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PUBLIC ABSTRACT  

 

FEASIBILITY AND EFFICACY OF FITNESS- AND SKILL-BASED HIGH-INTENSITY 

INTERVAL EXERCISE PROTOCOLS IN CHILDREN   

 

By 

 

Jeanette M Ricci 

Despite the breadth of health benefits of engaging in small amounts of vigorous physical 

activity (VPA), children do not engage in sufficient amounts. This highlights the need to 

determine enjoyable and effective strategies for youth to attain VPA in order to promote health 

improvements. The current dissertation first examined the acute physiological and perceptual 

responses to a body-weight resistance high-intensity interval exercise (HIIE) protocol in young 

boys and girls. This form of exercise was representative of VPA in individual and group settings 

and was enjoyed by participants. The second part of this dissertation involved a HIIE 

intervention delivered to 4th and 5th grade students during physical education (PE). The 

intervention addressed concerns with previous HIIE studies by aiming to promote the quality 

(i.e. enjoyment) of student’s PE experiences while implementing intense PA. Students 

participating in the fitness- and skill-based HIIE intervention significantly improved their 

cardiorespiratory fitness and muscular strength relative to the control group. The physical 

educator expressed favorable views on the feasibility of the intervention, rating the intervention 

high in feasibility overall. Students also perceived the intervention favorably with high program 

satisfaction scores. The program did not change students’ perceptions of PE, which remained 

positive after the intervention. Overall, these results advocate for an increased research attention 

to the physiological and psychological impacts of delivering HIIE in PE settings and continued 

use of similar fitness- and skill-based HIIE protocols as a means to promote students’  physical 

health during PE. 



 

 

ABSTRACT  

 

FEASIBILITY AND EFFICACY OF FITNESS- AND SKILL-BASED HIGH-INTENSITY 

INTERVAL EXERCISE PROTOCOLS IN CHILDREN   

 

By 

 

Jeanette M Ricci 

It is recommended that children engage in at least 60 minutes of moderate-to-vigorous 

physical activity (MVPA) per day; three occasions should specifically include vigorous physical 

activity (VPA) to promote cardiorespiratory and muscular fitness and maintain weight status. 

One evidence-based strategy to promote VPA in children is high-intensity interval exercise 

(HIIE). The current dissertation presents data from two laboratory-based studies investigating the 

cardiometabolic and perceptual responses to a body-weight resistance HIIE protocol (CIRC) 

compared to treadmill-based HIIE (TM) in boys and girls. The first acute study found similar 

mean heart rate (HR) responses (86 ± 6 %HRpeak for CIRC and 85 ± 4 %HRpeak for TM, P>0.05) 

yet a greater mean oxygen consumption (VO2) response to TM (70 ± 9 %VO2peak for CIRC 

versus 77 ± 5 %VO2peak for TM, P= 0.008) in boys. In contrast, mean HR and VO2 were similar 

in girls, but during group CIRC mean HR was higher than in both individual conditions [92 ± 7 

%HRpeak (Group CIRC); 86 ± 7 %HRpeak (CIRC); 85 ± 4 %HRpeak (TM)]. Also in girls, VO2 

responses were similar between CIRC and TM (76 ± 11 %VO2peak for CIRC versus 76 ± 10 

%VO2peak for TM, P= 0.60). In both boys and girls, rating of perceived exertion (RPE), affective 

valence, and enjoyment responses were similar between CIRC and TM (P>0.05), and only RPE 

increased during exercise (P<0.001). This dissertation also presents results from a fitness- and 

skill-based HIIE intervention delivered to 4th and 5th grade students during physical education 

(PE). The intervention, which focused on promoting physical health outcomes, addressed critical 

gaps in the HIIE literature by adopting a theoretical approach that focused on the psychosocial 



 

 

experiences of the delivered intervention. Students participating in the HIIE intervention 

significantly improved their cardiorespiratory fitness and muscular strength relative to the 

control group (F(1,49) = 17.40, P<0.001, ηp2= 0.26; (F(1,54) = 5.67, P= 0.02, ηp2= 0.09), 

respectively). A greater amount of time was spent engaging in MVPA in the intervention group 

compared to the control group, based on both HR and accelerometer data (38.1 ± 7.9 vs. 32.8 ± 

8.7 min/hr; P=0.025, ηp2= 0.08; 23.4 ± 5.0 vs. 15.7 ± 4.7 min/hr; P<0.001, ηp2= 0.45, 

respectively). However, only the accelerometer data supported that students in the intervention 

accumulated greater amounts of VPA during PE (4.5 ± 2.6 vs. 2.3 ± 1.3 min/hr; P<0.001, ηp2= 

0.27). Participants and the physical educator reported favorable program satisfaction and 

feasibility ratings. Lastly, the program did not change students’ perceptions of autonomy, 

relatedness, and competence during PE, which did not differ from the control group and 

remained positive after the intervention (F(3,52) = 1.37, P=0.26, ηp2= 0.07). These results can be 

used to advocate for the implementation of fitness- and skill-based HIIE interventions that 

incorporate both physical fitness and motor competence components delivered in PE settings. 

The Self Determination Theory may be a suitable theoretical framework to guide future HIIE 

interventions given that this intervention increased students’ physical activity levels without 

negatively influencing their psychosocial perceptions towards PE, including their enjoyment and 

their perceptions of autonomy, relatedness, and competence.   
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INTRODUCTION 

 It is recommended that children engage in at least 60 minutes of moderate-to-vigorous 

physical activity (MVPA) per day; three occasions should specifically include vigorous physical 

activity (VPA) in order to promote cardiorespiratory and muscular fitness, maintain weight 

status, and reduce the risk of developing cardiovascular disease risk factors that often track into 

adulthood.1 Focusing on activities that promote VPA (e.g., sprinting, jumping) is especially 

important because engaging in these activities is strongly associated with improved body 

composition and cardiometabolic health in children, more so than light- or moderate-intensity 

activities.2, 3 Given that children 6-12 years old often do not engage in sufficient amounts of VPA 

during youth sports or active play games,4 there is a need to determine enjoyable and efficacious 

strategies for youth to attain VPA in order to elicit health improvements.  

 One evidence-based strategy to promote VPA in children that has demonstrated 

significant improvements in aerobic fitness, body composition, and vascular function is high-

intensity interval training (HIIT).5-7 HIIT involves completing brief periods of VPA performed at 

≥ 85% of peak heart rate (HRpeak) interspersed with passive or active recovery periods performed 

at a lower intensity.5-7 In pediatric populations HIIT is often performed in a controlled laboratory 

setting requiring cycle ergometers and treadmills, or in school-based settings utilizing sprint 

running protocols.5 Although running-based HIIT may be a salient mode of VPA to promote 

cardiometabolic health improvements,5 running alone does not provide additional important 

aspects of physical activity (PA) including the development of motor competence and muscular 

fitness. These fitness- and skill-based aspects must also be an integral focus when designing 

exercise programming aimed at promoting VPA in youth since they are pre-requisites for sport 

participation and recreational PA programs and are linked to habitual PA participation.8, 9 
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Although running and cycling-based HIIT may not be the most developmentally appropriate and 

attractive mode of VPA for children, the structure of HIIT emulates children’s normal activity 

patterns of performing short bursts of VPA that are interspersed with periods of lower-intensity 

activity.10 Therefore, a potential avenue for children to attain VPA is to apply the structure of 

HIIT to different interval-based exercise protocols that provide brief bouts of VPA but also focus 

on motor competence and muscular fitness during the work and/or recovery intervals.  

 Prior to implementing fitness and skill-based interval exercise protocols into school or 

youth sport settings, it is important to characterize the acute physiological responses to this mode 

of exercise in children to determine if it provides an appropriate stimulus that may be effective to 

induce chronic health-related adaptations. Accordingly, recent studies have examined children’s 

acute cardiometabolic responses [i.e. oxygen consumption (VO2) and heart rate (HR)] to interval 

exercise protocols that incorporated several important aspects of PA including motor competence 

and muscular fitness.11-13 Although these protocols provided a dose of MVPA, the majority of 

exercises were not representative of VPA. Further, these studies did not include assessment of 

blood lactate accumulation, which is often used as an indirect marker of exercise intensity, or 

perceptual responses that influence habitual PA participation including affect and enjoyment.14 

Therefore, these types of protocols may not elicit the long-term adaptions that correspond with 

regular engagement in VPA. Alternatively, multi-joint body-weight resistance exercises that 

emphasize foundational movement patterns (i.e., squat, plank, jump) may be a feasible strategy 

to promote VPA, motor competence, and muscular fitness in children and may be more attractive 

than running, given the variety of movement patterns and exercises in these protocols. Although 

previous research has investigated the acute responses to equipment-based resistance exercise 

and cycling-based interval exercise in active adolescents,15 it is unknown if body-weight 
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resistance exercise alone can provide a vigorous physiological stimulus comparable to traditional 

running-based HIIT protocols in children. 

 Although initial acute studies are warranted to determine if body-weight resistance 

exercise is a salient mode of VPA, children will likely need a variety of exercises, including 

partner-based body-weight exercises, as well as variations in equipment, to maintain engagement 

and enjoyment during long-term exercise programs. Previous studies support the preliminary 

efficacy of fitness- and skill-based HIIT interventions utilizing a variety of equipment and 

exercises specifically in PE settings.16-19 These preliminary studies have demonstrated 

improvements in cardiorespiratory and/or muscular fitness in children and report strong fidelity 

based on participants’ peak heart rate during HIIT.20, 21  However, further evaluation regarding 

the acceptability and program satisfaction of these PE-based HIIT protocols are needed to 

determine if they are a viable strategy for children to attain adequate amounts of VPA during PE. 

This is an important gap in the literature that must be addressed in future research, especially 

since incorporating HIIT into the school day has been previously contested.22 

 Another limitation of previous fitness- and skill-based HIIT interventions is that the 

majority did not adopt a theoretical approach and failed to consider aspects of the intervention 

that influence long-term PA participation, such as the level of enjoyment and self-determined 

motivation (i.e. participation in PA because it is enjoyable, fun, and challenging) experienced 

during the intervention. One theoretical perspective that addresses the role of these psychological 

constructs in promoting self-determined motivation that has been heavily studied in the PE 

domain is the Self Determination Theory (SDT).23 The SDT provides a strong theoretical 

foundation for future fitness and skill-based HIIT interventions focused on promoting VPA and 

motor competence,24 since this theory postulates that the degree to which the basic psychological 
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needs of competency (i.e. task mastery), autonomy (i.e. choice), and relatedness (i.e. social 

interactions) are satisfied determines the extent to which individuals are motivated by self-

determined, or intrinsic, properties.23 In line with relatedness, the social environment as a source 

of enjoyment in youth PA settings has received little attention in previous, acute, lab-based and 

fitness- and skill-based PE intervention studies. While the majority of previous studies have 

focused on individual responses, it is important to assess the attractiveness (i.e. enjoyment) and 

feasibility of performing this form of exercise in small groups since group settings can positively 

influence individual behaviors such as PA participation and enjoyment.25 Further, empirical 

evidence in adults supports that individuals prefer to exercise in groups and that enhanced group 

cohesion is a source of PA enjoyment.26 Therefore, future studies are warranted to determine 

children’s perceptual responses to performing fitness- and-skill based HIIT in individual versus 

small group settings with peers.  

 Given the recent evidence regarding the health benefits of engaging in MVPA and VPA 

in children, future research must assess if fitness- and-skill based HIIT protocols focused on 

motor competence and muscular fitness, such as body-weight resistance exercise, are 

representative of vigorous exercise and if children enjoy engaging in such exercise either 

individually or in small group settings. Further, following preliminary acute studies it is also 

important to determine the public health implications of implementing fitness- and skill-based 

HIIT into PE. This may be accomplished by performing complete process evaluations regarding 

the acceptability and feasibility of implementing such exercise into PE settings. Accordingly, the 

purpose of the proposed dissertation is to determine the feasibility of a fitness- and skill-based 

interval exercise protocol in providing an enjoyable, vigorous-intensity cardiometabolic stimulus 

in children and to then determine the efficacy and acceptability of such protocols in eliciting 
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favorable changes in fitness, psychological constructs (i.e. enjoyment and affect), and PA 

behavior and motivation in a PE setting. In line with the overall purpose of this dissertation, the 

proposed following specific aims and hypotheses are addressed in three separate studies:  

Specific Aims and Hypotheses:  

1. To compare the acute cardiometabolic (VO2 and HR) and perceptual responses (i.e., perceived 

exertion, affective valence (i.e. feeling state), and enjoyment) to a body-weight resistance 

exercise circuit (CIRC) versus a treadmill-based HIIT (TM) protocol in 8-11 year-old boys.  

 Hypotheses:  

1a. CIRC would elicit similar changes in VO2 and HR yet greater blood lactate accumulation 

compared to TM.  

1b. There would be no significant decline in affective valence or exercise enjoyment from 

baseline to post-exercise for CIRC and TM given the shorter work interval and lower volume 

compared to previous studies,27 but CIRC would elicit more favorable perceptual responses 

during exercise compared to TM since the CIRC protocol provides more exercise variety and 

different movement patterns. 

2. To compare girls’ acute cardiometabolic and perceptual responses between CIRC and TM 

protocols performed individually and to CIRC performed in a small group setting. 

Hypotheses:  

2a. CIRC would elicit similar changes in VO2 and HR, yet greater blood lactate accumulation, 

compared to TM.  

2b. There would be no significant decline in affective valence or exercise enjoyment during and 

post-exercise compared to pre-exercise for TM and individual and group-based CIRC.  
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2c. Group-based CIRC would elicit more positive affective valence and enjoyment at all 

timepoints during exercise compared to individually performed CIRC and TM protocols since 

relatedness with peers and group exercise have been linked to higher exerccise enjoyment in 

children and adults.28, 29 

3. To evaluate the efficacy and perform a process evaluation of a 6-week fitness and skill-based 

HIIT intervention delivered during 4th and 5th grade elementary school PE classes compared to a 

control group engaging in traditional PE activities for promoting MVPA and VPA during PE, 

selected fitness outcomes, basic psychological needs satisfaction, self-determined motivation, 

and leisure-time PA. A secondary aim was to evaluate the fidelity of the intervention comparing 

the time spent engaging in MVPA and VPA between intervention and control groups. 

 Hypotheses:  

3a. Cardiorespiratory fitness, muscular fitness, and motor competence would increase 

significantly from baseline to post- intervention in the intervention group relative to the control 

group.  

3b. Relative to the control group, participants in the intervention group would significantly 

improve their physical activity enjoyment and fulfillment of the basic psychological needs 

(perceived competence, autonomy, and relatedness, proposed by the SDT) at post-intervention 

compared to baseline.  

3c. The intervention would demonstrate strong fidelity, with classes in the intervention group 

participating in significantly greater amounts of MVPA and VPA during PE compared to control 

classrooms.  
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3d. For the process evaluation, we hypothesized that the intervention would demonstrate high 

feasibility scores by the physical educator and favorable program acceptability from participants 

and the physical educator.  
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CHAPTER 1 

Review of Literature 

 The benefits of regular physical activity (PA) participation, especially vigorous-intensity 

PA (VPA), in children are expansive and include improved physical fitness, maintained weight 

status, and reduced risk of developing cardiovascular disease risk factors.1, 30 However, many 

children and adolescents do not meet the recommended amount of PA.31 Inactive children also 

present poor motor competence and low PA enjoyment, both of which are related to low 

motivation to live healthy, active lifestyles during childhood and throughout the lifespan.32 

Therefore, a need exists to determine attractive strategies for children to attain VPA while 

promoting motor competence. This review examines the current literature on the benefits of VPA 

and the importance of promoting motor competence and muscular fitness in youth. Further, the 

strengths and limitations of previously implemented strategies to promote VPA in children, 

including running-based high-intensity interval training (HIIT), as well as more novel HIIT 

protocols that incorporate motor competence and muscular fitness that may be more 

developmentally appropriate than running-based protocols, are reviewed. Lastly, important 

future research directions are highlighted, including the need for the assessment of perceptual 

responses to individual- and group-based HIIT in children in addition to establishing a 

theoretical foundation for future school-based HIIT studies.  

Benefits of Participating in Vigorous-Intensity Physical Activity  

 Engaging in VPA, such as sprint running or jumping, may have the greatest impact on 

indicators of cardiometabolic health in children, more so than light or moderate intensity 

activities.30 For example, an accumulating body of evidence has demonstrated a stronger inverse 

relationship between accumulated VPA and adiposity compared to moderate-intensity PA and 
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moderate-to-vigorous PA (MVPA).3, 33, 34 This relationship seems to persist even in children with 

low cardiovascular fitness and is independent of age, sex, and weight.35 Encouraging 

participation in VPA is likely to promote improvements in cardiometabolic health in children. 

Furthermore, VPA is beneficial for cardiorespiratory fitness, with the majority of the literature 

indicating a positive relationship between levels of VPA and cardiorespiratory fitness, more so 

than light and moderate-intensity PA.2, 36, 37 Given that a sufficient health-improving dose of 

VPA can range from only 12 to 16 minutes accumulated throughout the day,30 a successful 

strategy may be to implement small, targeted doses of VPA throughout the school day or at 

youth sports practices or community PA programs. However, children ages 6-12 years often do 

not expend enough energy during sports or active play games to be classified as vigorous 

intensity, or sometimes even moderate intensity.38.Therefore, there is a strong rationale for future 

research to examine enjoyable and efficacious exercise strategies for youth to attain sufficient 

levels of VPA to promote cardiometabolic health. Further, engaging in VPA may provide an 

opportunity to simultaneously promote other important factors of youth development including 

motor competence and muscular fitness. 

The Importance of Developing Motor Competence and Muscular Fitness During 

Childhood 

It is important to move beyond traditional modes of VPA, such as running, and design exercise 

protocols and PA programs focused on motor competence and muscular fitness because both of 

these factors are pre-requisites for participation in sport and recreational PA programs and are 

linked with leisure-time PA behaviors.8, 9 Motor competence is defined as the mastery of 

foundational and fundamental movement skills, that when acquired during childhood, allow for 

enjoyable participation in PA.39 Motor competence includes the acquisition of fundamental 
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movement skills that have been previously defined as ‘an organized series of basic movements 

that involve a combination of movement patterns of two or more body segments’ and include 

locomotor, stability, and object control tasks.40 Becoming proficient in motor competence tasks 

during childhood also provides a foundation for more complex motor skills required for sport 

participation during adolescence.39 On the other hand, perceived competence is an individual’s 

awareness and confidence of their movement capabilities, and is proposed to have a positive 

relationship with motor competence.41 Although children acquire motor competency by jumping, 

sprinting, throwing, catching, and leaping while participating in PA, inactive children with low 

motor competence are less likely to have the motivation, confidence, and physical capacity to 

engage in an active lifestyle.42 Therefore, the development of motor competence highlights an 

important mechanism for PA engagement during childhood.43  

 Several studies have demonstrated positive associations between motor competence and 

health-related fitness and leisure-time PA participation in children. For example, Hands et al.8 

demonstrated that over a 5-year period, children with high motor competency out-performed 

those with low motor competency on cardiovascular fitness, sprint run, throw, jump and balance 

assessments. An additional study demonstrated that children with high motor competence 

reported greater sport participation compared to those with low motor competence.9 Acquiring 

proficient motor competence during childhood may also protect against a decline in PA 

participation often experienced at the onset of adolescence, as several studies have demonstrated 

that children with the highest motor competence also participate in the greatest amounts of PA.44-

46 However, cautious interpretation of these results is warranted since the majority of previous 

studies assessing the relationship between motor competence and PA participation are cross-

sectional. Nonetheless, instead of implementing only running-based programs to promote VPA 
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that focus exclusively on health-related fitness outcomes such as cardiorespiratory fitness, 

interventions aimed at promoting VPA should also incorporate exercises focused on motor 

competence since they may have widespread secondary effects on leisure-time PA participation 

in addition to health and fitness-related outcomes.    

 In addition to promoting motor competence, developing muscular fitness is an important 

aspect of youth development and should be an important consideration when designing programs 

to promote VPA in children. Muscular fitness has a synergistic relationship with motor 

competence, as it promotes enhancements in motor control, function, and speed, and both 

provide a foundation for an active lifestyle during childhood.47 In fact, becoming proficient in 

foundational movements such as the squat, lunge, push, and rotation to further promote motor 

competence may be of equal importance to skill-based training since children engage in these 

movement patterns during active play and sports.47 The benefits of participating in regular 

resistance training during childhood are expansive and include improvements in muscular 

strength,48 motor performance and fundamental movement skills,49, 50 body composition,51 

skeletal health,52 and injury prevention.53 Furthermore, resistance training may be more inclusive 

for overweight and obese pediatric populations who often experience difficulty engaging in 

cardiovascular activities such as running. Resistance training programs have been previously 

implemented in elementary school PE settings with successful outcomes including significant 

improvements in muscular strength, endurance, and power.54, 55 Overall, there is an opportunity 

for motor competence and muscular fitness components to be incorporated into exercise 

programs aimed at promoting VPA in children and may be an effective strategy to induce 

chronic health-related adaptations. However, much of the existing literature has focused on 

promoting VPA through running or cycling-based protocols such as high-intensity interval 
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training (HIIT) that emphasize cardiorespiratory fitness but overlook motor competence and 

muscular fitness aspects5, 56. 

Is Traditional High-Intensity Interval Training (HIIT) the Best Strategy to Promote 

Vigorous-Intensity Physical Activity in Children? 

Recent reviews demonstrate that HIIT may be a time-efficient and salient mode of VPA 

to enhance cardiometabolic health in children and adolescents,5, 56 and the Physical Activity 

Guidelines Advisory Committee Scientific Report highlighted HIIT as an important future 

research direction in children.1 HIIT involves completing brief bouts of vigorous-intensity 

activity performed at ≥ 85% of peak heart rate (HRpeak) interspersed with passive or active 

recovery periods.5-7 There are no universally accepted work:recovery ratios for HIIT, and it is 

often performed in a controlled laboratory setting with motorized treadmills and cycle 

ergometers.5, 56 One appeal of HIIT is that it is ‘time-efficient’, meaning that adaptations 

following repeated bouts of HIIT are comparable to repeated sessions of longer duration 

moderate-intensity continuous exercise. For example, HIIT protocols requiring only 5-15 

minutes of total exercise time have demonstrated improved health outcomes such as improved 

cardiorespiratory fitness and markers of cardiovascular health in children.57, 58 Although 

preliminary evidence supports the efficacy of HIIT in pediatric populations, most studies were 

performed in a  laboratory setting requiring treadmills or cycle ergometers that cannot be 

translated to ‘real-world’ modalities of HIIT.6, 7  

Until recently many of the studies in children that have implemented HIIT in field- or 

school-based settings have utilized running as the modality to promote VPA.5, 56 For example, in 

a review by Bond et al.5, eight of the fifteen school-based HIIT studies opted to use a sprint 

running protocol performed at 100% maximal aerobic speed. Although the interventions were 
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designed to promote VPA by having participants perform HIIT at maximal running speeds, the 

majority of school-based HIIT studies did not assess the fidelity of the HIIT intervention by 

measuring time spent above 85% HRpeak using HR monitors or with accelerometry to determine 

the percent of time spent engaging in VPA for the entire class period57, 59 nor assessed program 

acceptability, which is an important gap that must be addressed in future research. Nonetheless, 

Buchan et al.60, 61 demonstrated mean HR responses representative of VPA (i.e. greater than 175 

beats per minute (bpm)) in two separate studies in adolescents performing 4 sets of 30s:30s 

running-based HIIT in a PE setting. Further, Martin et al.62 demonstrated HR responses 

representative of HIIT (87% HRpeak) during 4-6 sets of 30s:30s sprint interval running in 

adolescents during PE.    

In addition to providing an appropriate stimulus representative of VPA, previous running-

based HIIT interventions in youth have demonstrated preliminary efficacy in promoting several 

health and fitness outcomes. For example, studies that assessed cardiorespiratory fitness using a 

20-meter multistage fitness test demonstrated significant improvements in cardiorespiratory 

fitness following the HIIT intervention.16, 59-64 However, the effectiveness of running-based HIIT 

on other cardiometabolic health markers, such as body composition, is less clear with the 

majority of school-based HIIT interventions reporting null changes in body composition.59, 61, 63, 

64 These findings are likely explained by the variety of work:rest ratios used and the amount of 

energy expended by participants during the HIIT intervention. For example, Baquet et al.59, 63, 64 

utilized running protocols of 10-20 s work: 10-20 s rest for 1-4 sets, with 3 minutes in between 

sets during PE, which is perhaps too short of work interval duration to warrant changes in body 

composition and cardiometabolic health markers. Overall, findings from running-based HIIT 

interventions in elementary school settings are less conclusive than lab-based investigations, 
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likely due to differences in participant compliance with the recommended work intensity and/or 

the use of indirect assessments for cardiometabolic health and fitness.  

 Although running-based HIIT is an inexpensive and viable strategy to promote VPA in 

youth, these programs do not focus on additional important aspects of youth development 

including motor competence and muscular fitness, and most studies did not assess perceptual 

responses to this mode of HIIT.65 However, HIIT emulates children’s normal activity patterns of 

performing short bursts of VPA that are interspersed with periods of lower-intensity activity.10 

Therefore, perhaps a more developmentally appropriate strategy to promote VPA is to apply the 

structure of HIIT to fitness- and skill-based interval exercise protocols that provide brief bouts of 

VPA but also focus on motor competence and muscular fitness during the work and/or recovery 

intervals. Further, incorporating more exercise variety into fitness- and skill-based HIIT 

protocols may promote positive perceptual responses and greater PA behavior compared to 

running-based HIIT that offers low variety of exercise choices.66   

Acute Responses to Fitness-and Skill-based Interval Exercise Protocols in Children  

 Prior to implementing fitness and skill-based interval exercise interventions that focus on 

motor competence and muscular fitness into school or youth sport settings as a strategy for 

children to attain VPA, it is important to assess children’s acute responses to this mode of 

exercise to determine if these protocols do in fact provide a vigorous-intensity cardiometabolic 

stimulus. Accordingly, recent studies have examined children’s acute oxygen consumption 

(VO2) and HR responses to fitness- and skill-based interval exercise protocols.11-13. For example, 

Faigenbaum et al. observed changes in VO2 and HR that provided a stimulus representative of 

MVPA (peak VO2 values equal to 64-65% VO2peak) in response to a 10-minute fitness rope and a 

10-minute medicine ball protocol in active, fit children.12, 13 Similarly, a multi-modal fitness- and 
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skill-based interval exercise protocol requiring specialized equipment provided a moderate-to-

vigorous cardiometabolic stimulus in active children, with no difference in mean VO2 or HR 

between the multi-modal protocol and a treadmill walking protocol.13 Overall, these protocols 

did not provide a vigorous-intensity cardiometabolic stimulus and may need to be modified in 

order to promote long-term health adaptations attendant with regular engagement in VPA. 

Therefore, future research must assess the acute responses to different fitness- and skill-based 

interval exercise protocols, such as body-weight resistance exercises, to determine if they are 

representative of VPA. 

 In addition to the previous fitness- and skill-based interval exercise protocols not being 

representative of VPA, these studies had several limitations that must be addressed in future 

research. For example, no study included a measure of blood lactate accumulation which is often 

used as an indirect marker of exercise intensity and could further characterize the stimulus 

provided by these fitness- and skill-based interval exercise protocols. Given that the safety of 

HIIT has been previously contested,22 future work should also assess blood pressure (BP) 

responses to characterize the cardiovascular strain provided by fitness- and skill-based HIIT in 

children. Overall, future research must attempt to further characterize the cardiometabolic 

responses of various fitness- and skill-based HIIT protocols by including additional 

physiological measures such as blood lactate accumulation and BP. Second, these studies did not 

assess children’s perceptual responses such as enjoyment or affective valence (i.e. feeling state), 

both of which are important predictors of leisure-time PA participation.14 Given the importance 

of understanding children’s affective responses to exercise, future acute HIIT studies must also 

include assessments of perceptual responses to determine if such protocols are an attractive mode 

of VPA in children that could ultimately be implemented in school or youth sport settings.  
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 Further, all previous acute studies involved individually performed exercise protocols and 

did not consider the implications of group-based exercise as a source of PA enjoyment.67 

Although little attention has been provided to group exercise in youth, research in adults 

indicates that promoting group cohesion in exercise settings may positively influence enjoyment 

responses and may be preferred over individually performed exercise.29, 68 Therefore, performing 

HIIT in small group settings may provide greater enjoyment than individually performed 

protocols, but research is warranted to confirm this hypothesis in children. Overall, findings from 

this research will determine if interval-based body-weight resistance exercise protocols aimed at 

promoting motor competence and muscular fitness performed in individual and small group 

settings can provide an enjoyable yet adequate stimulus representative of VPA.  

Psychological Constructs that Contribute to Exercise Enjoyment 

 If fitness- and skill-based HIIT is to be a viable strategy for children to attain VPA on an 

impactful public health level, future research must determine if such exercise protocols have a 

positive influence on the psychological constructs and PA motivational outcomes required to 

promote long-term PA behaviors. Psychological constructs such as enjoyment and positive affect 

towards PA are important mediators for self-determined motivation and leisure-time PA 

behaviors.69, 70 Therefore, though engaging in VPA elicits greater health benefits than moderate-

intensity PA, the perceptual responses to such exercise, including affective valence and 

enjoyment, must be considered. The Dual Mode Theory states that exercise above the ventilatory 

threshold, which would include interval-based exercise protocols designed to promote VPA, 

elicits adverse psychological responses (i.e., negative affective valence and low exercise 

enjoyment) and may reduce exercise adherence.71 The Dual Mode Theory is based on 

completion of continuous vigorous exercise or, alternatively, graded exercise, which eventually 
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exceeds the ventilatory threshold. However, engaging in interval exercise that involves 

completing brief but repetitive bouts of VPA may not lead to the adverse perceptual responses 

experienced during continuous vigorous exercise and may not hinder PA participation given that 

its structure differs from these protocols as it is not continuous.71  

 Minimal data are available regarding perceptual responses towards interval-based 

exercise in children. Existing studies in adults and adolescents examining the acute perceptual 

responses to interval exercise have demonstrated HIIT to elicit similar, if not greater, enjoyment 

responses compared to continuous exercise performed at a moderate intensity.72, 73 However, 

findings are not conclusive. For example, Malik et al.74 demonstrated a significant decline 

exercise enjoyment during a treadmill-based 8 x 1 minute HIIT protocol in adolescent boys. 

Although exercise enjoyment declined from pre-exercise, it remained positive during and post-

exercise, indicating that participants still perceived the exercise favorably. A possible 

explanation for the decline in exercise enjoyment is the use of 1-minute work intervals as 

opposed to a shorter 30-second duration, for shorter work intervals are often perceived as more 

positive and enjoyable compared to longer work intervals.75  

 No existing acute fitness- and skill-based HIIT studies in children have addressed 

participants’ perceptual responses, and very few intervention studies assessed other relevant 

outcomes such as program satisfaction.20, 24, 76 Given that perceptual responses to exercise are 

strong mediators of leisure-time PA participation,66 this is a critical gap in the literature that must 

be addressed in future studies. First, acute studies are needed to determine children’s perceptual 

responses to fitness- and skill-based HIIT protocols to determine if they are an attractive strategy 

for youth to attain VPA that may positively influence leisure-time PA behaviors. Once initial 

perceptual responses are established, future intervention studies delivered in field settings such 
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as PE can design fitness- and skill-based HIIT protocols grounded on a theoretical approach to 

address the role of these psychological constructs in promoting self-determined motivation 

towards leisure-time PA participation in which previous studies have failed to consider.  

Preliminary Efficacy of Fitness- and Skill-based Exercise Interventions in Physical 

Education Settings  

 Once the cardiometabolic and perceptual responses to feasible fitness- and skill-based 

HIIT protocols designed to promote VPA are established, a logical progression is to transition 

from the laboratory to real-word settings by implementing similar protocols in group settings 

such as during PE. Given that most children in the United States attend school, PE provides 

important opportunity for children to accumulate doses of VPA on a public health level. 

However, most of the research indicates that children are insufficiently active during PE. 

Previous studies demonstrate a wide range of percent of time spent in MVPA in PE for 

elementary school students, ranging from approximately 11-88% with the average falling below 

the national recommendation of 50% of time spent in MVPA and a lower percentage meeting 

VPA recommendations.77 For example, classes assessed by Chow et al.78 met the national 

recommendation with 50.7% of PE time spent in MVPA, as measured by the SOFIT direct 

observation tool, whereas Kramer et al. 79 assessed students via accelerometry and reported 

33.1% of time spent in MVPA. Nonetheless, the majority of evidence suggests that children miss 

out on an opportunity to improve their cardiometabolic health by not acquiring enough PA at a 

sufficient intensity during PE.77 Although the body of evidence supporting the health benefits 

participating in VPA is strong, it is unclear how to best promote VPA in children in this setting.  

 Several recent interventions have implemented fitness- and skill-based HIIT protocols in 

PE as a strategy for children to attain adequate amounts of VPA, but mixed results were 
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produced. For example, Costigan et al.16 implemented an interval exercise protocol relying on 

only body-weight exercises (e.g. push-ups, shuttle runs, skipping) into a secondary school PE 

program. Completion of the interval exercise protocol three times a week for 8 weeks with 

sessions lasting 8-10 minutes resulted in moderate to large effect sizes for improvements in waist 

circumference, a small intervention effect for cardiorespiratory fitness, and no intervention effect 

for muscular fitness.16 Although the initial findings from this study are encouraging, children 

may need a variety of exercises and variations in exercise intensity, such as partner-based 

exercises and various resistance exercise equipment, in order to further promote muscular fitness 

and maintain engagement and enjoyment during a long-term intervention period. For example, 

Leahy et al.24 demonstrated favorable program satisfaction following a school-based HIIT 

program in adolescents in which participants were able to select from a variety of HIIT 

modalities (i.e. dance, sports, circuit training). Similarly, Lambrick et al.80 adapted the structure 

of HIIT to active play games and had participants perform the protocol twice weekly for 6 weeks 

for 40 minutes each session during school hours. Throughout the intervention, participants had 

an average of 86% HRpeak during sessions and demonstrated significant improvements in 

cardiorespiratory fitness and waist circumference (obese participants only).80 However, the 

protocol length of 40 minutes was significantly longer than traditional time-efficient HIIT 

protocols and may not be feasible for physical educators to implement into their pre-established 

curricula.  

 Though not specifically designed to promote VPA like the Costigan, Lambrick, and 

Leahy studies,16, 76, 24 other previous intervention studies have incorporated stations of both 

fitness- and skill-related exercises performed in an interval format to promote motor competence 

and muscular fitness that provide informative results for future HIIT studies. For example, 
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Faigenbaum et al.21 completed two separate pilot studies in children from second grade in which 

classrooms in the intervention group completed a 15-minute fitness- and skill-based exercise 

program at the beginning of PE class two times per week for eight weeks, whereas control 

classrooms engaged in traditional PE activities The intervention programs were strategically 

designed to enhance motor learning and improve physical fitness and motor competence. The 

protocols included a series of body-weight resistance exercises (e.g. plank, squats), plyometric 

drills (e.g. lateral hops, cone drills), and object control tasks using a punch balloon (e.g. 

backwards throw, lunge chest pass) performed in a circuit format.21, 81 In the initial study,21 there 

was a significant group by time interaction with significant improvements in muscular strength 

and endurance, muscular power, and cardiorespiratory fitness in the intervention group compared 

to the control group who participated in traditional PE activities. In the second investigation,81 

sex-specific adaptations were noted as the intervention group had significant improvements in 

cardiorespiratory fitness, muscular strength, muscular endurance in girls only, whereas there 

were significant improvements in muscular power for girls and boys. The null improvements in 

speed/agility in both studies may be explained by the included exercises, for no sprinting-based 

games or activities were included, which would likely lead to improvements in this component 

of skill-related fitness. 

 Building upon initial investigations in second graders, Faigenbaum et al.20 implemented a 

fitness- and skill-based intervention in fourth grade classrooms within one elementary school. 

Similar to the pilot testing performed in second graders, fourth grade participants in the 

intervention classrooms engaged in the exercise program for the first 15 minutes of PE class two 

times per week for eight weeks. However, additional equipment was added to this intervention 

and included fitness ropes, 1-2 kg medicine balls, BOSU trainers, and colored spots, likely 
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because the participants were older and could perform more advanced exercises. According to 

the principle of progressive overload, more advanced exercises were incorporated every two 

weeks and the work:rest ratio increased from 30s:30s to 45s:30s for the second half of the 

intervention to enhance training improvements. Like previous findings, there was a significant 

group by time interaction observed in the intervention group for cardiorespiratory fitness, 

muscular strength, flexibility, and muscular power, with null improvements for muscular 

endurance and the long-jump. Overall, these initial pilot studies provide a foundation for the 

rationale of implementing fitness- and skill-based HIIT protocols during PE to enhance 

cardiorespiratory and muscular fitness.  

 Building upon Faigenbaum’s initial investigations focused on physical health outcomes, 

Duncan et al.82 assessed the efficacy of a 10-week PE fitness- and skill-based HIIT intervention 

on improving motor competence, PA self-efficacy, and fitness-related variables in 6-7 year old 

children. In the Duncan study, the intervention was delivered once per week for 30-40 minutes 

during PE lessons and consisted of 6-10 exercise stations including squats, bear crawls, and 

speed ladder drills. Following the intervention, participants undergoing the intervention 

demonstrated significant improvements in motor competence (2 locomotor and 3 object control 

skills) compared to the control group, with improvements in PA self-efficacy only evident in 

boys following the intervention.82 Overall, initial pilot investigations support the promise of 

implementing fitness- and skill-based HIIT protocols into PE to promote improvements in motor 

competence and muscular fitness in young children, especially boys, yet it is unknown how to 

best adapt these programs to older children (9-11 year-olds) and in girls.  

 Although previous fitness- and skill-based HIIT interventions have demonstrated 

preliminary evidence for promoting several cardiometabolic health and fitness-related variables, 
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there are several limitations to these studies that must be addressed in future studies designed to 

promote VPA in children within the PE setting. First, all studies relied on passive or active 

recovery walking intervals which may not have provided an adequate exercise stimulus to induce 

chronic fitness and/or motor competence adaptations. This highlights a potential application for 

the structure of that HIIT that has not been studied previously that may yield more conclusive 

results. A novel approach that could be addressed in future studies is to include a variety of 

vigorous-intensity exercises (i.e. fitness rope activities, multi-joint body-weight resistance 

exercises) that can be interspersed with moderate-intensity exercises (i.e. throw/catch, balance, 

and agility activities). This may be a more attractive and engaging strategy to promote VPA in 

children while incorporating more skill-based exercises into the recovery intervals compared to 

previous studies that relied on passive or active recovery walking rest intervals. Another 

limitation of previous fitness- and skill-based interval exercise interventions is that few studies 

included a comprehensive process evaluation including fidelity and program satisfaction. 

Researchers should continue to assess if their HIIT intervention is successful at achieving the 

national recommendation of children spending at least 50% of class time engaging in MVPA 

during PE given that the majority of children fail to reach this recommendation.77  Lastly, 

besides the Duncan et al. study, researchers did not assess the efficacy of their intervention in 

promoting improvements motor competence or perceived competence and PA behavior outside 

of the school setting, all of which severely limits the interpretation of findings. 

 Perhaps the greatest limitation of previous fitness- and skill-based interval exercise 

interventions in children is the lack of a theoretical approach to the intervention and 

measurements of constructs that influence long-term PA participation. These previous studies are 

often narrow in scope and focus on the quantity of PA achieved during PE and fail to focus on 
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psychological constructs that contribute to the quality of PE experiences.83, 84 An important 

aspect of quality that can be considered when delivering PE interventions is the type of 

motivation children experience during PE to be physically active. For example, fostering self-

determined motivation (i.e. participation in PA because it is enjoyable, fun, and challenging) 

within the PE context has been linked with positive affective experiences and increased PA 

behaviors.85 Therefore, promoting self-determined motivation during PE may provide an 

important mechanism for increased leisure-time PA outside of the school setting, in which most 

existing fitness- and skill-based HIIT interventions failed to measure.20, 21 There is a strong 

rationale to examine the feasibility and efficacy of fitness- and skill-based interval exercise 

interventions designed to promote physical health outcomes without compromising the quality of 

instruction in order to simultaneously promote self-determined motivation and leisure-time PA in 

children.    

Applying a Theoretical Framework to Fitness- and Skill-Based Exercise Interventions 

 A theoretical perspective that has been heavily studied in the PE domain that can provide 

a strong foundation for future fitness- and skill-based HIIT interventions is the Self 

Determination Theory (SDT).23, 86 The SDT postulates that the degree to which the basic 

psychological needs of competency (i.e. task mastery), autonomy (i.e. choice), and relatedness 

(i.e. social interactions) are satisfied determines the extent to which individuals are motivated by 

self-determined, or intrinsic, properties.23 Importantly, children possessing self-determined 

motivation have more positive behavioral outcomes and more positive cognitive and affective 

experiences such as higher enjoyment towards PA and increased engagement during PE.23, 86, 87 

For example, studies have demonstrated positive associations between children’s fulfilment of 

the basic psychological needs in PE and positive affect,88 high enjoyment,84 and improved 
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concentration.89 Therefore, if future acute studies demonstrate positive perceptual responses to 

fitness- and skill-based HIIT protocols, interventions utilizing similar protocols have the 

potential to promote positive PA behaviors outside of the school context if children perceive the 

experience positively and are in environments that promote positive affect and enjoyment.  

 Based on the aforementioned findings, a particularly salient and effective strategy for 

promoting VPA as well as leisure-time PA behaviors may be to target the basic psychological 

needs of competence, autonomy, and relatedness proposed by the SDT when designing future 

fitness- and skill-based interval exercise interventions. This is because psychological constructs 

such as self-determined motivation provide a likely mechanism for increased leisure-time PA 

both during and after the intervention that ultimately promote physical health.83 Therefore, 

hypothesis testing and targeted interventions promoting fulfillment of the basic psychological 

needs may mediate intervention effects including improved health outcomes (i.e., weight 

maintenance, skill acquisition, and physical fitness) by enhancing long-term self-determined 

motivation for PA behaviors and student engagement during the PE intervention.8, 30 However, 

future work is needed to verify this hypothesis, for the one HIIT study that adopted the SDT as a 

theoretical approach failed to see significant improvement in basic needs satisfaction following 

the intervention in adolescents.24   

 The SDT provides a mechanistic explanation for the aforementioned associations 

between motor competence and leisure-time PA participation, because high motor competence 

can increase PA enjoyment which promotes self-determined motivation towards PA.90, 91 This is 

supported by previous research that demonstrated that the primary reason children find PA to be 

fun and enjoyable is having the competence and relevant skills to complete the activity.92 

Further, data support that if motor competence tasks are mastered at a young age and children are 
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confident in their movement abilities (i.e. have high perceived competence), there is a greater 

likelihood that they will enjoy being physically active and continue to participate in PA outside 

of school and throughout their lifespan.42, 93, 94 For example, Carroll et al.42 noted significant 

positive relationships between perceived competence and enjoyment in PE and between 

perceived competence and habitual PA participation in primary school children. Therefore, 

fitness- and skill-based HIIT interventions align with the basic psychological need of 

competence, as developing motor competence is a primary goal of such exercise programs. 

However, most previous studies only focused on fitness outcomes and did not assess changes in 

physical or perceived competence.20, 76, 80 Therefore, future research is needed to determine the 

efficacy of fitness- and skill-based HIIT interventions in improving both physical health 

outcomes and promoting the basic psychological need of competence in order to promote self-

determined motivation and leisure-time PA.  

 The SDT provides a strong theoretical framework for fitness- and skill-based HIIT 

interventions because they can be designed in such a way that promotes student autonomy, the 

second of three basic psychological needs. Although only one previous fitness- and skill-based 

interval exercise interventions utilized a theoretical framework such as the SDT,24 previous 

studies have examined the effects of an autonomy supportive environment in promoting self-

determined motivation towards PA within the PE context. The physical educator plays a critical 

role in supporting or thwarting students’ basic psychological needs, for physical educators can 

establish an autonomy supportive classroom environment which includes adopting a ‘child 

centered’ approach.87 Characteristics of an autonomy supportive motivational style include one 

that supports student choice relevant to their interests and goals, provides opportunities to 

develop competencies, allows for participation in decision making, provides rationale for the 
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activities, and promotes peer interactions and social interactions.87, 95, 96 It is important to 

incorporate certain aspects of choice into future fitness- and skill-based HIIT interventions 

because it is often a compulsory subject during primary school and children have diverse 

interests and abilities that do not coincide with the traditional single-modality interventions. One 

strategy to promote autonomy in PE is to incorporate a variety of exercise choices given 

perceived variety in exercise has been linked to well-being and fulfillment of basic psychological 

needs.97, 98 Further, when offering choice to young children it is important to provide activities 

that are meaningful and important, are not too complex, provide optimal challenge to satisfy the 

need for competence, and involve encouraging and instructional feedback.99  

 Several investigations have focused on autonomy supportive instructional behaviors 

during PE,99 but studies have not yet specifically been applied to fitness- and skill-based interval 

exercise interventions in young children. The majority of empirical work was specifically 

designed to allow students to select which activities to participate from a pre-established list.100 

Overall, directly intervening to offer different choices during PE to foster the basic psychological 

need of autonomy has shown favorable effects on self-determined motivation for PA 

participation and engagement during PE lessons.28, 100 Interventions examining the effects of 

choice on promoting self-determined motivation for PA often focus on choosing from different 

walking activities, yet walking-based interventions overall have demonstrated limited impact on 

promoting health in children and adolescents.101 Therefore, future fitness- and skill-based HIIT 

interventions could adopt a station approach with different activity options at each station and 

allow students to choose their partners/team formation during certain activities. These are 

hypothesized to be effective strategies to promote a sense of autonomy and engagement in PE to 

ultimately enhance quality self-determined motivation towards leisure-time PA participation.    
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 Future fitness- and skill-based HIIT interventions grounded in the SDT must also 

consider the third basic psychological need of relatedness, which can be defined as the need to 

develop meaningful relationships with teachers and peers.23 Evidence suggests that children’s 

sense of relatedness has been positively associated with intrinsic, or self-determined, 

motivation102 which aligns with the framework of the SDT. Further, a structural equation 

modeling analysis revealed that students with high perceived relatedness experienced greater 

basic psychological needs satisfaction that in turn predicted adaptive PE outcomes such as 

concentration and preference for challenging tasks.88 One strategy to promote relatedness is to 

perform PA in an environment that promotes group cohesion, which has been associated with 

higher levels of exercise enjoyment in adults,26 but much less is known about group exercise 

dynamics in children. Therefore, prior to implementing PA interventions aimed at promoting 

relatedness in children, preliminary research is needed to determine if children enjoy performing 

fitness- and skill-based interval exercise protocols in a small group with peers. Doing so will 

provide useful evidence regarding the feasibility of implementing similar protocols in a large 

group setting. According to Estabrooks et al.68, strategies to promote group cohesion and 

relatedness within a group setting such as PE include incorporating partner-based exercises and 

small group competitions into PA interventions. Within the PE context, relatedness can also be 

promoted through an autonomy supportive environment that emphasizes peer interactions and 

establishes positive relationships between students and the physical educator.87 Although 

previous research has addressed the efficacy of autonomy and relatedness supportive 

environments in promoting self-determined motivation,100 limited studies have integrated this 

perspective within interventions designed to promote VPA and physical health outcomes. 

Accordingly, future research must address the feasibility and efficacy of delivering PE 
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interventions that simultaneously provide opportunities to promote physical fitness and 

movement competence without compromising opportunities to promoting basic needs 

satisfaction amongst students a strategy to promote both cardiometabolic health and quality 

motivation towards long-term PA engagement.  

 Despite the potential benefits of designing fitness- and skill-based HIIT interventions that 

focus on the quality and consequences of promoting self-determined motivation in addition to 

physical health promotion through increased quantity of PA (i.e. duration and intensity), the 

majority of school-based PA literature tends to focus on either physical health outcomes or 

psychosocial outcomes.20, 76, 80 This is problematic given that changes in physical fitness are 

likely not enough to promote long-term PA behaviors, as self-determined motivation is linked 

with more favorable perceptual and behavioral consequences and provides a mechanism for 

increased leisure-time PA participation in children. Although the impact of implementing HIIT 

on student’s psychosocial experiences in PE are unclear, it can be postulated that these 

interventions, especially those that were running-based, did not elicit high enjoyment for all 

participants, possibly on the basis that they did not address tenets of the SDT, including 

competency, autonomy, or relatedness. Further, current reviews have highlighted the lack of 

feasibility and process evaluation in existing PE interventions that must be addressed in future 

research to better understand the long-term sustainability of implementing interventions into 

existing PE programs.83 Overall, there is a strong rationale to for fitness- and skill-based HIIT 

interventions to adopt a holistic approach in order to promote favorable changes in both physical 

fitness and basic psychological needs satisfaction proposed by the SDT.  
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Summary 

Based on previous literature, fitness- and skill-based interval exercise is a promising and 

developmentally appropriate alternative to running-based protocols in children. However, given 

the paucity of studies, the exact physiological stimulus to this form of exercise is not well 

understood, and research in a laboratory-based setting is needed to characterize the intensity of 

these protocols. By addressing this literature gap, researchers would understand if fitness- and 

skill-based interval exercise provides a vigorous stimulus representative of HIIT that may induce 

chronic adaptations. Further, no previous acute fitness- and skill-based studies characterized 

perceptual responses, which is a critical gap that must be addressed in future research given that 

enjoyment and affect are strong predictors of exercise adherence. Overall, assessing the acute 

physiological and perceptual responses to fitness- and skill-based interval exercise is necessary 

to determine whether this form of exercise provides a sufficient and enjoyable VPA stimulus that 

may be effective in improving or maintaining health. 

 Once these responses are characterized, fitness- and skill-based HIIT interventions can 

be carefully designed to incorporate small, titrated doses of VPA into PA programs, such as PE. 

Although existing fitness- and skill-based HIIT interventions have been mostly successful at 

promoting physical health outcomes, the majority of studies failed to adopt a theoretical 

framework and did not determine the psychosocial impact of incorporating HIIT into PE 

programs. It is hypothesized that by grounding HIIT interventions within the SDT framework, 

incorporating more vigorous exercise into PE would not compromise student’s ability to 

maintain or improve their self-determined motivation towards leisure-time PA participation. 
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ABSTRACT  

The majority of studies examining children’s responses to high-intensity interval exercise (HIIE) 

primarily utilized running; however, this modality does not require/include other important 

aspects of physical activity including muscular fitness. PURPOSE: To compare acute responses 

between a body-weight resistance exercise circuit (CIRC) and treadmill-based (TM) HIIE. 

METHOD: Seventeen boys (age=9.7±1.3 years) completed a graded exercise test to determine 

peak heart rate (HRpeak), oxygen uptake (VO2peak) and maximal aerobic speed (MAS). Sessions 

were randomized and counterbalanced. CIRC required two sets of 30s maximal repetitions of 

four exercises. TM included eight 30s bouts of running at 100% MAS. Both included 30s active 

recovery between bouts. Blood lactate concentration (BLa) was measured pre- and post-exercise. 

Rating of perceived exertion (RPE), affective valence, and enjoyment were recorded pre-

exercise, after intervals 3 and 6, and post-exercise. RESULTS: Participants attained 88±5 

%HRpeak and 74±9 %VO2peak for CIRC and 89±4 %HRpeak and 81±6 %VO2peak for TM, with a 

significant difference in %VO2peak (P=0.003) between protocols. Post-exercise BLa was higher 
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following CIRC (5.0±0.7 mM) versus TM (2.0±0.3 mM) (P<0.001). RPE, affective valence and 

enjoyment responses did not differ between protocols (P>0.05). CONCLUSION: HR responses 

were near-maximal during CIRC, supporting that this body-weight circuit is representative of 

HIIE.  

 

INTRODUCTION  

It is recommended that children engage in at least 60 minutes of moderate-to-vigorous 

physical activity (MVPA) per day and vigorous PA (VPA) three times per week to promote 

cardiorespiratory and muscular fitness, maintain weight status, and reduce the risk of developing 

cardiovascular disease risk factors that often track into adulthood.103 Nonetheless, many children 

and adolescents do not meet these PA recommendations.104 One strategy to promote MVPA or 

VPA in children and adolescents is high-intensity interval exercise (HIIE), which consists of 

brief bouts of vigorous activity at ≥ 85 – 90% peak heart rate (HRpeak) separated by bouts of rest 

or lower-intensity recovery.5 Recent reviews demonstrate that HIIE may be a time-efficient form 

of exercise to enhance cardiometabolic health in children and adolescents.5, 56 However, the 

majority of prior investigations were performed in a laboratory setting requiring treadmills or 

cycle ergometers which cannot be translated to ‘real-world’ modalities of HIIE.6, 7 Further, the 

majority of these ‘real-world’ or field-based studies utilized HIIE running, as highlighted in a 

review by Bond et al.5 in which 75% of the school-based HIIE studies included in the review 

utilized running-based protocols. Although running-based HIIE is an inexpensive and viable 

strategy to promote VPA, it may not foster the development of other important aspects of PA 

such as motor competence and muscular fitness.65 These components provide a foundation for a 
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healthy and active lifestyle and are strongly related to PA engagement, specifically VPA, and 

physical fitness during childhood and early adulthood.105, 106   

Multi-joint body-weight resistance exercises that emphasize foundational movement 

patterns (i.e., squat, plank, jump) may provide a vigorous physiological stimulus and therefore 

warrant investigation as an alternative to running-based HIIE. To date, few studies have 

investigated this type of HIIE in youth. For example, insertion of interval exercise protocols 

comprising of only body-weight exercises (e.g. push-ups, shuttle runs, skipping) or active-play 

games within secondary school PE significantly improved physical and cognitive measures.16, 17, 

19 However, in previous studies exercise intensity is often only reported as percentage of 

HRpeak,
24, 76 and therefore a full picture of children’s physiological and perceptual responses to 

HIIE remains unclear. Prior to implementing this form of HIIE in an intervention setting, 

research is needed to characterize the intensity of these protocols to determine if they provide a 

vigorous stimulus representative of HIIE that may induce chronic adaptations. Faigenbaum et 

al.12 observed changes in HR and oxygen consumption (VO2) in response to a medicine ball 

protocol in active children. However, exercise HR (61-89% HRpeak) was below the suggested 

threshold for HIIE (i.e. ≥ 85% HRpeak) during the majority of the protocol duration.  

An additional research gap that must be addressed in future studies investigating various 

HIIE protocols in children is the assessment of children’s affective (i.e., feeling state) and 

enjoyment responses given that perceptual responses are correlates of habitual PA and exercise 

adherence throughout the lifespan.14 In adults, brief repeated bouts of VPA similar to HIIE do 

not diminish affective valence and/or enjoyment often experienced during continuous or graded 

vigorous exercise and may not hinder future exercise adherence.107 In adolescents, it appears that 

the intensity at which HIIE is performed influences perceptual responses.74, 108  For example, 
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Malik et al.27 demonstrated more favorable in-task and post-exercise affective valence and 

enjoyment responses to cycling-based HIIE performed at 85% peak power output (PPO) 

compared to 100% PPO. Further, in adolescent boys,74, 108 results indicate higher post-exercise 

enjoyment following cycling/running-based HIIE versus moderate-intensity exercise. 

Nonetheless, there is a paucity of research assessing affective valence and enjoyment responses 

to alternative modes of HIIE, including body-weight or circuit-based protocols, in young boys or 

girls. This is an important topic considering that perceptual responses experienced during 

exercise are predictive of current and future habitual PA participation.14  

Overall, assessing the acute physiological and perceptual responses to body-weight 

resistance HIIE is necessary to determine whether this exercise prescription provides a sufficient 

and enjoyable VPA stimulus that may be effective in improving or maintaining health. 

Therefore, the purpose of this study was to assess the acute cardiometabolic and perceptual 

responses to a novel body-weight resistance exercise circuit (CIRC) and compare these responses 

to a standard treadmill-based (TM) HIIE protocol in boys. Cardiometabolic responses were 

assessed using HR, VO2 and blood lactate concentration (BLa). We hypothesized that CIRC 

would elicit similar changes in VO2 and HR yet greater BLa compared with TM. Second, we 

hypothesized there would be no significant decline in affective valence or exercise enjoyment 

from baseline to post-exercise for TM and CIRC given the shorter work interval duration and 

lower volume compared to previous studies.27  

METHODS 

Participants and Study Design 

Boys ages 8-11 years old were primarily recruited to participate in the study via email 

correspondence to a university-based parent listserv. Secondary recruitment occurred via flyers 
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at local fitness centers. Participation in at least one sport or structured PA program within 12 

months of study participation was required for recruitment purposes to increase the likelihood of 

achieving our target sample size and to ensure ability to perform exercise appropriately with 

limited training. However, the inclusion criteria were broad in order to recruit boys with a wide 

range of activity levels, since sport participation does not ensure youth meet MVPA and VPA 

recommendations or maintain high cardiorespiratory fitness.38 Participant characteristics are 

shown in Table 1. Exclusion criteria included a current orthopedic injury and use of prescribed 

medications that could influence our measures. Ethical approval was obtained by the Michigan 

State University Institutional Review Board. Parents provided written permission and children 

provided written informed assent, and both were informed of the study’s risks and potential 

benefits. Parents reported their child’s date of birth and ethnicity. Using VO2 as the primary 

outcome variable, an a priori power analysis determined that a sample size of 14 would be 

sufficient to detect a moderate effect size (0.5) at a power of 80%.109   

Participants completed three laboratory visits over a 1-2 week period at least 48 hours apart. 

Each visit was completed at least 3 hours post-prandial and was held at approximately the same 

time of day. During the first visit, participants completed baseline surveys, a graded exercise test 

and were familiarized to CIRC. Participants subsequently completed CIRC and TM in a 

randomized and counterbalanced order on the second and third visits.  

Procedures  

Baseline Assessments and Surveys  

Prior to exercise testing, participants completed various surveys consisting of the validated 

Physical Activity Questionnaire for Children (PAQ-C) to determine PA participation110, 111 as 

well as affect and exercise enjoyment questionnaires (refer to Outcome Measures for 
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descriptions). The PAQ-C is a summary PA score of a mean of nine items scored 1 to 5, with a 

higher number representing higher PA. Height was assessed using a wall-mounted, calibrated 

stadiometer (Shorr Board, Olney, MD). Body mass and percent body fat (%BF) were measured 

using bioelectrical impedance (Tanita BC-534, Tanita Corporation, Tokyo, Japan). Body mass 

index was calculated (kg/m2) and classified using percentiles established by the Centers for 

Disease Control and Prevention (CDC) for use in children.112  

Exercise Testing 

Participants were asked to maintain their regular PA throughout the study and were instructed to 

refrain from any VPA (i.e. sporting event) 24 hours prior to each session. Participants completed 

a 5-minute familiarization period on the treadmill (Trackmaster, Newton, KS) and an additional 

2-minute warm-up at a self-selected walking pace. VO2peak and maximal aerobic speed (MAS) 

were determined using an incremental test previously used in adolescents113 with the primary 

goal of determining each participant’s maximal running speed. The protocol started at 5.6 km/h 

and a 1% grade for 30 seconds, after which speed was increased by 0.5 km/h every 30 seconds 

until volitional exhaustion.113 During exercise, gas exchange data were acquired breath-by-breath 

using a portable metabolic system (OxyCon, Vyaire Medical, Yorba Linda, CA), that was worn 

across the back like a back pack. The portable system is a valid and reliable method of 

determining VO2 and VE
114 and is a feasible option to use when extensive free movement is 

required, as in CIRC. Previous research shows that wearing this unit does not affect exercise 

enjoyment in healthy-weight children.115 VO2peak was defined as the highest 10-second average 

VO2 attained during the test. Because not all children experience a plateau in oxygen 

consumption, other criteria were used to verify maximal effort including HRpeak > 190 bpm or a 

respiratory exchange ratio (RER) > 1.0.116 HRpeak was defined as the highest HR attained during 
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the test, and MAS was defined as the running speed eliciting the highest VO2. Following the 

graded exercise test and after a 10-minute rest period, participants were familiarized to CIRC by 

performing one set of the body-weight exercises to practice proper technique and work:rest 

transitions. 

HIIE Protocols 

     Both protocols started with a 5-minute seated period to collect resting HR, VO2, and 

perceptual measures, followed by a 4-minute warm-up. Participants were familiarized with each 

perceptual scale prior to each session and at multiple timepoints during the graded exercise test. 

The CIRC warm-up consisted of dynamic stretches, while the TM warm-up consisted of 

treadmill walking Each protocol had a different warm-up due to their dissimilar movement 

patterns. HIIE protocols had a 1:1 work:rest ratio with 30-second intervals, which is similar to 

previous HIIE studies in youth as well as body-weight interval exercise studies in adults.60, 117 

 The CIRC protocol consisted of eight ‘all-out’ 30-second intervals of dynamic, multi-

joint exercises separated by 30 seconds of active recovery consisting of stepping in place for a 

total duration of 8 minutes. Four body-weight exercises were performed twice in this order: 

mountain climbers, squat jumps, jumping jacks, and burpees. These exercises were chosen to 

represent HIIE (i.e. >85% HRpeak) while requiring variations in exercise intensity, and were 

structured to avoid repeated efforts using the same primary muscle group. Further, the chosen 

exercises are likely appropriate for the majority of young children on the basis that several 

studies have supported the use of resistance-based HIIE in obese youth.118 Participants were 

instructed to complete as many repetitions as possible within each interval and received verbal 

encouragement throughout, but the intensity was self-selected. Research staff ensured proper 

technique throughout each exercise and provided feedback when appropriate. The TM protocol 
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consisted of eight 30-second bouts of running at 100% MAS separated by 30 seconds of walking 

at 40% MAS for a total duration of 8 minutes. Similar to CIRC, participants received verbal 

encouragement throughout.  

Outcome Measures 

Gas exchange data and heart rate: During all sessions, HR was assessed using a heart rate 

monitor (Polar, Woodbury, NY, USA), and VO2 and VE were measured breath-by-breath using 

the identical portable metabolic system. Beat-by-beat HR and breath-by-breath VO2 and VE data 

were averaged into 10-second samples. Mean HR and VO2 were the average of all 10-second 

samples across the 8-minute HIIE protocol, whereas, peak HR and VO2 are the average of the 

last 10-second period of each interval. Lastly, recovery HR and VO2 are calculated as the 

average of each 30-second recovery (i.e. three 10-second samples). HR and VO2 responses 

throughout the entire bout were also quantified using an area under the curve (AUC) approach 

(GraphPad, La Jolla, CA, USA). To determine the time spent engaging in vigorous exercise, 

AUC >85% HRpeak and >70% VO2peak was calculated. A higher total AUC value is representative 

of a greater workload for the entire session; whereas, a higher AUC value for >85% HRpeak and 

>70% VO2peak represents a greater amount of time engaging in vigorous exercise.5, 56 

Blood lactate concentration (BLa): BLa is often used as an indirect marker of exercise 

intensity.119 BLa was measured by drawing a small amount of blood (7 μL) from the fingertip 

using a lancet and a portable analyzer (Lactate Plus, Nova Biomedical, Waltham, MA, USA). 

BLa was measured in a seated position prior to exercise and 3 minutes post-exercise. 

Rating of Perceived Exertion, Affective Valence, and Enjoyment: All perceptual scales were 

administered by the same researcher for all participants during the three visits. Rating of 

perceived exertion (RPE) was assessed with the Children's OMNI-walk/run Scale of Perceived 
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Exertion that includes pictorial and word descriptors to evaluate real-time perceived exertion on 

a 0 to 10 scale, with a higher value indicating greater fatigue.120 The OMNI walk/run scale has 

been validated during walking and running in children, and significant correlations between the 

OMNI walk/run RPE response and VO2 (r = 0.41-0.60) and HR (r = 0.26-0.52)120 have been 

shown. Although participants also completed CIRC, the aerobic exercise OMNI scale was used 

instead of the Children’s OMNI-Resistance Exercise Scale121 since it was unknown if 

participants had previous experience with resistance training, and because two of three sessions 

consisted of aerobic exercise. Affective valence was measured with the Feeling Scale, which was 

used in previous studies in children and adolescents108, 122, 123 and has been validated against 

other affect scales including the Self Assessment Manikin (r = 0.51 – 0.88).122 Participants were 

asked to respond to the statement, ‘how do you feel right now?’ on an 11-point scale ranging 

from very bad (-5) to very good (+5) with anchors given at 0 and all odd integers.124 Perceived 

exercise enjoyment was assessed using a single-item 7-point Exercise Enjoyment Scale125 with 

the instruction, ‘use the following scale to indicate how much you are enjoying this exercise 

session’. Anchors were given at each integer, ranging from ‘not at all’ (1) to ‘extremely’ (7). 

During CIRC and TM, RPE, affective valence, and exercise enjoyment were recorded pre-

exercise, the last 10 seconds of work intervals 3 and 6 (i.e. at 38% and 75% of protocol 

completion), and post-exercise. These timepoints were chosen based on previous literature 

stating that perceptual responses assessed at multiple timepoints during exercise and at the end of 

work intervals best captures the emotional state experienced during HIIE.126    

 To further assess affective valence and enjoyment responses to each session, participants 

completed the Positive and Negative Affect Schedule (PANAS) survey127 and the modified 

Physical Activity Enjoyment Scale (PACES).128, 129 The PANAS and PACES demonstrate high 
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internal consistency (r=0.84-0.85; r=0.87, respectively) and construct validity (r= 0.24 – 0.66) in 

children and adolescents.128 The 20-item PANAS survey includes 10 positive and 10 negative 

words that describe feelings and emotions, with responses on a Likert scale ranging from 1 

(‘very slightly or not at all’) to 5 (‘extremely’) indicating to what extent participants perceived 

each feeling or emotion. Positive and negative affect were scored separately with a range of 10-

50, with a higher score being preferred for positive affect and a lower score being preferred for 

negative affect. To measure overall PA enjoyment and compare this to enjoyment experienced in 

response to each HIIE protocol, participants completed the modified PACES survey129 that 

included 16 questions on a Likert scale ranging from 1 (‘disagree a lot’) to 5 (‘agree a lot’), with 

seven items reverse scored, and scores ranged from 16-80. The PANAS and PACES surveys 

were completed prior to the graded exercise test and at 10 minutes post-exercise following CIRC 

and TM. 

Statistical Analysis 

All statistical analyses were conducted using SPSS version 24 (IBM Corporation, Armonk, NY, 

USA), and descriptive statistics are reported as mean ± SD. Normality for each dependent 

variable was determined by Q-Q plots, and homogeneity was assessed with Mauchly’s test. If 

homogeneity was violated, the Greenhouse-Geisser correction was used. Differences in outcome 

measures between CIRC and TM were compared using three separate analyses. First, we 

compared dependent variables across time (e.g. the work intervals) and protocol (CIRC versus 

TM) using a series of two-way repeated measures analysis of variance (ANOVA) tests. 

Physiological variables were compared throughout the exercise session; whereas, the 

psychological variables were only compared from pre-exercise, work intervals 3 and 6, and post-

exercise. When a significant F ratio was observed, a Tukey’s post hoc test was used to determine 
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differences between means. Second, dependent t-tests were used to examine differences in mean 

cardiometabolic and BLa values between CIRC and TM. AUC analyses were compared with 

paired samples t-tests. Cohen’s d and partial Eta squared were used as measures of effect size, 

and statistical significance was P < 0.05.  

RESULTS  

     The weight status of participants ranged from healthy weight to overweight based on the BMI 

percentiles for children.112 All 17 boys successfully completed each session with no reported 

injuries or adverse events. However, four participants (24%) denied one or both blood lactate 

assessments, and one participant’s cardiorespiratory data were not collected during 4 minutes of 

CIRC due to technical difficulties; these data were removed from the analysis. The final sample 

included BLa data with n=13, cardiometabolic data (HR, VO2, VE) with n=16, and perceptual 

data with n=17.  

Cardiometabolic Responses 

Change in Heart Rate: HR had a main effect for time (P<0.001) and a time by protocol 

interaction (P<0.001) (Figure 1A) with higher HR observed during TM at interval 1 (mean 

difference = 19 ± 13 bpm, mountain climbers) and interval 5 (mean difference = 9 ± 6 bpm, 

mountain climbers). Mean, peak, and recovery HR were not different between CIRC and TM 

(Table 2). Total AUC for HR was similar between protocols (CIRC= 3511 ± 582, TM= 3488 ± 

733 a.u., P=0.95, d= 0.04), while AUC >85% HRpeak was significantly higher in CIRC versus 

TM (616 ± 170 vs. 430 ± 129 a.u., P=0.008, d= 1.27). 

Change in Gas Exchange Variables: VO2 increased during exercise (P=0.001) and a time by 

protocol interaction was observed (P<0.001) (Figure 1B) with higher VO2 during TM at interval 

1 only (mean difference= 7.3 ± 5.2 mL·min-1·kg-1, mountain climbers). Mean, peak, and 
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recovery VO2 were higher in response to TM versus CIRC (P=0.008, P=0.003, P=0.014; 

respectively, Table 2). Total AUC for VO2 was higher in TM (1408 ± 135 a.u.) versus CIRC 

(1268 ± 125 a.u., P=0.007, d= 1.11), but the difference in AUC >70% VO2peak was not  

significantly different between CIRC (203 ± 69) and TM (147 ± 57, P=0.05, d= 0.93). There was 

a significant change in VE across time (p<0.001) but no time by protocol interaction. In response 

to CIRC and TM, VE significantly increased at the onset of exercise and remained stable 

throughout exercise. Session mean VE responses were similar between protocols (P=0.40, Table 

2). 

Blood Lactate concentration (BLa): Pre-exercise BLa values were similar between CIRC and 

TM (P=0.29, Table 2). There was an increase in BLa from pre- to post-exercise (P<0.001) with a 

significant time by protocol interaction (P<0.001). BLa was higher in response to CIRC versus 

TM (P<0.001, Table 2).  

Perceptual Responses  

Rating of Perceived Exertion: RPE increased during exercise (P<0.001) with no time by protocol 

interaction observed (P=0.59) (Figure 2A).  

Affective valence: There was no change in affective valence (Feeling Scale) over time during 

either protocol (P=0.052), and no time by protocol interaction was evident (P=0.91) (Figure 2B). 

Notably, affective valence remained positive at all timepoints (Figure 2B). However, two boys 

reported a value below zero during bout 3 and 6 of CIRC, representing negative affective 

valence; whereas, a different participant reported a value below zero during bouts 3 and 6 of TM. 

There was no change in positive or negative PANAS from baseline to post-exercise for CIRC or 

TM (P>0.05). Baseline and post-exercise positive and negative PANAS scores are presented in 

Table 3. 
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Enjoyment: There was a main effect of time for exercise enjoyment (Exercise Enjoyment Scale) 

(P=0.04) with no time by protocol interaction (P=0.19) (Figure 2C). Exercise enjoyment 

responses remained positive and relatively stable throughout each protocol (Figure 2C). PACES 

decreased from baseline to post-exercise for both protocols (P=0.015), with post hoc analysis 

revealing a significant decrease following CIRC (mean difference = -3.9 ± 4.5, P=0.01) but not 

TM. Baseline and post-exercise PACES scores are presented in Table 3. 

DISCUSSION  

This study examined acute cardiometabolic and perceptual responses to a body-weight 

resistance exercise circuit (CIRC) and compared them to a treadmill-based HIIE protocol (TM) 

in 8-11 year-old boys. Partially consistent with our hypothesis, session mean and peak HR was 

near-maximal and similar between CIRC and TM, yet session mean and peak VO2 was higher in 

response to TM compared to CIRC. In support of our hypothesis, affective valence and exercise 

enjoyment did not differ between CIRC and TM and remained positive at all timepoints for the 

majority of participants. Overall, our findings suggest that body-weight resistance exercise 

provides a vigorous cardiometabolic exercise stimulus in boys, demonstrated by near-maximal 

HR response representative of HIIE (i.e. peak HR > 85% HRpeak), and was perceived favorably. 

Our preliminary findings support the utility of our CIRC protocol to provide a vigorous-intensity 

exercise stimulus representative of HIIE that could be a feasible alternative or addition to 

existing running- or cycling-based HIIE programs in boys.  

Our findings corroborate previous studies that have examined acute cardiometabolic 

responses to various modes of resistance exercise in boys and girls. In physically active boys and 

girls, Faigenbaum et al.11, 12 characterized acute responses to a 10-minute progressive medicine 

ball protocol and a 10-minute fitness rope protocol, both requiring 30 s work interspersed with 
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30 s passive recovery, similar to our study. Both protocols provided a moderate to vigorous 

cardiometabolic stimulus with peak VO2 values equal to 64 – 65 %VO2peak.
11, 12 In the present 

study, peak VO2 during CIRC attained 74%VO2peak (range 61-80 %VO2peak for individual work 

intervals). Faigenbaum et al.11, 12 utilized protocols starting with lower-intensity exercises (i.e. 

chest pass) followed by more complex exercises (i.e. medicine ball slams); whereas, we required 

solely multi-joint and dynamic exercises specifically chosen to represent vigorous-intensity 

exercise, which in part explains the discrepancy in these findings. 

The lower mean oxygen uptake in response to CIRC is likely attributed to the varied 

cardiometabolic responses attendant with the protocol. For example, during CIRC, participants 

revealed the lowest HR (77 – 85 %HRpeak) and VO2 (61 – 70 %VO2peak) during bouts 1 and 5, the 

mountain climbers exercise. In fact, HR and VO2 during TM were higher than CIRC only for this 

particular exercise. These results may be attributed to mountain climbers utilizing smaller muscle 

mass compared to other CIRC exercises and performance in the prone position that did not elicit 

cardiorespiratory responses comparable to treadmill running. Also, participants could have 

performed the exercises less vigorously than intended or held their breath during the mountain 

climbers exercise. Nonetheless, from a public health perspective, it is important to characterize 

the intensity of an entire exercise session as opposed to just considering peak values, as overall 

time spent engaging in VPA is strongly associated with cardiometabolic health.2 Therefore, we 

included an AUC analysis to compare the total exercise intensity between CIRC and TM. 

Although total AUC for VO2 was greater for TM, CIRC provided a more potent physiological 

stimulus since a greater amount of the 8-minute session was spent engaging in vigorous exercise, 

as indicated by greater AUC above the HR and VO2 thresholds of vigorous exercise (>85%  
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HRpeak and > 70% VO2peak). A potential explanation for this finding is that the majority of CIRC 

required greater coordination and muscle mass recruitment compared to running.  

Our assessment of blood lactate concentration provided further insight to the relative exercise 

intensities of each HIIE protocol. Consistent with the present study, a 12-minute 30s:30s 

resistance-based interval protocol consisting of a weighted squat, push-up, and weighted supine 

pull exercise elicited significant post-exercise blood lactate accumulation in adolescents (BLa = 

7.0 mM).15 It is plausible that CIRC exhibited a greater BLa compared to TM because the multi-

joint exercises performed during CIRC required greater fast- twitch recruitment as well as 

greater recruitment of all muscle fiber types, resulting in greater blood lactate accumulation 

compared to treadmill running.130 

Our CIRC and TM protocols elicited near-maximal HR and significant BLa accumulation, 

yet a significant decline in affective valence or exercise enjoyment was not observed. Our novel 

findings that affective valence and exercise enjoyment remained positive during CIRC and TM  

for the majority of participants are important given that exercise enjoyment is a strong predictor 

of habitual PA in children.14 During CIRC, affective valence ranged from +2.3 to +3.4 (in 

between ‘fairly good’ and ‘good’) and exercise enjoyment ranged from 4 (‘moderate’) to 5 

(‘quite a bit’), with no differences between protocols. To our knowledge, there are no data 

regarding perceptual responses to body-weight resistance exercise in boys, yet previous data in 

active adults demonstrated a positive affective state during a body-weight exercise protocol, with 

similar exercise enjoyment compared to moderate-intensity continuous exercise.131 However, 

this finding refutes previous studies, as Malik et al.108 demonstrated a significant decline in 

affective valence from 4 (in between ‘good’ and ‘very good’) to 1 (‘fairly good’) during 

treadmill-based HIIE performed at 90% MAS in adolescent boys. In addition, these boys 



45 

 

experienced a decline in exercise enjoyment during the intervals, yet, similar to our study, it 

remained high post-exercise. A possible explanation for these discrepant findings is the relatively 

brief duration and lower volume of our exercise protocols, which more closely emulate 

children’s normal activity pattern of short bursts of vigorous activity interspersed with periods of 

lighter activity.10 Further, receiving one-on-one verbal encouragement from a research assistant 

as well as the opportunity to use novel equipment (i.e. treadmill) and try new exercises (i.e. 

CIRC) may also be factors contributing to the positive affective valence experienced during 

HIIE. 

Post-exercise enjoyment (PACES) declined compared to baseline for CIRC with no 

differences in post-exercise enjoyment observed between CIRC and TM (Table 3). However, 

enjoyment only declined 3 units following CIRC, so the clinical significance of this finding is 

unknown. The high cardiometabolic demand of CIRC, along with participants being potentially 

unfamiliar with this form of resistance-based exercise, may in part explain the decline in post-

exercise enjoyment in our study. Nonetheless, despite the potent nature of CIRC and TM, mean 

post-exercise PACES scores for CIRC and TM align with those reported by Malik et al.108 

following an 8 x 1 minute cycling-based HIIE protocol in adolescent boys and girls with similar 

cardiorespiratory fitness levels (i.e. VO2peak) to the boys in the present study. Overall, affective 

valence remained positive and enjoyment was high during and after CIRC, suggesting that brief 

intervals of vigorous body-weight resistance exercises interspersed with low-intensity recovery 

periods may be feasible alternatives to traditional running-based HIIE protocols.  However, the 

majority of studies investigating the perceptual responses to various HIIE protocols have utilized 

active children or adolescents and therefore additional work is needed to characterize the 

perceptual responses to such exercise in unfit or obese children. 
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There are several limitations of our investigation. Our sample consisted of recreationally 

active boys with weight status ranging from healthy to overweight, who may or may not have 

been meeting PA recommendations at the study onset given that the inclusion criteria involved 

participation in one sport/structured PA at any timepoint within the last year. Given that our 

sample was habitually active, our findings are not generalizable to sedentary or obese children. 

Further, we did not include girls in the current study due to difficulty in recruiting girls for 

previous resistance-based studies in our lab, and we acknowledge this as a limitation. 

Consequently, follow-up studies investigating the acute response to CIRC in girls are warranted. 

Second, the number of repetitions was not determined during CIRC, as participants were 

instructed to perform the exercises ‘all out’ with form and technique cues provided by the 

researcher. Despite these potential limitations, the present study comprehensively characterized 

the various cardiometabolic and perceptual responses to a practical body-weight resistance 

exercise circuit and compared these responses with treadmill-based HIIE in healthy weight and 

overweight boys. Furthermore, we acquired perceptual responses during exercise at multiple 

timepoints which follows the recommendation of Backhouse et al.126 who stated that in-task 

affective valence responses are stronger predictors of exercise adherence and are more robust 

than only pre-and post-exercise assessments. We also included a novel AUC analysis to capture 

the physiological responses to the entire exercise sessions in addition to traditional analysis 

approaches. Lastly, our study investigated younger boys (8-11 years old) of various fitness and 

activity levels as opposed to active adolescents, whose acute and chronic responses to various 

exercise protocols are widely investigated.5  
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Conclusions 

High-intensity interval training may be an effective modality for improving health 

outcomes in children and adolescents by promoting VPA, yet the majority of data concerning the 

acute and chronic responses to this form of exercise includes treadmill or cycling-based 

protocols that are difficult to implement in school or health promotion settings. Our findings 

support the feasibility of body-weight resistance exercise circuits in providing a cardiometabolic 

stimulus attendant with HIIE in boys. HR and VO2 responses to our body-weight circuit were 

higher than those previously demonstrated for free-weight resistance exercise and comparable to 

medicine ball interval exercise protocols in children.12 The practical implications of the current 

study are noteworthy since the included body-weight resistance exercises are well-tolerated by 

participants and provide a potent exercise stimulus without the use of specialized equipment. 

However, when considering implementing similar protocols within a PA program, protocols will 

likely need to include a variety of body-weight exercises, including those that are partner-based, 

as well as variations in exercise intensity and equipment to maintain interest and enjoyment and 

account for a wide distribution in activity and fitness levels among participants. A few studies 

have investigated the health benefits of circuit-based exercise during physical education,132 but 

they did not address the impact of these programs on influencing the perceptual responses to 

exercise or PA motivation behaviors. This is an important research direction that must be 

pursued in order to further understand the long-term implications of feasible resistance-based 

interval exercise protocols in group-based physical activity settings in children.  
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TABLES 

Table 1. Participant Characteristics (N=17) 

 

 

 

 

 

 

 

 

 

 

 

^BMI=body mass index; According to BMI-for-age percentiles from the CDC. Abbreviations: 

PAQ-C: Physical Activity Questionnaire for Children (range 1-5); VO2peak: peak oxygen uptake; 

HRpeak: peak heart rate. 

 

 

 

 

 

 

 

 

 

Variable Mean ± SD 

Age (years) 9.7 ± 1.3 

Physical Activity (PAQ-C) 3.9 ± 0.7 

Total Annual Sports Teams 2.2 ± 1.1 

% Body Fat 16.6 ± 3.8 

BMI Percentile^ 48.9 ± 25.0 

Maximal Aerobic Speed (km/h) 10.8 ± 1.8 

VO2peak (mL·kg-1·min-1) 45.1 ± 6.0 

HRpeak (bpm) 192 ± 12 
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Table 2. Comparison of Cardiometabolic Responses Between CIRC and TM protocols (N=16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables are presented as Mean ± standard deviation and effect size (d).  Abbreviations: heart 

rate: HR; %HRpeak: percent of peak heart rate; VO2: oxygen uptake; %VO2peak: percent of peak 

oxygen consumption; VE: minute ventilation. *Indicates significant difference between 

protocols. ^ N=13 (4 participants denied measurement of blood lactate) 

Outcome Measure CIRC TM  d 

HR    

 Mean (bpm) 164 ± 12 163 ± 12 0.09 

 Mean (%HRpeak)  86 ± 6% 85 ± 4% 0.20 

 Peak HR (bpm) 169 ± 10  172 ± 10 0.31 

 Peak (%HRpeak) 88 ± 5% 89 ± 4% 0.23 

 Recovery (bpm)   162 ± 14  159 ± 13 0.23 

 Recovery (% HRpeak) 84 ± 7% 82 ± 4% 0.36 

VO2    

 Mean (mL·kg-1·min-1) 30.6 ± 2.8 33.5 ± 2.9* 1.05 

 Mean (% VO2peak) 70 ± 9% 77 ± 5%* 1.00 

 Peak (ml·kg-1·min-1) 33.7 ± 2.6 36.9 ± 3.5* 1.07 

 Peak (%VO2peak) 74 ± 9% 81 ± 6%* 0.95 

 Recovery (ml·kg-1·min-1) 29.5 ± 3.5 32.8 ± 3.8* 0.93 

 Recovery (%VO2peak) 65 ± 9% 72 ± 5%* 0.99 

Mean VE (L·min-1)  47 ± 10  44 ± 10 0.31 

Blood Lactate (mM)^     

 Pre-exercise  1.2 ± 0.5 1.6 ± 1.1 0.49 

 Post-exercise 5.0 ± 0.7 2.0 ± 0.3* 5.80 
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Table 3. Comparison of Perceptual Measures Between CIRC and TM protocols (N=17) 

Measure Scale Baseline  CIRC TM ηp2 

Exercise 

Enjoyment  

PACES  66.9 ± 10.1 63.1 ± 12.3* 65.9 ± 9.8  0.23 

Positive Affect PANAS  34.3 ± 6.3 35.8 ± 7.9 35.9 ± 9.2 0.04 

Negative Affect PANAS 17.5 ± 5.9 15.5 ± 5.2 17.7 ± 5.1 0.08 

 

Variables are presented as Mean ± standard deviation and effect size (partial eta-squared (ηp2)). 

Abbreviations: PACES: modified Physical Activity Enjoyment Scale; PANAS: 20-item Positive 

and Negative Affect Schedule. *Indicates significant difference between baseline and body-

weight circuit  
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FIGURES 

Figure 1. Differences in (A) peak heart rate (HR) and (B) peak oxygen consumption (VO2) in 

response to body-weight resistance exercise (CIRC) and treadmill-based HIIE (TM).  

*P<0.05 between CIRC and TM. 
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Figure 2. Differences in (A) Rating of perceived exertion (Children’s OMNI), (B) Affective 

valence (Feeling Scale), and (C) Exercise enjoyment (Exercise Enjoyment Scale) in response to 

body-weight resistance exercise (CIRC) and treadmill-based HIIE (TM). 
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CHAPTER 3 

Acute Cardiometabolic and Perceptual Responses to Individual and Group-Based Body-weight 

Resistance Exercise in Girls 

 

Jeanette M. Ricci1, Katharine D. Currie1, Todd A. Astorino2, Karin A. Pfeiffer1 

1Michigan State University, East Lansing, MI; 2Department of Kinesiology, California State 

University - San Marcos, San Marcos, California 

 

 

ABSTRACT  

Girls’ acute responses to high-intensity interval exercise (HIIE) in group-based settings are not 

well characterized. PURPOSE: To compare acute responses to treadmill-based HIIE (TM) and 

body-weight resistance exercise (CIRC), and to CIRC performed in a small group setting (Group 

CIRC). METHODS: Nineteen girls (age= 9.1±1.1 years) completed a graded exercise test to 

determine peak oxygen uptake (VO2peak), peak heart rate (HRpeak), and maximal aerobic speed 

(MAS). TM involved eight 30s sprints at 100% MAS. CIRC consisted of 4 exercises of maximal 

repetitions performed for 30s. Each exercise bout was followed by 30s of active recovery. Blood 

lactate concentration (BLa) was assessed pre- and post-exercise. Rating of perceived exertion 

(RPE), affective valence, and exercise enjoyment were recorded at pre-exercise, intervals 3 and 

6, and post-exercise. RESULTS: Mean HR was higher during Group CIRC (92±7 %HRpeak) 

than CIRC (86±7 %HRpeak) and TM (85±4 %HRpeak). Mean VO2 equaled 76±11 %VO2peak for 

CIRC and did not differ from TM (P=0.60). CIRC elicited greater post-exercise BLa versus TM 

(5.8±1.7 vs. 1.4±0.4, P<0.001). Perceptual responses were similar among conditions (P>0.05), 
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and only RPE increased (P<0.001). CONCLUSION: CIRC represents HIIE and was perceived 

favorably in a small group-setting and may be a feasible alternative to running-based HIIE. 

 

INTRODUCTION 

  Evidence suggests that children should engage in vigorous-intensity physical activity 

(VPA) because it is strongly associated with several indices of cardiometabolic health, including 

improved cardiorespiratory fitness, body composition, and a reduction in cardiovascular disease 

risk factors, more so than light or moderate intensity activities.2 Given that only approximately 

17% of girls meet the national recommendation for moderate-to-vigorous PA (MVPA), 

significantly less than boys, it is clear that children do not engage in adequate amounts of VPA, 

especially girls.133 Therefore, it is warranted to investigate effective strategies for girls to obtain 

VPA. One strategy to promote VPA that has been increasingly studied in youth and adult 

populations is high-intensity interval exercise (HIIE), more commonly referred to as ‘HIIT’5. 

Although preliminary evidence supports the efficacy of HIIE in promoting cardiometabolic 

health in youth,6, 134 many studies have been performed with treadmills or cycle ergometers in 

laboratory environments with limited applicability to field-based settings.5  

 Recently, investigators have implemented HIIE protocols that incorporate muscular 

fitness and motor competence outcomes in children, including body-weight exercises and active-

play games.16-18, 76 These preliminary results report improvements in physical and/or cognitive 

measures,16-19, 76 but the exact exercise intensity and cardiometabolic demands provided by these 

protocols remains unclear. Prior to implementing these non-traditional HIIE protocols as an 

intervention, there is substantial need to conduct empirical studies to examine if they provide a 

stimulus representative of HIIE and elicit appropriate hemodynamic responses (i.e. blood 
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pressure [BP]) that are ultimately required to induce chronic health-related adaptations. To date, 

one study in our laboratory135 has characterized the acute cardiometabolic (i.e. oxygen 

consumption [VO2] and heart rate [HR]) responses to an 8-minute body-weight resistance circuit 

in young boys and found it to be representative of HIIE with reported peak HRs attaining > 85% 

HRpeak. However, it is unknown if circuit-based exercise can provide a vigorous cardiometabolic 

stimulus comparable to running-based HIIE in young girls, especially when applied to group-

based settings. 

 In addition to the cardiometabolic responses attendant with participation in HIIE,5 this 

form of exercise may demonstrate more favorable perceptual responses (i.e., enjoyment and 

affective valence [mood]) in children compared to moderate-intensity continuous exercise.27 We 

recently demonstrated high exercise enjoyment and positive affective valence during a body-

weight resistance exercise HIIE protocol in young boys.135 Others have investigated perceptual 

responses to treadmill- or cycle-based HIIE protocols, but all been individually performed 

protocols.27, 74, 108, 135 Since children often engage in PA in group settings, such as sport practices 

or physical education classes, and rarely engage in PA on their own, it is important to assess 

children’s perceptual responses and acceptability towards group-based HIIE. Given that 

literature in adults suggests that individuals prefer to exercise in group settings,29 promoting 

group cohesion during HIIE may be associated with higher exercise enjoyment in children.26, 67  

 Overall, it is imperative to assess children’s cardiometabolic and perceptual responses to 

HIIE performed individually and in group settings to better understand if this form of exercise is 

an attractive strategy to promote VPA on a broader public health level. It is especially important 

to investigate this in girls, given they often present lower levels of PA and motor competence 

compared to boys136 and experience steeper declines in PA and cardiorespiratory fitness during 
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adolescence than boys.133 Therefore, the purpose of this study was to compare girls’ acute 

cardiometabolic and perceptual responses between treadmill-based HIIE (TM) and a body-

weight resistance exercise circuit (CIRC) performed individually, and to CIRC performed in a 

small group setting (group CIRC). We hypothesized that CIRC would elicit similar changes in 

VO2, HR, and BP during exercise, yet greater blood lactate concentration (BLa) post-exercise, 

compared to TM. Second, based on our previous findings in boys, for each condition we 

hypothesized that there would be no significant decline in affective valence or exercise 

enjoyment during and post-exercise compared to pre-exercise. Further, we hypothesized that 

participants would demonstrate more positive perceptual responses at all timepoints during 

group-based CIRC compared to individually performed protocols since relatedness with peers 

and group exercise are related to higher exercise enjoyment in children and adults.28, 29 Lastly, 

we hypothesized that > 50% of girls would enjoy performing CIRC in a small group versus on 

their own and that > 50% of girls would be willing to try group CIRC in their physical education 

classes.   

METHODS 

Participants and Study Design  

 Girls ages 8-11 years old were recruited primarily via email correspondence through a 

university-based listserv, and secondary recruitment was accomplished with flyers placed at a 

local fitness studio. Inclusion criteria were broad in order to recruit girls with various sport 

experience and cardiorespiratory fitness levels. Participation in at least one sport or structured 

physical activity within the past year of study onset was required to achieve our target sample 

size and to ensure that participants could perform the exercises appropriately with limited 

training. Exclusion criteria included an underlying health condition or orthopedic injury, 
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prescribed medications that could influence exercise responses, and/or a ‘yes’ response to a 

standard Physical Activity Readiness Questionnaire for Children and Adolescents. Parents’ 

written permission and children’s written informed assent were obtained, and parents reported 

the child’s date of birth, ethnicity, and both biological parents’ standing height. Study approval 

was provided by the Michigan State University’s Institutional Review Board. An a priori power 

analysis was conducted to determine that a sample size of 15 would be sufficient to detect a 

moderate effect size (0.5) for the primary outcome variable HR among conditions at a power of 

80%.109 Our sample size is similar to previous studies comparing acute responses between 

different HIIE protocols in children and adolescents.12, 135  

 Participants completed four separate laboratory visits over a 1-2 week period with all 

sessions held at least 48 hours apart and each visit occurring at least 3 hours post-prandial at 

approximately the same time of day. Participants were instructed to refrain from any VPA or 

sport competitions 24 hours before each visit. During the first visit, participants completed 

baseline surveys, anthropometrics, and a graded exercise test. Subsequently, participants 

completed TM and CIRC on separate days in a randomized and counterbalanced order, and lastly 

completed group-based CIRC in a group of 3-4 participants. 

Procedures 

Baseline Assessments and Surveys  

 Participants completed baseline questionnaires assessing habitual PA and PA self-

efficacy to further characterize the study sample, as well as positive and negative affect and 

exercise enjoyment surveys, as described below. Participants’ habitual PA was assessed via the 

Physical Activity Questionnaire for Children (PAQ-C) which provides a summary score using a 

mean of nine items scored 1 to 5, with a greater number representing higher PA.111 The PAQ-C 
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is a valid measure for assessing PA in children on a population level according to expert 

review.110 To further characterize our study sample, participants completed the 5-item PA self-

efficacy subscale of the Health Behavior Questionnaire at baseline, which is reported as the sum 

of the 5 items with a possible score of 0-15 (a higher score indicates greater PA self-efficacy).137 

The self-efficacy subscale of the HBQ has demonstrated adequate internal reliability (α = 0.67 – 

0.69) and construct validity.138 Following completion of all surveys, standing and seated height 

and weight were assessed using a calibrated stadiometer (Shorr Board, Olney, MD) and weight 

scale (Tanita BC-534, Tokyo, Japan), respectively. Body mass index (BMI) percentile was 

calculated according to the BMI-for-age percentiles established by the Centers for Disease 

Control and Prevention.112 Predicted age at peak height velocity was estimated using 

anthropometric measures as a valid indicator of girls’ maturity status.139  

Exercise Testing  

 During the initial visit, participants completed a 5-minute familiarization period of 

walking on the treadmill (Trackmaster, Newton, KS) without wearing equipment and 

subsequently completed the surveys. Next, participants remained seated for 5 minutes to collect 

resting measures prior to completing a 2-minute warm-up at a self-selected walking pace on the 

treadmill. Participants then completed an incremental test on the treadmill to determine peak 

oxygen consumption (VO2peak), HRpeak, and maximal aerobic speed (MAS).113 The test started at 

a speed of 5.0 km/h with grade fixed at 1% throughout the test, and subsequently speed was  

increased by 0.5 km/h every  30 s  until volitional exhaustion.113 During exercise, HR was 

assessed continuously with a HR monitor (Polar, Woodbury, NY, USA) worn across the chest, 

and breath-by-breath gas exchange data were acquired using a portable metabolic analyzer 

(OxyCon, Vyaire Medical, Yorba Linda, CA). The unit was calibrated according to 
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manufacturer’s instructions prior to exercise, and participants breathed into a Hans Rudolph 

child-sized facemask that was attached to the unit which was worn like a backpack. The portable 

system provides valid and reliable measures of VO2 
114 and was selected as a more appropriate 

alternative to the standard metabolic cart since extensive free movement was required during 

CIRC. VO2peak and HRpeak were defined as the highest 10 s average VO2 and HR, respectively, 

during the test, and MAS was defined as the speed on the treadmill eliciting the highest VO2 

during the test. In addition to VO2peak, maximal effort was verified using established criteria in 

children including a respiratory exchange ratio > 1.0 and HRpeak > 190 bpm.116 Blood pressure 

was assessed with an automated motion-tolerant auscultatory monitor (Tango, M2, SunTech 

Medical, Morrisville, NC). Arm circumference was measured to determine the appropriate cuff 

size. Prior to exercise, resting BP was recorded 3 times with 2-minute intervals between 

measures while seated, with resting systolic BP (SBP) and diastolic BP (DBP) calculated as the 

average of the 3 measures. BP was also recorded once immediately after the graded exercise test. 

Participants rested for 10 minutes following the exercise test and subsequently completed a 

familiarization session for the CIRC protocol consisting of one set of each exercise to practice 

proper technique.  

HIIE Protocols  

 Prior to performing the individual CIRC and TM protocols, participants were seated for 6 

minutes to allow measurement of resting VO2, HR, BP, and pre-exercise perceptual responses. 

Then, they completed a 3-minute warm-up on the treadmill at a self-selected walking pace. 

Participants were familiarized with each perceptual scale prior to each session. Following 

exercise, participants completed a 2-minute recovery on the treadmill at the same speed as the 

warm-up. Identical warm-up and cool-down speeds were used for CIRC and TM protocols. 
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Group CIRC involved completing the CIRC protocol in a small group of 3-4 participants in a 

private dance studio space. Participants did not know each other prior to the group visit, but a 

brief ice breaker and introduction session were provided prior to completing this protocol. For 

group-based CIRC, participants were seated on the floor for 6 minutes to determine resting HR 

and record pre-exercise perceptual responses, and they subsequently completed a 3-minute 

warm-up consisting of walking laps around the dance studio. Recovery for group-based CIRC 

consisted of walking laps for 2 minutes. Each HIIE protocol had a 1:1 work:rest ratio consisting 

of 30 s intervals, which is similar to previous HIIE studies in children and adults.12, 135 A shorter 

interval duration was cautiously selected since it was unknown how long participants would be 

able to perform each body-weight exercise at an ‘all out’ intensity while maintaining proper 

form.  

 The CIRC protocol was an 8-minute session consisting of two sets of four exercises 

performed ‘all-out’ for 30 s followed by 30 s of active recovery stepping in place. The exercises 

performed included mountain climbers, squat jumps, burpees, and jumping jacks that were 

performed in this order to avoid repeated efforts with the same primary muscle group. These 

specific exercises are multi-joint movements involving foundational movement patterns, such as 

the squat, and are vigorous and representative of HIIE in boys.135 Further, it is likely that these 

exercises are appropriate for most children since a previous study documents the use of 

resistance-based HIIE in obese youth.118 Participants were encouraged to complete as many 

repetitions as possible during each interval, and the total number of repetitions for each set was 

recorded. During both individual and group-based CIRC, participants received verbal 

encouragement to complete the same number of repetitions in the second set as the first set in 

order to maintain effort during the protocol. In addition, feedback was consistently provided to 
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maintain appropriate form and technique. Gas exchange data, BP, and BLa were not assessed 

during group CIRC. The TM protocol was also 8 min long and consisted of eight 30 s sprint 

efforts at 100% MAS interspersed with 30 s of active recovery at 40% MAS. Participants also 

received verbal encouragement throughout TM.   

Outcome Measures 

 Oxygen consumption and heart rate: VO2 was continuously recorded during all sessions 

(except group-based CIRC) using the portable metabolic unit. In addition, HR was recorded 

continuously with the portable heart rate monitor. Breath-by-breath and beat-by-beat HR data 

were averaged and expressed in 10 s intervals. Mean HR and VO2 were represented as the 

average of all 10-second samples across the 8-minute HIIE protocols; whereas, the average of 

the last 10 seconds of each work interval represent peak HR and VO2. Recovery HR and VO2 

comprised the average of each 30-second recovery interval (i.e. three 10-second samples). VO2 

(individual protocols only) and HR responses across the 8 minutes were graphed to quantify area 

under the curve (AUC) (GraphPad, La Jolla, CA, USA). Total AUC was calculated, with a 

higher value indicating a greater session workload. Time spent engaging in vigorous exercise 

was determined as AUC > 85% HRpeak and >70% VO2peak.
5,135  

Blood Pressure: To further characterize cardiovascular strain and work effort, BP was measured 

during the graded exercise test and individually performed HIIE protocols. BP was assessed prior 

to exercise, during rest interval 7 (i.e. exercise BP), and 5-minutes post-exercise.  

Blood lactate concentration (BLa): BLa was measured by using a lancet to draw a small amount 

of blood (7 μL) from the fingertip, which was then analyzed using a portable blood lactate 

analyzer (Lactate Plus, Nova Biomedical, Waltham, MA, USA). BLa was assessed pre-exercise 
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prior to collecting resting measures and at 3-minutes post-exercise following individually 

performed CIRC and TM protocols. 

Rating of Perceived Exertion, Affective Valence, and Enjoyment: Participants were given 

standardized instructions by the same researcher to record these outcomes. Rating of Perceived 

Exertion (RPE) was recorded with the validated Children's OMNI-walk/run Scale of Perceived 

Exertion which includes pictorial and word descriptors on a 0 to 10 scale, with a higher value 

indicating greater overall fatigue.120 The OMNI scale has previously demonstrated strong 

intraclass reliability (r=0.95) and has been validated against objective %VO2peak and %HRpeak 

measures in children (r=0.86 – 0.89).140 The OMNI walk/run scale was used instead of the 

OMNI resistance exercise scale because 2 of the 4 sessions consisted of treadmill exercise, and 

the resistance training scale has pictorial images of lifting weights, which was not performed. 

Aligning with previous research in children and adolescents, affective valence was assessed with 

the Feeling Scale.74, 124, 135 The Feeling Scale is an 11-point valence scale ranging from -5 (‘very 

bad’) to +5 (‘very good’) and has been validated against previous assessments including the 

valence scale of the Affect Grid (r=0.41-0.59).141 To record affective valance, participants were 

asked to respond to the question, ‘how do you feel right now?’ with anchors given at 0 and all 

odd integers. Perceived exercise enjoyment was assessed using a single item from the 4-item 

physical activity enjoyment visual analog scale, the How(e) Happy Scale, that was previously 

validated in children.142 The stem was modified and participants were asked to respond to the 

question, ‘compared to the physical activities you are used to doing, how much are you enjoying 

this one right now?’ on a Likert scale ranging from 1 (‘not at all’) to 4 (‘a lot’). During all 

protocols, perceptual responses were recorded pre-exercise, during the first 10 s of recovery 

intervals 3 and 6, and immediately post-exercise. Perceptual responses were assessed during 
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recovery intervals to avoid biases during group-based CIRC, in which participants indicated their 

perceptual response by holding the appropriate number of finger(s) behind their backs for 

researchers to record, which would not be possible during the work intervals. Participants 

practiced this assessment procedure during the individually performed CIRC protocol.  

 To further characterize affective valence and enjoyment responses to each protocol, 

participants completed the 10-item Positive and Negative Affect Schedule (PANAS) survey143 

and the modified Physical Activity Enjoyment Scale (PACES).129 The PANAS and PACES 

surveys have both demonstrated strong internal consistency (r=0.84-0.85; r=0.87, respectively) 

in children.143 The 10-item PANAS survey includes 5 positive and 5 negative words that 

describe different feelings and emotions. Participants were instructed to indicate to what extent 

they perceived each feeling or emotion on a Likert scale ranging from 1 (‘very slightly or not at 

all’) to 5 (‘extremely’) over the past few weeks. Positive and negative affect were scored 

separately with a range of 5-25, with a higher score preferred for positive affect and a lower 

score preferred for negative affect. The modified PACES survey included 16 items regarding 

enjoyment towards being physically active, with responses ranging from 1 (‘disagree a lot’) to 5 

(‘agree a lot’).129 Seven items were reversed scored with an overall score ranging from 16-80 

with a greater score indicative of higher exercise enjoyment. Participants completed these 

surveys once prior to the graded exercise test to determine overall PA enjoyment and at 15 

minutes post-exercise following each of the three protocols to compare overall PA enjoyment to 

the enjoyment experienced following each HIIE protocol. 

Acceptability for CIRC: Following group-based CIRC, participants completed a one-on-one 

acceptability interview with a trained research assistant regarding preference for performing 
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CIRC individually versus in a small group, and the likelihood of performing CIRC in the future. 

Acceptability data are reported as proportion of sample for selected questions.  

Statistical Analysis  

 Descriptive statistics are reported as mean ± standard deviation (SD). Normality for each 

outcome measure was determined with Q-Q plots, and Mauchly’s test was used to assess 

homogeneity. The Greenhouse-Geisser correction was used when homogeneity was violated. For 

measurements that were only assessed during individual CIRC and TM, we performed the 

following analyses: 1) Dependent t-tests were used to determine differences in mean and peak 

VO2, recovery VO2, VO2 AUC, mean BLa, and BP values. 2) A series of 2-way repeated 

measures analysis of variance (ANOVA) tests determined differences and potential interactions 

among VO2 and BLa responses across time (each work interval for VO2; pre- and post-exercise 

for BLa) and protocol. The dependent variable for VO2 was the average responses for the last 10 

s of each work interval. For measurements that were performed during all 3 conditions (i.e., 

individual CIRC, group-based CIRC, and TM), we performed the following analyses: 1) 

Separate, one-way repeated measures ANOVAs determined differences in mean and peak HR, 

recovery HR, and HR AUC values among the three exercise conditions. 2) Three-way repeated 

measures ANOVA tests were used to determine differences and potential interactions among HR 

and perceptual responses across time. The dependent variable for HR was the average responses 

for the last 10 s of each work interval. The dependent variables for RPE, affective valence, and 

exercise enjoyment were assessed by time (pre-exercise, intervals 3 and 6, and post-exercise) and 

protocol. Bonferroni’s post-hoc test was used to examine mean differences when a significant F 

ratio was observed. Repetitions performed in each interval between individual CIRC and group-

CIRC were compared with dependent samples t-tests. Cohen’s d and partial eta squared (ηp2) 
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were used as measures of effect size, and statistical significance was set at P< 0.05.109 All 

statistical analyses were conducted using SPSS version 24 (IBM Corporation, Armonk, NY, 

USA).  

RESULTS 

 All 19 girls completed each session with no adverse events, defined as no injuries or 

cardiovascular events. Participant characteristics including mean PA self-efficacy results are 

displayed in Table 4. Participants ranged from healthy (5th to < 85th percentile) to overweight 

(85th to < 90th percentile) according to the CDC percentiles for children.112 Participants with 

missing data were excluded from the analysis. Specifically, four participants were removed from 

the HR analysis for individual protocols and five removed for analyses involving Group CIRC, 

two were removed from the VO2 analysis, and five were removed from BP analysis due to 

technical difficulties experienced during the session. Missing data for perceptual scales were 

missing for at least one time point for three girls and were excluded from the analysis. Lastly, 

seven participants denied measurement of BLa.  

Cardiometabolic Responses  

Mean cardiometabolic responses to each exercise condition with effect sizes are presented in 

Table 5. 

 Heart Rate: Mean HR was significantly different among protocols (F(2,26)= 12.40, P<0.001, 

ηp2= 0.49). Specifically, mean HR was significantly greater in response to Group CIRC versus 

individual CIRC (P= 0.001) and TM protocols (P= 0.004). There was no difference among 

protocols observed for peak HR (F(2,28)= 1.59, P= 0.22, ηp2= 0.10). Recovery HR differed 

among protocols (F(2,28)= 34.41, P<0.001, ηp2= 0.71), with participants exhibiting higher 

recovery HRs in response to Group CIRC versus individual CIRC (P<0.001) and TM (P<0.001), 



68 

 

and individual CIRC versus TM (P= 0.04). Total AUC for HR was similar among protocols 

(F(2,24)= 0.35, P= 0.71, ηp2= 0.03); whereas, AUC > 85%HRpeak differed among protocols 

(F(1.2,14.7)= 18.44, P<0.001, ηp2= 0.61). AUC > 85%HRpeak was a significantly higher in 

response to Group CIRC versus individual CIRC (P= 0.02) and TM (P= 0.002), and individual 

CIRC versus TM (P= 0.003). Sample HR AUC data from a participant are presented in Figure 

3A. Heart rate increased during exercise (P<0.001), and a time by protocol interaction was 

evident (F(14, 168)= 17.51, P<0.001, ηp2= 0.59). Post hoc tests revealed a greater HR response 

during TM at interval 1 (vs. mountain climbers) compared to CIRC and Group CIRC (P<0.05). 

HR was higher in response to Group CIRC at interval 3 and 4 compared to individual CIRC and 

TM protocols (P<0.05). During intervals 5-8, HR was greater in response to CIRC and Group 

CIRC compared to TM (P<0.05). 

Gas Exchange Variables: Mean, peak, and recovery VO2 were not different between individual 

CIRC and TM protocols (t(17)= 0.15, P= 0.88; t(17)= -.36, P= 0.72; t(17)= 1.28, P= 0.22, 

respectively). Total AUC for VO2 was similar between protocols (t(17)= -0.03, P= 0.97); 

whereas, AUC > 70% VO2peak was significantly higher in response to CIRC versus TM (t(17)= 

2.69, P= 0.02). Sample VO2 AUC data from a participant are presented in Figure 3B. VO2 had a 

main effect for time (P<0.001) and there was a time by protocol interaction (F(7,112)= 5.55, 

P<0.001, ηp2= 0.26). Post hoc analysis revealed that VO2 was significantly higher during TM at 

interval 1 (vs. mountain climbers). 

Blood Pressure: Mean BP responses immediately following the graded exercise test were 158/56  

± 25/14 mmHg. SBP increased by 39 ± 9 mmHg from rest to exercise during TM, which was 

significantly greater than the 25 ± 13 mmHg increase in SBP in response to CIRC (t(11)= -3.19, 

 



69 

 

P= 0.01, d= 1.31). DBP remained relatively stable from rest to exercise for both protocols, and 

did not differ between protocols (t(11)= 0.89, P= 0.40, d= 0.29).  

Blood Lactate: There was no difference in pre-exercise BLa values prior to CIRC or TM (t(11)= 

-0.43, P= 0.68). BLa significantly increased from pre- to post-exercise (P<0.001) with a time by 

protocol interaction evident (F(1,11)= 87.41, P<0.001, ηp2= 0.89). Results showed that CIRC 

exhibited a greater BLa compared to TM (P<0.001).  

Perceptual Responses  

Rating of Perceived Exertion: A main time effect for RPE was evident (F(1.8, 26.5)= 53.65, 

P<0.001, ηp2= 0.78) with no time by protocol interaction observed among protocols (P= 0.054) 

(Figure 4A). The highest mean RPE value attained was at interval 6 for all protocols (CIRC = 6 

± 2); Group CIRC = 6 ± 3; TM = 5 ± 3).  

Affective Valence: Affective valence remained positive at all time points and did not change over 

time during exercise (F(3,45)= 2.15, P= 0.12, ηp2= 0.13). Furthermore, no time by protocol 

interaction was observed (P= 0.35) (Figure 4B). Affective valence remained favorable for most 

participants during all exercise conditions with one girl reporting a value of -1 (i.e. negative 

affect) during intervals 3 and 6 for TM and group CIRC protocols. A different girl reported a -1 

value during intervals 3 and 6 during individually performed CIRC. There was no change in 

positive of negative PANAS scores from baseline to post-exercise among protocols (F(3,54)= 

0.54, P= 0.66, ηp2= 0.03) (Table 6).  

Enjoyment: There was no time effect for exercise enjoyment (How(e) Happy Scale) (F(3,45)= 

0.49, P= 0.69, ηp2= 0.03) with no difference in enjoyment scores among protocols (P= 0.051) 

(Figure 4C). Exercise enjoyment remained high during all exercise conditions for most 

participants with only one participant reporting a score of 1 (‘not at all’) during interval 3 of 
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individual and group-based CIRC protocols. No changes in PACES scores were evident from 

baseline to post-exercise following the three protocols (F(3, 51)= 1.21, P= 0.31, ηp2= 0.07) (Table 

6).   

Acceptability of CIRC 

One-on-one acceptability interviews conducted after Group CIRC revealed that most girls 

preferred performing CIRC in a group versus individually (Figure 5A). Reasons for preferring 

group CIRC included that it was ‘more fun and encouraging’ (n=4) and ‘more motivating’ (n=6) 

compared to completing CIRC individually. Further, wearing or not wearing the portable 

metabolic unit did not significantly affect exercise condition preference. Many girls expressed 

that they would also be willing to try CIRC during their Physical Education classes (Figure 5B). 

To further characterize potential differences among individual and group-based exercise, the 

number of repetitions during each interval for individual and group-based CIRC conditions were 

compared. Girls performed a significantly greater number of repetitions during Group CIRC 

versus individual CIRC for interval 1 (mountain climbers), interval 3 (burpees), and interval 7 

(burpees) (Figure 6).  

DISCUSSION  

 This study characterized active girls’ acute cardiometabolic and perceptual responses to 

an individual and group-based body-weight resistance exercise circuit (CIRC) compared to a 

traditional treadmill-based HIIE protocol (TM). Our first hypothesis was partially supported, as 

mean VO2 responses were similar between CIRC and TM, yet mean HR was greater in response 

to group CIRC. Also, CIRC elicited a greater BLa. Consistent with our hypothesis, there was no 

decline in affective valence or exercise enjoyment during any exercise protocol. However, 

inconsistent with our hypothesis, girls did not experience greater affective valence or enjoyment 
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during group-based CIRC compared to individually performed CIRC, although perceptual 

responses remained positive at all timepoints for all but one participant and the majority of girls 

preferred Group CIRC. Overall, our findings support that body-weight resistance exercise can be 

performed at near-maximal intensities (i.e. peak HR >85% HRpeak) in individual or small group 

settings in girls and may be a feasible alternative to running- or cycling-based HIIE protocols.  

 Our findings are consistent with previous literature investigating acute cardiometabolic 

responses to resistance-based HIIE in children. We previously characterized HR, VO2, and BLa 

responses to a similar 8-minute body-weight resistance exercise protocol in recreationally active 

boys and demonstrated near-maximal intensities with values representing 70% VO2peak and 88% 

HRpeak with an elevated post-exercise BLa of 5.0 ± 0.7 mM.135 In the present study, VO2 and HR 

attained 76% VO2peak and 85% HRpeak, respectively, with post-exercise BLa equal to 5.8 ± 1.7 

mM in response to CIRC. In the boys’ study, mean VO2 in response to the body-weight 

resistance exercise protocol was lower compared to a treadmill-based HIIE protocol. However, 

in the present study mean VO2 responses were similar between individually performed protocols. 

In the current study, the number of repetitions was counted during each set, and girls were 

encouraged to achieve at least the same number of repetitions in the second set. These repetition 

goals were not used in the boys’ study, which may explain the comparable VO2 responses 

between the body-weight resistance exercise and treadmill-based HIIE in the present study. The 

current study also examined responses to group-based CIRC and observed higher HRs than both 

individual CIRC and TM protocols. Performing CIRC in a group environment may have 

provided additional motivation and work effort, which may be an explanation for the higher 

mean HRs experienced during Group CIRC. Secondly, the girls were not wearing the metabolic 

unit during Group CIRC and were accustomed to the protocol, both of which may also explain 
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the higher exercise intensity in response to Group CIRC. Previously, Faigenbaum et al.12, 13 used 

a different approach to motivate participants by having them perform various equipment-based 

HIIE protocols to a desired cadence with the goal of achieving a specific number of pre-

determined repetitions. However, participants’ cardiometabolic responses were not 

representative of HIIE (i.e. 28 to 64% VO2peak). Based on our findings and previous work, 

practitioners may need to provide additional motivation by encouraging group-based exercise 

and/or individualized target repetition ranges, as well as longer learning periods, to children 

performing body-weight resistance exercise HIIE versus treadmill-based protocols in order to 

achieve vigorous cardiometabolic responses required to promote long-term health benefits 

attendant with HIIE.144  

 Because time spent engaging in VPA is associated with cardiometabolic health in 

children,2 it is important to examine the overall dose of VPA provided by CIRC and TM. We 

conducted AUC analyses in order to reveal the total exercise intensity attendant with CIRC and 

TM.135 Although total AUC for HR was similar among the three protocols and total AUC for 

VO2 was similar between individually performed protocols, AUC > 85% HRpeak was 

significantly higher for both CIRC conditions compared to TM. Also, AUC > 70% VO2peak was 

significantly higher in response to individual CIRC versus TM. This indicates that girls spent a 

greater amount of time engaging in VPA during circuit-based exercise compared to treadmill 

running, and accumulated an even greater amount of VPA during group-based CIRC. These 

findings suggest that body-weight resistance exercise performed in a group environment 

provided a more potent physiological stimulus compared to individual exercise, likely due to the 

group environment providing greater motivation and work effort. These findings expand on our 

previous work that examined AUC responses to individually performed body-weight resistance 
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exercise in boys.135 A potential explanation for our finding is that the majority of the exercises 

included in CIRC required greater contraction of a greater muscle mass and likely higher force 

compared to running, resulting in greater amounts of VPA during CIRC. Based on current and 

previous findings, body-weight resistance exercise appears to elicit VPA in boys and girls, 

especially when performed in a group setting, and can be easily incorporated into existing PA 

programming.      

To our knowledge, this is the first study to characterize BP responses to body-weight 

resistance exercise and compare them to a treadmill-based HIIE protocol in young children. The 

hemodynamic strain imposed by CIRC and TM was lower than that of maximal exercise testing, 

which provides evidence for the safety of these HIIE protocols. Nonetheless, SBP increased 

significantly during CIRC and TM compared to pre-exercise with similar responses between 

protocols, suggesting that body-weight resistance exercise induces a similar hemodynamic 

response attendant with running. Similar to the current study, Burns et al.145 demonstrated 

elevated SBP immediately following two bouts of 30-second sprints on a cycle ergometer 

interspersed with 4 minutes of recovery in active adolescents, and Tallon et al.146 reported a 

significant increase in mean arterial blood pressure immediately following a 6 x 1-minute 

cycling HIIE protocol in young boys and girls. Overall, our findings in girls corroborate with 

previous findings and suggest that body-weight resistance exercise provides an appropriate 

cardiovascular stimulus.5   

 Despite the high-intensity nature of CIRC and TM that elicited an increase in RPE, our 

finding that individual and group-based HIIE protocols did not induce a decline in affective 

valence or exercise enjoyment for the majority of girls is important given that they are predictors 

of PA participation across the lifespan.14 During individual and group-based CIRC, affective 



74 

 

valence remained relatively stable between 3.1 and 3.4 (‘good’), and enjoyment ranged from 3.1 

to 3.3 (‘a little’), with no difference between conditions. Similarly, our previous data in young 

boys demonstrated positive in-task affective valence and enjoyment responses during an 

individually performed body-weight resistance exercise protocol.135 Our results differ from those 

observed in adults, as Roloff et al.147 demonstrated significant decreases in affective valence with 

increases in oxygen uptake during cycling-based HIIE. Perceptual responses to treadmill-based 

HIIE have been previously examined in adolescents, with one study demonstrating a significant 

decline in affective valence during exercise.74 Our findings refute those of Roloff et al.147 and 

Malik et al.74 potentially due to the lower work volume used in the current study. Roloff et al.147 

used 3 x 3 minute and 5 x 4 minute protocols and Malik et al.74 utilized an 8 x 1 minute protocol, 

containing more volume than our 8 x 30 second protocol. An additional explanation for our 

findings is that girls in the present study had relatively high PA self-efficacy (Table 4) and may 

have perceived our HIIE protocols favorably since self-efficacy is a strong predictor of VPA in 

children.148  

 Compared to participants’ overall PA enjoyment and affective state (assessed with the 

PACES and PANAS, respectively), post-exercise enjoyment or affect did not differ from 

baseline or among protocols. Our mean post-exercise PACES scores for individual and group-

based CIRC conditions align with those reported by adolescents following an 8 x 1 minute 

cycling HIIE protocol,108 suggesting that body-weight resistance exercise elicits similar 

favorable enjoyment responses as traditional cycling-based HIIE. Although additional research is 

needed to characterize the perceptual responses to this form of HIIE in obese or unfit children, 

our preliminary findings that group-based CIRC was enjoyable for the majority of participants 
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are encouraging, given that children rarely exercise on their own and need feasible ways for 

engaging in VPA in group settings.   

 To expand on findings from previous studies examining acute perceptual responses to 

HIIE in children, we conducted one-on-one acceptability interviews with all participants at the 

conclusion of the study. Overall, 79% of participants preferred performing CIRC in a small-

group versus an individual setting because it was more ‘fun’ and ‘motivating’. These results 

were expected, given that relatedness with peers is related to high exercise enjoyment in children 

26. Interestingly, the notion that most participants found the group setting to be more motivating 

translated to a greater work effort during group-based CIRC. For example, girls performed a 

greater number of repetitions for 3 of the 8 sets during group-based CIRC compared to 

performing CIRC on their own, corresponding with greater HR response experienced during 

group-based CIRC. Nonetheless, three participants preferred exercising alone because it was 

‘easier to focus’ and ‘no one was watching [them]’. This information is insightful and highlights 

that a best practice may be to have children, especially girls, engage in exercise stations in small 

groups as opposed to one large group or class. Lastly, 84% of girls reported that they would be 

willing to perform the exercises included in CIRC during their physical education classes. 

Although this finding is encouraging, it is likely that the exercises included in the present study 

may have to  be modified or performed with a longer recovery interval to accommodate the wide 

range of PA and fitness levels of students who participate in physical education.  

 There are several limitations of our investigation that must be addressed. Our 

convenience sample consisted of recreationally active girls who may or may not have been 

physically active at the study onset. Although our sample consisted of normal weight and over-

weight girls, our findings are not generalizable to obese girls. Further, we did not include boys in 
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the present study since their acute cardiometabolic and perceptual responses to body-weight 

resistance exercise were previously examined in our laboratory. However, it would be beneficial 

for future work to examine group dynamics and perceptual responses to boys and girls 

performing small group-based HIIE together. Lastly, the present study only investigated acute 

responses and therefore it is difficult to draw direct conclusions about the long-term effects of 

performing these HIIE protocols. Despite these limitations, the current study characterized girls’ 

acute cardiometabolic and perceptual responses to group-based HIIE protocols with the addition 

of blood pressure and acceptability data that have not been reported in previous studies.74, 135 

Furthermore, in-task RPE, affective valence, and enjoyment were creatively assessed during 

group-based CIRC to limit potential bias and extend the current body of literature assessing 

children’s perceptual responses to individually performed HIIE. Lastly, our study included 

young girls of various fitness and activity levels who are often underrepresented in current 

pediatric HIIE literature.74, 135 

Conclusions   

 High intensity interval exercise is an increasingly popular mode of exercise to promote 

VPA and cardiometabolic health in children and adolescents.5 The current study shows that 

CIRC provides a more potent exercise stimulus (i.e. ≥ 85% HRpeak), when performed 

individually or in a group setting compared to treadmill-based HIIE in girls.12, 15 This particular 

protocol is practical as it does not require specialized equipment. Our perceptual and 

acceptability interview data support the appropriateness of body-weight resistance exercise as a 

mode of HIIE that can be enjoyably performed in a small group setting with peers. As stated 

earlier, when implementing body-weight resistance exercise protocols within existing PA 

programs containing children of different fitness levels, it is likely that exercises of varying 
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intensities and equipment will be necessary to maintain enjoyment.66 Nonetheless, there is a 

paucity of research investigating children’s perceptual responses circuit-based HIIE 

interventions,16, 17 highlighting an important research direction that must be pursued to better 

understand the long-term effects of implementing group-based HIIE in youth PA settings. 
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TABLES 

 

 Table 4.  Participant characteristics (N = 19) 

 

 

 

 

 

 

 

 

 

 

 

 

 

^BMI=body mass index; According to BMI-for-age percentiles from the CDC. Abbreviations: 

PAQ-C: Physical Activity Questionnaire for Children; APHV: age at peak height velocity; 

VO2peak: peak oxygen uptake; HRpeak: peak heart rate. 

 

 

 

 

Variable Mean ± SD 

Age (years) 9.1 ± 1.1 

Total Annual Sports Teams 2.2 ± 0.8 

Physical Activity (PAQ-C) (min max: 1-5) 3.0 ± 0.6 

Physical Activity Self-Efficacy (min-max: 0-15) 13.5 ± 1.3 

BMI Percentile^ 53.1 ± 29.4 

     Normal or Healthy Weight (% of sample) 84% 

     Overweight/Obese (% of sample) 16% 

Predicted APHV 11.4 ± 0.3 

Maximal Aerobic Speed (km/h) 9.5 ± 1.7 

VO2peak (mL·kg-1·min-1) 41.7 ± 6.4 

HRpeak (bpm) 188 ± 13 



80 

 

Table 5. Comparison of cardiometabolic responses among HIIE protocols   

 

Outcome Measure TM CIRC Group CIRC ES  

HR     ηp2  

 Mean (bpm) 162 ± 9* 164 ± 10* 175 ± 9 0.67  

 Mean (%HRpeak)  85 ± 4* 86 ± 7* 92 ± 7 0.66  

 Peak (bpm) 168 ± 12 171 ± 8 173 ± 9 0.13  

 Peak (%HRpeak) 88 ± 3 90 ± 6 91 ± 7 0.14  

 Recovery (bpm)   156 ± 11** 164 ± 11**† 178 ± 9 0.82  

 Recovery (% HRpeak) 82 ± 5** 87 ± 8**† 94 ± 7 0.79  

            Total Area Under the 

 Curve  (AUC) (a.u.) 

3817 ± 478 3895 ± 830 3997 ± 788 0.06 

 

 AUC > 85% HRpeak (a.u.) 439 ± 88* 756 ± 250*† 961 ± 382 0.63  

VO2    d  

 Mean (mL·kg-1·min-1) 31.6 ± 4.5 31.5 ± 3.8 N/A 0.02  

 Mean (% VO2peak) 76 ± 10 76 ± 11  0.01  

 Peak (ml·kg-1·min-1) 32.2 ± 4.7 32.5 ± 3.7  0.07  

 Peak (%VO2peak) 77 ± 11 79 ± 11  0.19  

 Recovery (ml·kg-1·min-1) 30.3 ± 3.7 29.1 ± 2.8  0.38  

 Recovery (%VO2peak) 73 ± 9 71 ± 11  0.20  

            Total AUC (a.u.) 1280 ± 199 1278 ± 155  0.01  

 AUC > 70% VO2peak (a.u.) 164 ± 96 223 ± 81†  0.68  
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Variables are presented as Mean ± standard deviation and ES (effect size; d or ηp2).  

Abbreviations: heart rate: HR; %HRpeak: percent of peak heart rate; VO2: oxygen consumption; 

%VO2peak: percent of peak oxygen consumption; SBP: systolic blood pressure; DBP: diastolic 

blood pressure. VO2, BP, or BLa were not assessed during Group CIRC. 

 *Indicates significant difference versus Group CIRC (P<0.05).**Indicates significant difference 

versus Group CIRC (P<0.001). †Indicates significant difference between individual CIRC and 

TM protocols (P<0.05).  

^ N=12 (7 participants denied measurement of blood lactate concentration). 

 

 

 

 

 

Table 5 (cont.)      

Blood Pressure   N/A     d  

 Resting SBP (mmHg) 113 ± 10 115 ± 13  0.18  

 Resting DBP (mmHg) 55 ± 11 51 ± 6  0.70  

 Exercise SBP (mmHg) 149 ± 18 142 ± 15  0.43  

 Exercise DBP (mmHg) 51 ± 9 49 ± 9  0.23  

 Post-Exercise SBP   

 (mmHg) 

124 ± 25 133 ± 25  0.37 

 

 Post-Exercise DBP 

 (mmHg) 

58 ± 10 58 ± 10   0.01 

 

Blood Lactate concentration 

(mM)^ 

  N/A    d 

 

 Pre-exercise  1.4 ± 0.6 1.4 ± 0.4     0.01  

 Post-exercise 1.4 ± 0.6 5.8 ± 1.7†     3.61  
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Table 6. Comparison of perceptual measures among protocols  

Measure Scale Baseline  CIRC TM 
Group 

CIRC 
ηp2 

Exercise 

Enjoyment  
PACES (n=18) 66 ± 9 68 ± 10 69 ± 11 72 ± 9 0.07 

Positive Affect PANAS (n=19) 20 ± 3 20 ± 3 20 ± 3 21 ± 4 0.03 

Negative Affect PANAS (n=19) 8 ± 2 8 ± 4 8 ± 3 8 ± 4 0.03 

 

Variables are presented as Mean ± standard deviation and effect size (partial eta-squared (ηp2)). 

Abbreviations: PACES: modified Physical Activity Enjoyment Scale; PANAS: 10-item Positive 

and Negative Affect Schedule.  
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FIGURES 

 

 

 

Figure 3. A) Area under the curve (AUC) data from a sample participant comparing AUC >85% 

HRpeak values among protocols and (B) AUC data from a sample participant comparing AUC > 

70% VO2peak values between protocols  
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Figure 4. Differences in (A) Rating of perceived exertion (Children’s OMNI), (B) Affective 

valence (Feeling Scale), and (C) Exercise enjoyment (How(e) Happy Scale) in response to body-

weight resistance exercise (CIRC), Group CIRC, and treadmill-based HIIE (TM) (n=16) 

*A: Indicates a significant difference from pre-exercise (P<0.05) 
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Figure 4 (cont.) 

 

 

 

Figure 5. A) Proportion of girls preferring the individually performed body-weight exercise 

circuit (CIRC) versus group-based CIRC (N=19). B) Proportion of girls willing to try our body-

weight exercise circuit in physical education classes (N=19). 
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Figure 6. Comparison of repetitions performed during individually performed CIRC (Individual 

CIRC) and the circuit performed in a small group setting (Group CIRC).  

Intervals 1 and 5 = mountain climbers; Intervals 2 and 6 = squat jumps; Intervals 3 and 7 = 

burpees; Intervals 4 and 8= jumping jacks 

*Significantly different between conditions (P<0.05) 
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CHAPTER 4 

Efficacy and Program Evaluation of a Fitness and Skill-Based High-Intensity Interval Training 

(HIIT) Program in Elementary School Physical Education  

Jeanette M. Ricci1, Katharine D. Currie1, Todd A. Astorino2, Karl Erickson1, Karin A. Pfeiffer1 

1Michigan State University, East Lansing, MI; 2California State University - San Marcos, San 

Marcos, California 

ABSTRACT 

Previous school-based high-intensity interval training (HIIT) interventions focused on the 

quantity of physical activity (PA) achieved during physical education (PE) rather than the quality 

of students’ PE experiences. PURPOSE: To evaluate the efficacy of a fitness- and skill based 

HIIT intervention guided by the Self Determination Theory and perform a program evaluation. 

METHODS: For this pretest-posttest randomized controlled 6-week study, 4-5th grade students 

(15 boys and 30 girls, age = 10.5±0.9 years) completed a HIIT circuit at the beginning of PE 

(INT); whereas, 22 students (10 boys and 12 girls, age = 10.5±0.9 years) engaged in regular PE 

activities (CON). Two-way mixed ANCOVA tests were performed to assess potential 

intervention effects. RESULTS: A time by group interaction (P<0.001) was evident for 

cardiorespiratory fitness, as VO2peak increased in INT from 53.6±6.1 to 56.9±7.3 ml/kg/min. 

Muscular strength assessed with a handgrip test increased in INT from 35.5±7.3 to 37.2±9.0 kg 

and decreased in CON (P=0.02) from 36.2±12.0 kg to 33.4±9.0 kg. Students in INT exhibited 

greater amounts of moderate-to-vigorous PA and vigorous PA during PE versus CON, based on 

accelerometer data (23.4±5.0 vs. 15.7±4.7 min/hr; P<0.001, ηp2= 0.45; 4.5±2.6 vs. 2.3±1.3 

min/hr; P<0.001, ηp2= 0.27, respectively). Participants and the physical educator reported 
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favorable program satisfaction (mean 3.6±1.5 out of 5) and feasibility (31/35). 

CONCLUSIONS: Similar to previous work, students participating in HIIT were more active 

during PE and experienced greater training adaptations compared to those engaging in regular 

PE. Fitness- and skill-based HIIT may be a valuable addition to elementary school PE programs. 

 

INTRODUCTION  

 From a public health perspective, the school environment can serve as a venue for 

increasing physical activity (PA) levels in children, especially during physical education (PE).149 

Although PE affords millions of children an opportunity to be physically active, data suggest that 

children are insufficiently active during PE, with less than 50% of class time spent engaging in 

moderate-to-vigorous PA (MVPA).77 This is troublesome given that the amount of accumulated 

PA, specifically vigorous-intensity PA (VPA), is strongly linked to cardiometabolic health 

benefits such as improved weight status and cardiorespiratory and muscular fitness.30 

Accordingly, there is a need to determine feasible and attractive strategies to implement small, 

targeted doses of MVPA and VPA during elementary school PE.  

 One strategy that has been used to promote higher levels of PA within the PE setting is 

high-intensity interval training (HIIT), which involves completing brief bouts of intense activity 

interspersed with periods of lower-intensity activity.5-7 Running-based HIIT interventions 

delivered to elementary school students have demonstrated significant improvements in 

indicators of cardiometabolic health,5 but they do not enhance additional aspects of PA including 

motor competence and muscular fitness.44 Therefore, applying the structure of traditional 

running-based HIIT to different interval-based exercise protocols that provide a variety of 

exercises and modalities may be a more developmentally appropriate and engaging strategy. 
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Previous studies implementing fitness- and skill-based interval exercise protocols during 

elementary school PE demonstrated preliminary feasibility and efficacy in promoting 

cardiorespiratory and muscular fitness and PA self-efficacy.16, 20, 21, 82 However, further 

characterization regarding the effects of HIIT on students’ psychosocial experiences during PE 

are needed, since very few HIIT studies adopted a theoretical approach to their intervention, 

measured students’ enjoyment during HIIT, or conducted a thorough program evaluation.16, 24 

Accordingly, in addition to focusing on the quantity of PA (i.e. intensity, duration) and fitness 

adaptations achieved, future studies must also consider psychological constructs such as 

enjoyment and self-determined motivation for PA engagement (i.e. participation stemming from 

fun, enjoyment, and challenging opportunities) that contribute to the quality of the intervention.84 

 Self-Determination Theory (SDT) is one theoretical perspective that has been applied to 

research in the PE domain to improve the quality of students’ PE experiences.23, 24, 86 SDT 

postulates that individuals will demonstrate higher amounts of self-determined (i.e. intrinsic) 

motivation, and in turn greater PA participation, if the basic psychological needs of competence 

(i.e. perceptions of task mastery), autonomy (i.e. opportunity for choice and decision making), 

and relatedness (i.e. social connections among peers and educators) are satisfied.23 Therefore, an 

important practical implication of promoting the fulfilment of the basic psychological needs 

during PE is that it may in turn promote leisure-time PA participation outside of the school 

setting.87 SDT provides a strong theoretical foundation for future fitness- and skill-based interval 

exercise interventions because these protocols can be systemically designed to promote 

fulfilment of the basic psychological needs outlined by the SDT. For example, instead of 

incorporating passive recovery intervals between work stations and only performing HIIT 

individually as in previous studies,20, 21, 56 implementing low-intensity recovery stations requiring 



90 

 

motor skills (throw and catch, balance, etc.) where participants choose from a variety of 

activities, as well as partner-based exercises, may promote significant improvements in the basic 

needs of competence, autonomy, and relatedness which may lead to intrinsic motivation, 

according to SDT. 

 The purpose of this study was to evaluate the efficacy of a 6-week fitness and skill-based 

HIIT intervention delivered to 4th and 5th grade students during PE and perform a program 

evaluation. Changes in cardiorespiratory and muscular fitness, motor competence, basic 

psychological needs satisfaction, PA enjoyment, intrinsic motivation for PA participation, and 

leisure-time PA, and the amount of MVPA and VPA during PE, were compared to a traditional 

PE class. We hypothesized that the HIIT intervention (INT) would elicit significantly greater 

improvements in fitness outcomes, PA enjoyment, fulfillment of the basic psychological needs 

(perceived competence, autonomy, and relatedness), intrinsic motivation for PA, and leisure-time 

PA participation relative to the control group (CON). We also hypothesized that the intervention  

would demonstrate strong fidelity, with students in the INT group attaining greater amounts of 

MVPA and VPA compared to CON students. Lastly, we hypothesized that the intervention 

program would demonstrate high feasibility scores by the physical educator and favorable 

program acceptability from participants and the physical educator.  

METHODS 

Study Design and Participants  

This study was a pretest-posttest controlled study with randomization occurring at the 

classroom level. Students from five 4th and 5th grade classrooms at one public elementary school 

were recruited to participate in this study. See Figure 7 for a study flow diagram of participants 

throughout the study. Students were eligible to participate if they obtained parental consent (i.e. 
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permission), provided assent, and had no chronic disease or physical disabilities that would 

prevent regular PA participation (based on Health History Questionnaire completed by parents 

during the consent process). The exclusion criterion was severe physical or intellectual 

disabilities that would result in inability to follow instructions. Demographic data regarding 

participants’ date of birth and sex were self-reported by the parents during the parental consent 

process. Participant characteristics are displayed in Table 7. Ethical approval was obtained by the 

elementary school district and Michigan State University’s Institutional Review Board.  

Theoretical Basis for the Proposed Intervention 

 In line with SDT, during the intervention period the physical educator and research 

assistants focused on task mastery, cooperation, and student integration, rather than focusing on 

outcomes such as the number of repetitions performed at each station.93 The fitness- and skill-

based HIIT protocol consisted of alternating high-intensity stations including plyometric drills, 

fitness rope, and medicine ball exercises, with low-intensity active recovery stations focused on 

object control tasks (i.e., throwing and catching, circus arts activities), balance, and stability 

activities. Exercises focused on motor competence were incorporated into low-intensity stations 

to promote feelings of competence during PE. Table 8 exhibits the exercises performed 

throughout the intervention. To satisfy the basic psychological need of autonomy and to further 

promote self-determined motivation towards PA, participants chose the initial work interval 

station to start each session, chose from previously learned exercises during sessions 7-8, and 

had a choice of activities at each active recovery station throughout the intervention (e.g. for 

balance participants chose from Spooner boards, stilts, or body balance activities). Lastly, a 

relational component was added to the intervention by having participants choose their station 
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group members as well as a partner with whom to complete partner work and active recovery 

stations. 

Procedures  

Baseline Testing 

After completion of the consent process, baseline testing occurred during regularly scheduled PE 

class times. Initially, research staff conducted pencil and paper survey measures with groups of 

4-6 participants. Subsequently and in this order, anthropometric, fitness, and motor competence 

assessments were conducted. Cardiorespiratory and muscular fitness assessments were 

completed on 2 separate days to avoid fatigue.  

Exercise Training 

Students participated in 50 minutes of PE on three occasions every two weeks. Participants in 

INT completed a fitness- and skill-based HIIT circuit at the beginning of each PE class; whereas, 

participants in CON continued their regularly scheduled activities for 6 weeks. Sample activities 

performed in CON included active-play team challenges, circus arts activities, and hand-eye 

coordination games. Following baseline testing, all participants completed two familiarization 

sessions to practice the preliminary exercises and how to rotate through the stations (INT only), 

how to use the Plicker magnet system to assess enjoyment, and how to wear the accelerometers 

and HR monitors. There was a total of 8 INT and 8 CON sessions excluding the practice 

sessions. The study coordinator was present at all PE classes to record contextual notes and to 

assist with delivering the HIIT protocol. 

Description of HIIT Program 

Each training session consisted of a 3-minute warm-up consisting of dynamic stretches (i.e. 

shuffle, air squats, lunges, etc.) followed by the fitness- and skill-based HIIT protocol (Table 8) 
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performed in a gymnasium. The protocol used progressive overload150 by employing more 

difficult exercises and a greater workload to improve cardiorespiratory fitness, muscular fitness, 

and motor competence. During sessions 1-4, participants performed 5 high-intensity exercises 

for 20 s followed by 30 s of lower-intensity exercises for 30 seconds, with a 6-second transition 

period between each exercise. Participants performed three sets for a total protocol time of 16.5 

minutes. During sessions 5-8, exercise duration was increased to 30 s followed by a 30 s active 

recovery, for a total protocol time of 19 minutes. Participants used 1 or 2 kg medicine balls and a 

2 kg fitness rope which have been shown to be safe and appropriate for 8-12 year-olds.20, 21 

Participants were encouraged to perform each high-intensity exercise at an ‘all out’ effort (i.e. ≥ 

80% HRpeak), which was displayed as a red color on the heart rate monitor, and each active-

recovery exercise at a low-intensity (displayed as a blue color on the heart rate monitor). 

Following HIIT, the physical educator led the class through activities similar to CON for the 

remainder of the class period. Lastly, to maintain efficiency and organization, pre-recorded 

coordinated music was used to note the high and low intensity exercise stations and the transition 

to the subsequent station.  

Outcome Measures   

Participant Characteristics: Stature was measured twice with a portable stadiometer (Shorr 

Productions, Olney, MD), and the two measures were averaged. Body mass was assessed twice 

with a bioelectrical impedance scale (Tanita BC-534, Tokyo, Japan) with accuracy to the nearest 

0.1 kg, and the two measures were averaged. Mass and stature were used to calculate BMI 

(kg/m2) and converted to age- and sex-specific percentiles for children.151  

Cardiorespiratory and Muscular Fitness: All participants completed the FITNESSGRAM 15-m 

PACER (Progressive Aerobic Cardiovascular Endurance Run) to assess cardiorespiratory 
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fitness.152 The number of laps successfully completed was recorded and converted to peak 

oxygen consumption (VO2peak in ml/kg/min) using a validated equation in children.153 The 

PACER test has a moderate level of criterion validity for estimating cardiorespiratory fitness 

versus indirect calorimetry (r= 0.66)154 and strong test re-test reliability (r= 0.89).155 Muscular 

strength and endurance were initially assessed with a standard handgrip test using a Jamar (J.A. 

Preston Corporation, Clifton, NJ, USA) or a TKK dynamometer (TKK 5101 Grip-D, Takey, 

Tokyo, Japan). Both dynamometers have strong criterion validity and reliability in youth,156 and 

each participant used the same device for pre- and post-testing. The sum of the best trials from 

the left and right hand were reported.156 To assess upper body muscular strength and endurance, 

participants completed the FITNESSGRAM push-up assessment in which the maximum number 

of repetitions performed with proper technique to a pre-established cadence was recorded.157 The 

reliability and validity of these muscular fitness tests have been published elsewhere.156, 158  

Motor Competence: Several fundamental movement skills were evaluated using components of 

the ‘Get Skilled Get Active’ assessment battery.159 For the current study, two object 

manipulation skills (catch and throw) and three locomotor skills (static balance, vertical jump, 

sprint run) were evaluated. For each skill, a score is obtained from 5-6 features that are 

considered integral to being proficient at the skill.160 The score for each of the 5 skills was 

summed to create a composite motor competence score out of 29. The Get Skilled Get Active 

assessment has been previously validated in children and used in several intervention studies to 

assess motor competence.160, 161  

Leisure-time Physical Activity: PA participation outside of PE was assessed with two different 

surveys to estimate the amount of MVPA as well as the context of students’ leisure-time PA 

participation at pre- and post-intervention. Participants completed a single item from the Youth 
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Risk Behavior Surveillance System to determine the number of days/week they obtained the 

national recommendation of at least 60 minutes of MPVA per day.162 Participants also completed 

the 14-item Evaluation of Activity Survey for Youth (EASY)163 in which they indicated their 

frequency of engagement on an 8-point scale (i.e. 0 – 7 days) for a variety of physical activities 

in different contexts over a week recall period. The sum of the 14 items is reported (min – max = 

0 – 98). This survey is a reliable and valid measure of leisure-time PA versus accelerometry.163  

Physical Activity Enjoyment: To assess enjoyment of  physical activity, participants completed 

the short form of the modified Physical Activity Enjoyment Scale (PACES) which consisted of 7 

negatively worded items that were reversed-scored to ensure that a greater score indicated higher 

PA enjoyment.164 The PACES survey has high internal consistency (r=0.87) and adequate 

construct validity (r= 0.24 – 0.66) in children and adolescents.128, 129 

 To assess enjoyment during the INT and CON activities, participants responded to a 

single item using a 4-item visual Likert scale after the second set of HIIT (INT) or 20 minutes 

into PE class (CON).142 This enjoyment scale has been previously validated in children.142 To 

assess enjoyment during INT, a magnetic whiteboard with the prompt ‘compared to the kinds of 

physical activity you usually do, how much are you enjoying this one right now?’ along with the 

4-item facial scale ranging from 1 ('not at all') to 4 ('a lot') were placed at each exercise station. 

Each student had their own Plicker magnet and responded to the prompt to indicate their current 

level of enjoyment. The Plickers have response choices on each side of a square magnet and 

students turn the magnet so that their answer is on the top and is placed face down so that other 

students cannot view each other’s responses. Responses were then captured using an iPad with 

the Plicker software. This assessment was conducted during every other class period throughout 
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the intervention period. Mean enjoyment responses across all assessments during INT and CON 

are reported. 

Basic Psychological Needs Satisfaction in PE: To determine the degree to which participants 

experienced satisfaction of the three basic psychological needs postulated in the SDT (i.e., 

perceived competence, autonomy, relatedness) during PE, three previously validated 

questionnaires were used.88 All subscales were adapted and validated within elementary PE in 

children and demonstrate adequate internal reliability with Cronbach’s α > 0.70 for each 

subscale.93 Cronbach’s α in the current study were > 0.70 for each subscale. Participants’ sense 

of autonomy was assessed with a 5-item questionnaire93 in which participants responded to items 

(e.g. ‘I have some choice in what I want to do’) preceded by the stem ‘In PE class’. Perceived 

competence towards PE was determined with a 5-item questionnaire devised from the 18-item 

Intrinsic Motivation Inventory.165 An example item includes, ‘I am pretty skilled at PE’. Lastly, 

relatedness in PE was assessed with the acceptance subscale of the Need for Relatedness Scale93, 

166 in which participants responded to the stem, ‘with the other students in my PE class I feel…’ 

followed by 5 items, including ‘close’, ‘valued’, and ‘supported’. For all three subscales, 

responses were on a 7-point Likert scale ranging from 1 (‘strongly disagree’) to 7 (‘strongly 

agree’). The negatively worded items in the autonomy and competence subscales were reverse 

scored to ensure that a higher score indicated higher needs satisfaction. The variable ‘total need 

satisfaction’ was calculated as the average of the three individual subscales.  

Self-Determined Motivation for PA: Self-determined motivation to participate in leisure-time PA 

was assessed via a modified version of the intrinsic motivation subscale from the Perceived 

Locus of Causality scale that was previously adapted and validated for elementary school PE 

(Cronbach’s α = 0.88).88 Cronbach’s α for the current study was equal to 0.82. In the present 
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study, the stem was modified to assess self-determined motivation towards leisure-time PA with 

the wording ‘I take part in physical activity…’, rather than in PE, since it is hypothesized that 

promotion of the basic psychological needs within the PE context will promote leisure-time PA 

outside of school.87 Participants responded to four items on a 1 (‘strongly disagree’) to 7 

(‘strongly agree’) Likert scale with the average of the four items reported. An example item of 

the intrinsic motivation subscale includes ‘because PA is fun’.88  

Process Evaluation  

Intervention Reach and Dose: Reach was determined by the study coordinator and physical 

educator, who monitored and recorded participant attendance at each class period. Dose was 

recorded as the total number of intervention sessions provided by the study coordinator over the 

6-week intervention period. 

Program Fidelity: Participants in INT and CON wore either an ActiGraph GT3X-BT 

(Pensacola, Fl; firmware 1.9.2) accelerometer or a wrist-worn heart rate (HR) monitor 

(Interactive Health Technologies (IHT), Austin, TX, USA) on their non-dominant wrist during 

an entire PE class period, and participants rotated which device they wore each class period. The 

accelerometer was initialized using ActiLife software (version 6.13.4) to collect acceleration in 

three axes (vertical, mediolateral, and anterioposterior) at a sampling rate of 30 Hz, which was 

reintegrated into activity counts per 5-s.167 Vector magnitude counts/5-s was calculated as the 

square root of the sum of the squared counts from each axis. The vector magnitude metric was 

selected as it uses information from all three axes and is less dependent on monitor orientation. 

Data from the sessions were extracted using researcher-recorded start and stop times. Chandler et 

al.168 cut-points (vector magnitude counts/5-s) were used to classify each 5-s epoch as sedentary 

behavior, or light, moderate, or vigorous intensity activity. For each participant, minutes per hour 
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of MVPA and VPA were calculated and reported to correct for small differences in wear time 

between classes or sessions. HR data were exported and averaged every 5 seconds, and average 

heart rate for the entire class period and the independent HIIT session are reported. The pre-

determined IHT intensity thresholds based on participants’ age-predicted peak HR (HRpeak) for 

MVPA (≥ 50% HRpeak) and VPA (≥ 80% HRpeak) were used to determine minutes per hour of 

MVPA and VPA.169 

Program Feasibility and Acceptability  

Feasibility of administering the intervention within the PE setting was assessed using a 7-item 

Likert-scale survey provided to the physical educator regarding confidence in ability to deliver a 

similar program in the future, ease of set-up, and the program’s time commitment.24 Three 

survey items were reverse-coded, and the sum of the 7 items is reported, with a higher score 

indicating greater program feasibility (min-max = 7 – 35). A separate item asked to what extent 

the physical educator plans to continue using the intervention components in PE, with responses 

ranging from 1 (‘not at all’) to 5 (‘to a great extent’). To assess program acceptability, a mixed 

qualitative and quantitative approach was used to provide summative information regarding 

program satisfaction. In the week following the intervention a 9-item survey was delivered to 

participants to evaluate their perceptions of the program components at the beginning of PE 

class. They rated their agreement with each question on a 5-item Likert scale ranging from 1 

(‘disagree a lot’ to 5 (‘agree a lot’), with a higher score indicating greater program acceptability. 

A semi-structured interview was conducted with the physical educator post-intervention to 

evaluate acceptability of the program. As a post-hoc follow-up, the physical educator was asked 

if she perceived the INT and CON classes had similar skill acquisitions for other lesson plan 

components outside of the intervention.  
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Statistical Analysis 

 Descriptive statistics are reported as mean ± SD unless noted, and data were analyzed 

using SPSS version 24 with significance set at P<0.05 for all analyses. Participants with missing 

pre and/or post test data (i.e. absent from testing session) were excluded from the analysis. 

Differences in participant characteristics and baseline data between groups were assessed with 

independent samples t-tests. Separate, two-way mixed analysis of covariance (ANCOVA) was 

performed to assess changes in various outcome measures from baseline to post-intervention 

(within-subjects factor) between INT and CON (between-subjects factor) while controlling for 

classroom. Given that autonomy, relatedness, and competence together contribute to self-

determined motivation, a multivariate ANOVA was used to assess potential intervention effects 

on basic needs satisfaction when controlling for classroom. Separate one-way, between-group 

ANCOVAs were conducted to compare differences in average class HR, minutes/hour of 

MVPA, and minutes/hour of VPA between INT and CON while controlling for age and sex. A 

sample size calculation was conducted a priori with an alpha level of 0.05 and a power of 80% 

and determined that a total sample size of 34 participants was required to detect a within-subject 

pre- to post-intervention difference of the primary outcome variable (i.e. cardiorespiratory 

fitness) with a moderate effect size of 0.25. Partial eta squared (ηp2) values are reported as a 

measure of effect size for ANOVA analyses. An independent samples t-test determined mean 

differences in the single-item enjoyment measure between INT and CON, with effect size 

reported as Cohen’s d. The qualitative data acquired from the semi-structured interview with the 

physical educator at post-intervention was analyzed using a thematic coding analysis with major 

themes reported. Inter-coder reliability between two assessors was 100% agreement for coding 

analysis.  
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RESULTS 

There were no significant differences (P>0.05) in age or BMI percentile between INT and CON 

at baseline. In addition, baseline scores for all outcome measures did not differ between groups 

(P>0.05). 

Changes in Cardiorespiratory and Muscular Fitness: There was a significant group by time 

interaction for cardiorespiratory fitness (F(1,49) = 17.40, P<0.001, ηp2= 0.26). INT increased 

participants’ VO2peak from pre- to post-intervention from 53.6 ± 6.1 to 56.9 ± 7.3 ml/kg/min, 

while CON exhibited a decline in VO2peak. Individual VO2peak responses are shown in Figure 

8.1A (INT) and 8.1B (CON). The handgrip test showed significant time by group interaction 

(F(1,54) = 5.67, P= 0.02, ηp2= 0.09) as it increased in INT from 35.5 ± 7.3 to 37.2 ± 9.0 kg and 

decreased in CON from 36.2 ± 12.0 to 33.4 ± 9.0 (Figure 8.2). There was not a significant time 

by group interaction (F(1,48) = 0.81, P= 0.37, ηp2= 0.02) or a main effect of time (F(1,48) = 

0.25, P= 0.62, ηp2= 0.005) for the number of push-ups performed (Table 9). 

Change in Motor Competence: A significant main effect of time and a time by group interaction 

were observed for total motor competence (F(1,41) = 5.31, P= 0.03, ηp2= 0.11; F(1,41) = 5.79, 

P= 0.02, ηp2= 0.12, respectively). Motor competence increased from 23.7 ± 2.9 to 24.7 ± 2.1 in 

INT, with greater improvements observed in CON (23.1 ± 3.7 to 24.7 ± 2.3) (Figure 8.3).  

Leisure-Time Physical Activity: No significant time by group interaction was evident for either 

the number of days participants accumulated 60 minutes of MVPA per week or for EASY survey 

scores (F(1,51) = 0.61, P= 0.44, ηp2= 0.01; F(1,56) = 0.13, P= 0.72, ηp2= 0.002, respectively). 

While there was a main effect of time for EASY scores in both INT and CON (F(1, 56) = 4.31, 

P= 0.04, ηp2= 0.07), there was no change in the number of days that participants accumulated 60 

minutes of MVPA in either INT or CON (F(1,51) = 1.63, P= 0.21, ηp2= 0.03) (Table 9). 
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Enjoyment: A significant time by group interaction occurred in physical activity enjoyment 

following HIIT (F(1,55) = 5.76, P= 0.02, ηp2= 0.10). Relative to CON, there was a decrease in 

mean PACES scores at post-intervention in INT (Table 9). Mean enjoyment scores during PE 

assessed with the Plicker system were lower ( t(378) = -2.38, P= 0.02, d= 0.23) in response to 

INT (2.8 ± 1.1) versus CON  (3.1 ± 1.0). 

Change in Basic Needs Satisfaction in Physical Education: Change in these variables for INT 

and CON are shown in Table 9. Basic needs satisfaction experienced in PE did not show an 

interaction (F(3,52) = 1.37, P=0.26, ηp2= 0.07) or effect of time (F(3,52) = 2.84, P=0.05, ηp2= 

0.14). However, pre-intervention scores were high and did not change post-intervention. 

Physical Activity Intrinsic Motivation: There was no significant time by group interaction 

observed for PA intrinsic motivation scores (F(1,55) = 3.38, P= 0.07, ηp2= 0.06). Similarly, 

results showed no significant change in intrinsic motivation over time (F(1,55) = 1.21, P=0.28, 

ηp2= 0.02) (Table 9). 

Process Evaluation  

Program Reach and Dose: During the intervention, there were no noticeable adverse events or 

injuries observed or reported. Reach as determined from participant attendance rates was 93% 

for INT and CON. Dose for the intervention was 100% with all sessions delivered as intended 

over the 6-week period.  

Fidelity of the intervention: The mean HR during HIIT was 121 ± 14 bpm and mean HR for the 

entire PE class was significantly higher in INT versus CON (116 ± 11 vs 110 ± 9 bpm; P=0.04, 

ηp2= 0.07). Both HR and accelerometer data showed that participants in INT engaged in 

significantly greater amounts of MVPA during PE compared to CON (38.1 ± 7.9 vs. 32.8 ± 8.7 

min/hr; P=0.025, ηp2= 0.08; 23.4 ± 5.0 vs. 15.7 ± 4.7 min/hr; P<0.001, ηp2= 0.45, respectively). 
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Further, accelerometer data supported that INT students accumulated greater amounts of VPA 

compared to CON (4.5 ± 2.6 vs. 2.3 ± 1.3 min/hr; P<0.001, ηp2= 0.27), but this conclusion was 

not supported with the HR data that showed no difference between groups (P=0.29, ηp2= 0.02). 

 Program Feasibility and Acceptability: The physical educator reported a score of 31 out of 35, 

demonstrating high program feasibility. Additionally, the physical educator planned to continue 

delivering the HIIT circuit ‘to a great extent’ (i.e. score of 5 out of 5) in the future. Participants 

demonstrated favorable program acceptability with a mean score of 3.6 ± 1.5 out of 5. Major 

themes emerging from the program acceptability interview with the physical educator following 

the intervention are displayed in Table 10. Lastly, the physical educator thought that both INT 

and CON classes had similar results in learning skills, such as circus arts, that were part of the 

lesson plan outside of the HIIT intervention.  

DISCUSSION 

 The purpose of this study was to evaluate efficacy and perform a program evaluation of a 

fitness- and skill-based HIIT intervention delivered in an elementary school PE setting guided by 

SDT. The primary finding from this study was that the HIIT intervention improved children’s 

cardiorespiratory fitness and muscular strength to a greater extent relative to the control group. 

However, there were no improvements in push-up performance, leisure-time PA, basic 

psychological needs satisfaction, or PA intrinsic motivation following INT compared to CON. 

The intervention had strong fidelity, with students in INT engaging in significantly more MVPA 

and VPA and experiencing higher HRs during HIIT compared to CON. No students experienced 

injuries or adverse events during the study, supporting that it was well-received by participants. 

This study extends the work of previous school-based HIIT investigations by reporting multiple 

elements of program evaluation and demonstrating high feasibility and favorable program 
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satisfaction from both the students and the physical educator. Overall, our results provide 

preliminary evidence for the efficacy of fitness- and skill-based HIIT as a developmentally 

appropriate strategy to promote fitness and MVPA without compromising the psychosocial 

experience of PE.    

A significant finding of the present study is that performing only eight sessions of fitness- 

and skill-based HIIT for approximately 16 minutes at the beginning of PE class resulted in 

greater increases in cardiorespiratory fitness and muscular strength versus traditional PE. Given 

that students in both INT and CON increased their leisure-time PA, the greater improvements in 

cardiorespiratory and muscular fitness observed in INT are more likely due to the intervention. 

These findings corroborate data from previous HIIT interventions that improved 

cardiorespiratory fitness while focusing on motor competence and muscular fitness, which are 

important developmental aspects of PA in childhood.18, 21, 82, 132 For example, Costigan et al.16 

demonstrated significantly greater improvements in cardiorespiratory and muscular fitness in 

adolescents completing a body-weight resistance exercise HIIT program compared to aerobic-

based HIIT or standard PE lessons in adolescents. A likely explanation responsible for the 

improvements in both cardiorespiratory and muscular fitness following INT is that children may 

be ‘metabolic nonspecialists’,170 in that training adaptations are not specific to the metabolic 

demands of the exercise as seen in adults.21 This is supported by Faigenbaum et al.21 and Weston 

et al.76 who  demonstrated beneficial effects of non-running based HIIT programs on 

cardiorespiratory fitness in children21 and adolescents76 when exercising at ≥ 85% HRpeak. 

However, another study showed that a 6-minute, multi-joint, functional HIIT circuit improved 

muscular fitness but not cardiorespiratory fitness in elementary school children.17 However, the 

protocol duration of the HIIT protocol is an important consideration in that training volume equal 
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to 6-minutes may not provide an adequate stimulus to improve cardiorespiratory fitness.17 

Despite our participants performing HIIT for 16-19 minutes at moderate-vigorous intensity lower 

than the HIIT threshold of 85% HRpeak, the present study produced a large effect for the increase 

in cardiorespiratory fitness (d = 1.2), comparable to the effect size reported in a meta-analysis by 

Costigan et al.56 (d= 1.05), supporting that HIIT-structured protocols of approximately 12-30 

minutes in work duration are sufficient to induce significant increases in cardiorespiratory 

fitness. Overall, our HIIT program allowed students to perform developmentally appropriate 

resistance training exercises, including medicine ball and fitness rope activities, that increased 

cardiorespiratory fitness and muscular strength while engaging in greater amounts of MVPA and 

VPA. 

A novel attribute of this study was to incorporate exercises focused on developing motor 

competence during the active recovery periods versus implementing walking or stationary rest 

periods, as used in previous research.16, 18, 21, 82 Circus arts is one effective strategy to improve 

motor competence in elementary school-aged children136 and was therefore incorporated into the 

active recovery periods during INT. Circus art activities were also an established component of 

the existing PE program. The use of circus arts during INT and CON may in part explain the 

improvements in motor competence observed in both groups (Figure 8.3). It is difficult to 

compare our findings with previous literature, since the majority of previous school-based HIIT 

studies did not include motor competence as an outcome, nor did they include a skill-based 

element during recovery. Nonetheless, Duncan et al.82 also demonstrated significant 

improvements in motor competence in 6-7 year-old children completing a 10-week integrative 

neuromuscular training HIIT program consisting of body-weight and agility exercises delivered 

during PE. Overall, our findings support that incorporating exercises such as circus arts or agility 
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training into both the work and rest periods of HIIT protocols may be an effective and engaging 

strategy to promote motor competence development during PE.  

When implementing intense exercise such as HIIT into existing PE programs, it is 

important to focus on the quality of students’ PE experiences. Therefore, we adopted the SDT as 

a theoretical approach, and the intervention was carefully designed to promote students’ 

perceptions of competence, autonomy, and relatedness (i.e. basic psychological needs) in PE in 

order to promote leisure-time PA and PA intrinsic motivation. To our knowledge, very few 

school-based HIIT interventions have incorporated a theoretical approach, nor have they 

assessed the psychosocial impact of implementing HIIT in PE.16, 24 Aligning with our findings, 

Leahy et al.24 demonstrated no time by group interaction effects for changes in intrinsic 

motivation or basic needs satisfaction following a fitness- and skill-based HIIT intervention in 

adolescents compared to usual school activities. A likely explanation for these nonsignificant 

findings is that at baseline, students exhibited high PA intrinsic motivation and basic 

psychological needs scores in both INT and CON, leading to a ceiling effect. Additionally, 

following INT there were no improvements in leisure-time PA relative to the control group, 

although one of the PA surveys showed improvement over time for both groups. Similar to our 

findings, Ketelhut et al.18 did not observe a change in leisure-time PA among students engaging 

in a 12-week multi-activity HIIT intervention relative to a control group. Nonetheless, this study 

contributes to the school-based HIIT literature by showing that implementing a fitness- and skill-

based HIIT protocol did not negatively impact students’ psychological experiences during PE, 

their motivation to be physically active, or their leisure-time PA. However, future research 

performed in PE in which students present low baseline levels of basic needs satisfaction are 

warranted to confirm our findings. Furthermore, our eight sessions may not have been adequate 
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to induce changes in PA behavior, and a follow-up assessment is warranted to observe if 

improvements in PA occur at a later date.  

In the present study, PA enjoyment and enjoyment during PE were assessed given the 

role of enjoyment as a mediator of basic psychological needs satisfaction and PA intrinsic 

motivation.87 Our data showed higher enjoyment in CON and a significant decrease in PACES in 

INT, but scores remained favorable (i.e. 30.4 on a 35-point scale). A likely explanation for this 

finding is that students in CON engaged in circus arts, which has been identified as an enjoyable 

form of PA for children, for most class periods.136, 171 Nonetheless, enjoyment during HIIT was 

similar to CON (2.8 ± 1.1 versus 3.1 ± 1.0) (both representing ‘a little’), suggesting that 

incorporating more intense activity into PE did not severely impact students’ enjoyment. There is 

a paucity of research evaluating both the effect of performing HIIT on overall PA enjoyment and 

enjoyment responses during school-based HIIT. Costigan et al16 reported favorable enjoyment 

scores from 15 year-old students following an 8-week body-weight resistance HIIT intervention 

performed 3 times per week, but they did not assess enjoyment during exercise. High enjoyment 

scores during body-weight resistance HIIT in young boys have been documented,135 yet 

comparison with the present study is difficult considering participants performed HIIT 

individually and in a laboratory setting in the Ricci et al135 study. To our knowledge, the current 

study was the first to use readily available technology (i.e. the Plicker magnets) to assess 

enjoyment during HIIT in a school-based setting. Further research using similar methodology is 

needed to better characterize students’ enjoyment during fitness- and skill-based HIIT. 

Our data show that INT was delivered with strong fidelity, as students engaging in it 

resulted in higher HRs during class (116 ± 11 vs 110 ± 9 bpm) and accumulated six additional 

minutes/hour of MVPA and 2 minutes/hour of VPA during PE compared to CON, based on 
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accelerometer data. Our findings support previous research showing that incorporating non-

traditional HIIT protocols into PE induce significantly higher HR responses compared to 

standard PE.16, 18 However, the mean HR observed during INT (121 ± 14 bpm) was lower than 

previously reported likely due to the nature of the exercises chosen, which included resistance-

based activities. For example, Costigan et al16 reported mean HR of 148 and 155 bpm during an 

8-minute body-weight aerobic (i.e. jumping jacks) and resistance-based HIIT (i.e. push-ups), 

respectively. Given that intensity and duration exhibit an inverse relationship, we chose both 

cardiovascular- and resistance-based exercises performed at a moderate-to-vigorous intensity for 

a longer duration than in previous studies (i.e. 16-19 minutes versus 8 minutes) to accommodate 

the wide discrepancy of fitness levels among students. Further, although INT students 

accumulated only 4.5 minutes/hour of VPA on average during PE, this exercise stimulus was 

sufficient to improve cardiorespiratory and muscular fitness. This supports that implementing 

small, targeted doses of VPA into existing PE programs may be an appropriate strategy to induce 

beneficial changes in fitness.  

Overall, students displayed favorable program satisfaction towards the intervention. 

Responses derived from the program satisfaction survey indicated that students enjoyed 

completing the HIIT exercises with their friends, liked the variety of exercises they were offered, 

and preferred wearing the HR device as opposed to the accelerometer to monitor their activity 

levels. Our findings align with previous literature documenting the relationship between exercise 

variety and enjoyment in children,66 suggesting that offering a variety of equipment and exercise 

choices during HIIT may be more appealing to students compared to traditional running-based 

HIIT. The physical educator also indicated favorable program satisfaction and plans to 

implement these exercises in future programming. Our process evaluation findings parallel those 



108 

 

of Leahy et al24 who demonstrated favorable program satisfaction among adolescent participants 

and program administrators completing a self-selected fitness- and skill-based HIIT program. In 

addition, Costigan et al16 reported favorable enjoyment scores from participants and high 

feasibility scores from the HIIT program administrators who, similar to the present study, 

intended to incorporate HIIT into PE lessons in the future. The information collected from the 

interview with the physical educator expands on previous HIIT literature conducting only survey 

assessments for process evaluations. We gathered important insights from the physical educator 

interview that may provide guidance for researchers implementing similar HIIT interventions in 

the future, including preferred exercises and additional implementation strategies to promote 

student engagement displayed in Table 10. Another encouraging finding was that the physical 

educator expressed that students performing INT did not have diminished skills for learned 

components outside of the intervention, despite dedicating a significant portion of class time to 

fitness- and skill-based HIIT. These findings support that students can perform fitness- and skill-

based HIIT to accumulate more PA without compromising their development of other important 

skills during PE. 

Our study has several strengths and limitations that must be acknowledged. First, we 

adopted a theoretical approach to focus on the quality of the HIIT intervention, which is lacking 

from previous school-based HIIT research. Second, we assessed both health-related and 

psychosocial outcomes to evaluate the broader impact of incorporating HIIT into existing PE 

programs. Additional strengths of the current study include the assessment of enjoyment during 

HIIT, as well as the use of HR measurement that allowed students to monitor their effort during 

PE and the HIIT circuit. Nevertheless, there are several limitations to this investigation including 

that the study was conducted within one public elementary school. With only three intervention 



109 

 

and two control classrooms, caution is warranted when interpreting the results for this feasibility 

study. Furthermore, the physical educator was highly skilled and had a successful PE program 

prior to the study, which may have impacted students’ perceptions of PE and likely improved our 

ability to deliver the intervention as intended. Although we assessed leisure-time PA at pre- and 

post-intervention and observed no group interaction, we did not evaluate PA participation 

outside of the intervention during the 6-weeks that may have contributed to our findings. Lastly, 

the use of a comprehensive assessment for motor competence beyond the five skills assessed in 

the present study is warranted for future work. Although we acknowledge that future, larger-

scale studies are needed to confirm our findings, our results provide preliminary evidence for the 

health benefits of a fitness- and skill-based HIIT protocol that was perceived favorably by 

students and the physical educator.   

Conclusions 

 Compared to traditional PE, implementing a fitness- and skill-based HIIT intervention 

into an existing PE program resulted in greater improvements in cardiorespiratory and muscular 

fitness and greater amounts of MVPA and VPA without compromising the quality of the PE 

program. Our findings extend existing school-based HIIT literature to highlight that 

incorporating fitness- and skill-based HIIT into PE can promote improvements in fitness without 

decreasing basic needs satisfaction in PE or intrinsic motivation for being physically active. 

Furthermore, the high program satisfaction scores and interview findings documented herein are 

important given that the feasibility of incorporating HIIT into school-based settings has been  

challenged.22 Overall, our findings exhibit that designing HIIT programs that offer a wide variety 

of exercise choices and intensity both in the work and recovery periods may be a successful 
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strategy for promoting fitness and positive psychosocial experiences during 4th and 5th grade 

elementary-school PE.  
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TABLES 

 

 

 

Table 7. Participant characteristics at baseline (mean ± SD).   

INT = intervention classes; CON = control classes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic Total (N=67) INT (n=45) CON (n=22) 

Age (years) 10.5 ± 0.9 10.5 ± 0.9 10.5 ± 0.9 

Females/ Males (n) 42/25 30/15 12/10 

4th Grade/5th grade (n) 32/35 19/26 13/9 

Body Mass Index 

Percentile 
51.3 ± 28.2 51.3 ± 27.7 51.3 ± 30 
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Table 8. Stations and exercise choices for the fitness- and skill-based HIIT protocol 
 

 

*Work interval stations 1, 3, 5, 7, 9 performed for 20 seconds for sessions 1-4 and increased to 30 

seconds for sessions 5-8. Exercises are the same for 4th and 5th graders. Active recovery stations 2, 4, 6, 8, 

10 performed for 30 seconds for sessions 1-8. †Two of the active recovery stations are different between 

5th and 4th grade classes because 4th grade had yet to learn certain circus arts activities. Note: 

Participants completed 3 rounds of the 10 stations per session. 
 

Station/Exercise Sessions 1 and 2 Sessions 3 and 4 Sessions 5 and 6 Sessions 7 and 8 

1. Medicine Balls (MB) 
Shoulder press & 

catch 

Single leg 

shoulder press & 

catch 

Squat to partner 

pass 

‘Choose your 

move’ from 

previous exercises 

2. Active Recovery #1: 5th grade: Long-handled circus arts manipulatives (spinning plates, flow wands, etc.) 

                                     4th grade: Sandbag toss into target† 

3. Plyometrics Hurdle run 

 

Hurdle run w/ ball 

overhead  

Hurdle double-leg 

hop 

‘Choose your 

move’  

4.  Active Recovery #2: 4th and 5th grade: Small circus arts manipulatives (batons, yo-yo, etc.) 

5. Fitness Ropes 
Standing side-to-

side waves 

Standing 

alternating waves   

OR  

double-arm slams 

Jumping jacks 

‘Choose your 

move’  

6.  Active Recovery #3: 5th grade: Juggling (scarves → balls) 

                                       4th grade: Ball throw target practice† 

7. Slam ball MB squat 
Alternating MB 

Wood chops 
Overhead slams 

‘Choose your 

move’  

8.  Active Recovery #4:  4th and 5th grade: Throw and catch activities (partner pass with ball, Ogo sport) 

9. Partner  

Body-weight Exercises 

Push-up 

high-fives 

Mountain climber 

high-fives 
Burpee high-fives 

‘Choose your 

move’  

10.  Active Recovery #5: 4th and 5th grade: Balance exercises (Spooner boards, can stilts, etc.) 
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Table 9. Change in select outcome measures for intervention (INT) and control (CON) (mean 

SD). 

Outcome INT CON 

 Pre Post Pre Post 

Fitness Measures       

 Push-ups (reps) 9.3 ± 6.3 8.3 ± 6.1 9.9 ± 4.3 10.3 ± 6.9 

Leisure-Time Physical Activity      

 # of days  

            (min – max = 0 - 7) 

5.1 ± 2.0 4.5 ± 1.7 5.6 ± 1.9 5.9 ± 1.3 

 EASY survey 

 (min - max= 0 - 98) 

 

27.0 ± 16.6 32.5 ± 18.8* 28.2 ± 15.3 34.7 ± 15.5* 

Physical Activity Enjoyment 

(PACES) 

(min-max= 0 - 35) 

 

33.3 ± 3.3 30.4 ± 7.1† 31.5 ± 4.2 32.7 ± 3.5 

Basic Needs Satisfaction  

(min – max = 1 – 7) 

    

       Perceptions of Autonomy  5.7 ± 1.0 5.6 ± 1.1 5.4 ± 1.0 4.9 ± 0.8 

       Perceptions of Competence 6.4 ± 0.7 6.3 ± 1.1 6.1 ± 1.0 6.1 ± 0.9 

       Perceptions of Relatedness  5.7 ± 1.4 5.6 ± 1.6 5.9 ± 1.0 5.5 ± 1.4 

      Total Needs Satisfaction  5.9 ± 0.7 5.8 ± 1.1 5.8 ± 0.7 5.5 ± 0.8 

Intrinsic Motivation  

(min – max = 1-7) 

6.5 ± 0.7 5.9 ± 1.2 6.3 ± 0.9 6.3 ± 1.0 

*Indicates significant change from pre- to post-intervention (P<0.05).  
†Indicates time by group interaction between INT and CON (P<0.05). 
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Table 10. Major themes reported from program satisfaction interview with physical educator  

 

Overall 

Perceptions of 

HIIT Intervention 

Likes Dislikes 
Future Planning 

Strategies 

• Great experience 

for students to 

try new 

equipment 

• Novel 

equipment 

(i.e. slam 

balls and 

fitness ropes)  

• Hurdle stations 

(low student 

effort) 

 

 

• Continue 

incorporating HIIT 

stations for varying 

durations  

• Believed 

intervention 

increased 

students’ PA 

levels 

• Progression 

of exercises 

• Small medicine 

balls (sometimes 

used 

inappropriately)  

 

• Complete 1-2 

rotations instead of 

3 rotations of circuit  

• HIIT circuit was 

not too tiring for 

students 

• Equipment-

based active 

recovery 

intervals 

• Juggling station 

(need separate 

lesson to become 

proficient) 

  

• Incorporate levels 

of difficulty at each 

high-intensity 

station  

• Students were 

engaged during 

the HIIT circuit  

 • Station 

preparation was 

a burden when 

other classes had 

different lesson 

plans 

• Try HIIT circuit 

with 2nd and 3rd 

graders to alleviate 

preparation burden 

• ‘Absolutely’ 

wants to use the 

circuit equipment 

in the future 

  • Students choose 1 

friend to complete 

stations with instead 

of all group 

members  
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FIGURES  

Figure 7. Study flow diagram of participants during the study  

*Note: primary outcome of cardiorespiratory fitness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

School consented to participate (N = 1)  

Baseline assessments conducted  

(N = 1 school, N= 67 students) 

Allocated to HIIT Intervention 

 (n= 3 classrooms; n= 45 students) 

Enrollment 

Allocated to active control 

 (n= 2 classrooms; n= 22 students) 

Randomized by classroom 

(N = 5 classrooms) 

Allocation 

Intervention  

Posttest 

Classes complete 6-week 

HIIT protocol at beginning of 

class (8 sessions) 

Classes continue usual PE 

programming for 6 weeks 

 (8 sessions) 

 

Testing at 6 weeks post-

baseline assessments 

(n = 2 classrooms, n = 19) 

86% retention 

 

 

 

Schools invited to participate (N = 1)  

Testing at 6 weeks post-

baseline assessments 

(n = 3 classrooms, n = 39) 

87% retention Participants with complete 

data for primary outcome* 

(n= 19) 

 

 

 

Participants with complete 

data for primary outcome* 

(n= 33) 
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Figure 8.1. Mean ± SD and individual changes in cardiorespiratory fitness (i.e. estimated 

VO2peak) in the intervention group (A) and the control group (B) from pre- to post-intervention. 

*Significant difference from pre-intervention (P<0.05)   
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Figure 8.2. Change in handgrip strength in the intervention group and the control group. Values 

are mean ± SE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.3. Change in motor competence in the intervention group and the control 

group. Values are mean ± SE. 
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CHAPTER 5 

Conclusion  

Summary 

 The current dissertation addresses fitness- and skill-based high-intensity interval training 

(HIIT) in children. This dissertation presents original data from two laboratory-based studies and 

a comprehensive HIIT intervention delivered in a physical education (PE) setting. The chapters 

are arranged in an intentional order: the initial, acute, laboratory-based study (chapter 2), 

followed by a second acute, laboratory-based study (chapter 3) that also investigated group-

based activity, and finally the outcomes of the intervention (chapter 4). This approach was 

chosen to investigate children’s acute responses and perceptions to performing high-intensity 

interval exercise (HIIE) in individual and group-based settings prior to implementing this form 

of exercise in an intervention setting, in that the findings from chapters 2 and 3 helped support 

the rationale for chapter 4. A summary and brief discussion of each chapter within the context of 

the dissertation and within existing literature are presented in the following text.  

Chapter 2: Cardiometabolic and Perceptual Responses to Body-Weight Resistance High-

Intensity Interval Exercise in Boys 

 The second chapter of this dissertation was a laboratory-based study investigating if 

body-weight resistance exercise provided a comparable cardiometabolic stimulus to treadmill-

based HIIE, which has been heavily documented in the literature. The outcome measures 

assessed during the protocols were VO2, HR, blood lactate concentration (BLa) and perceptual 

responses (i.e. affective valence, enjoyment, and perceived exertion). Results showed that both 

protocols were representative of HIIE (> 85% HRpeak). Also, both protocols demonstrated 

favorable perceptual responses that did not differ between protocols, and affective valence and 

enjoyment remained positive during and after exercise for the majority of participants. The 
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results from chapter 2 support that body-weight resistance exercise focused on both 

cardiorespiratory and muscular fitness is representative of HIIE and may be a feasible alternative 

to treadmill-based HIIE in boys. Although our findings are encouraging, it is crucial to identify 

HIIE protocols that are appropriate for children with various fitness levels and PA experience. 

Therefore, an important future research direction is to characterize the cardiometabolic and 

perceptual responses to fitness- and skill-based HIIE in unfit or obese children. 

 High-intensity interval training (HIIT) may be an effective strategy for children to attain 

VPA and improve health outcomes.5 Much of the previous literature investigated acute responses 

to treadmill- or cycling-based HIIE, which cannot be implemented in school or youth sport 

settings and does not provide additional important aspects of PA including muscular fitness and 

motor competence development.5,47 Therefore, fitness- and skill-based HIIT, such as sport drills 

or body-weight exercises, may be a more developmentally appropriate form of exercise to 

promote VPA in children. With only a few studies investigating the acute responses to this form 

of exercise, none of which included perceptual assessments,11,12,15 the exact cardiometabolic and 

perceptual responses to fitness- and skill-based HIIE in children remain unclear. Therefore, 

chapter 2 of this dissertation addressed this gap in the literature by comprehensively 

characterizing the acute VO2, HR, and BLa responses to body-weight resistance exercise in boys 

to determine if this form of exercise provides a vigorous cardiometabolic stimulus that may 

induce chronic adaptions when performed repeatedly. To our knowledge, this is the first study 

that measured children’s perceptual responses to a fitness- and skill-based HIIE protocol. 

Assessment of children’s enjoyment and affect (i.e. mood state) during acute bouts of HIIE are 

key because these factors influence future PA participation and adherence. Our results provide 
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preliminary evidence that body-weight resistance exercise is an enjoyable form of HIIE that may 

be implemented in future interventions to promote PA participation.    

Chapter 3: Acute Cardiometabolic and Perceptual Responses to Individual and Group-Based 

Body-weight Resistance Exercise in Girls 

 The third chapter of this dissertation is a continuation of chapter 2 and presents girls’ 

acute cardiometabolic and perceptual responses to body-weight resistance exercise performed in 

an individual and group-based setting. The outcome measures were identical to those presented 

in chapter 2, with the addition of blood pressure (BP) assessments to determine the 

cardiovascular strain provided by the HIIE protocols. To build upon the findings presented in 

chapter 2, following the individual exercise protocols, girls performed the body-weight 

resistance exercise circuit in a small group setting to determine if HR or perceptual responses 

differed among conditions. Results were comparable to those presented in chapter 2, yet in girls 

mean HR was highest in response to group-based HIIE. Despite the high-intensity nature of our 

body-weight resistance exercise circuit, similar to the findings in chapter 2, affective valence or 

exercise enjoyment did not decline during any exercise condition for the majority of girls and did 

not differ among protocols. 

 All existing acute laboratory-based HIIE research has assessed responses to children 

performing individual exercise,11,12,15 yet children rarely exercise on their own. To our 

knowledge, this was the first study characterize girls’ HR and perceptual responses to group-

based HIIE. The results from chapter 3 contribute substantially to our understanding of 

children’s responses to HIIE given that previous work regarding individually performed exercise 

may not translate to PA intervention settings. For example, children may be more motivated to 

exercise in a group setting opposed to on their own,26,67 which would likely translate to achieving 
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a higher exercise intensity and higher levels of enjoyment during group-based HIIE compared to 

previously reported data for individually performed HIIE. Using a novel assessment technique 

for perceptual scales and a team-based HR monitoring system, we demonstrated results that 

support this hypothesis. Specifically, small group-based HIIE provided a greater dose of VPA 

compared to individually performed HIIE without negatively influencing participant’s enjoyment 

or affect during exercise. However, given that enjoyment or affect responses did not differ 

between individual or group-based HIIE, it was important to take an additional step to determine 

which exercise condition participants preferred and their overall perceptions to this form of HIIE. 

To accomplish this, semi-structured interviews were conducted with each participant following 

group-based HIIE. Our interview data are the first to provide a qualitative explanation for 

perceptual scale results that have been documented previously in this dissertation and 

elsewhere.27,74 Although the exercises and the work : recovery ratios included in the present 

study may need to be modified to accommodate for a wide range of fitness levels among 

children, results from the interviews provide preliminary evidence for implementing similar HIIE 

protocols in group settings such as PE.  

Overall, findings from chapters 2 and 3 support that body-weight resistance exercise may 

be a feasible and enjoyable mode of HIIE that can be implemented in PE settings, thus providing 

the rationale for chapter 4.   

Chapter 4: Efficacy and Program Evaluation of a Fitness and Skill-Based High-Intensity 

Interval Training (HIIT) Program in Elementary School Physical Education  

 Chapter 4 of this dissertation presents the efficacy, feasibility, and program evaluation of 

an intervention targeting physical and psychosocial health outcomes through a fitness- and skill-
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based HIIT program. This intervention was delivered during PE, with five 4th and 5th grade 

classrooms at one school randomized to intervention (n= 3 classes) or control (n= 2) groups. 

Participants in the control group engaged in normal PE activities. Participants in the intervention 

group completed a 15-18-minute fitness- and skill-based HIIT circuit protocol at the beginning 

of PE. Over the six-week intervention period, this pretest-posttest randomized controlled study 

aimed to promote physical fitness, motor competence, PA behavior in PE, leisure-time PA, PA 

motivation, and basic psychological needs satisfaction during PE through a HIIT intervention 

that was guided by the Self Determination Theory (SDT).88 Results indicate that the intervention 

group showed significant improvements in cardiorespiratory fitness, muscular strength, and 

motor competence, and engaged in greater amounts of MVPA during PE relative to the control 

group. There were no intervention effects for students’ perceptions of autonomy, relatedness, and 

competence during PE or PA intrinsic motivation, all of which were high prior to the 

intervention and remained favorable after the intervention. Additionally, this intervention 

demonstrated favorable program satisfaction among students and the physical educator.  

This interdisciplinary study contributes to the existing body of HIIT literature that 

focuses mainly on physical health outcomes and fail to adopt a theoretical approach to their 

intervention.17-20 Our findings presented in chapter 4 provide support for the implementation of 

fitness- and skill-based HIIT protocols guided by the SDT as a strategy for students to increase 

their PA levels and intensity during PE, without compromising their perceptions of PE, PA 

behavior, or PA motivation. Even if focusing on physical health outcomes, future HIIT 

interventions should adopt a theoretical approach with the goal of positively influencing PA 

behavior outside of the intervention. This is especially important in the youth population, who 

are beginning to establish autonomous behavioral patterns that continue into young adulthood. 
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Our findings contribute to the HIIT intervention field by demonstrating that adopting a 

theoretical approach and assessing psychosocial outcomes contributes to a successful 

intervention and provides context to the broader impact of incorporating HIIT into PE. Our 

findings providing support for the SDT as a strong theoretical framework that can be adopted in 

future HIIT interventions as a means to promote both physical and psychosocial health in 

children.24   

This HIIT intervention was the first to assess students’ enjoyment during exercise, which 

may be a stronger predictor of PA participation compared to pre- and post-assessments as done 

previously.16,126 Using novel technology (i.e. the Plicker magnet system) we were able to collect 

data on children’s enjoyment during HIIT in real-time within a large group setting. These results 

provide a depth to our understanding of how children perceive HIIT and can inform future 

intervention work in this area. For example, in chapters 2 and 3, we demonstrated high 

enjoyment scores during body-weight resistance HIIE in active boys and girls. However, student 

enjoyment scores during our HIIT intervention were lower than in control classrooms, although 

the program was perceived favorably and had no apparent negative psychosocial consequences. 

It is likely that although the exercises changed throughout the intervention to provide variety and 

thus promote enjoyment,66 performing the circuit at the beginning of every PE class for six 

weeks as opposed to less frequently may have led to the lower enjoyment scores in the 

intervention group. Therefore, an interesting future research direction may be to establish the 

minimal dose of HIIE required to induce beneficial adaptations in a PE setting, whether it be a 

shorter protocol duration or the same protocol performed less frequently, while maintaining 

student engagement.  
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The majority of previous HIIT interventions conducting a program evaluation report only 

quantitative results,16,24 while this study adds to this body of literature by reporting both survey 

and qualitative results regarding the students’ and the physical educator’s acceptability of the 

intervention. The positive program satisfaction scores from students align with the physical 

educator’s plan to use the included equipment and station format in the future. Although these 

results are encouraging, our findings need to be replicated in PE programs that are less advanced 

and have physical educators with lower engagement as the one in the present study, which may 

make implementation more challenging. Further, the semi-structured interview with the physical 

educator revealed noteworthy practical implications. For example, the physical educator liked 

the equipment used (i.e. slam balls, fitness ropes), the progression of exercises, and the 

implementation of equipment-based active recovery intervals focused on motor competence. 

This provides support and guidance for researchers and practitioners who may wish to 

incorporate exercises within active recovery intervals as opposed to walking or stationary rest 

periods as more commonly done.5,17 In conclusion, the findings presented in chapter 4 support 

the use of fitness- and skill-based HIIT as a strategy to promote PA behavior and physical fitness 

without compromising the psychosocial experiences students feel during PE. 

 

Implications and Future Directions 

Performing preliminary acute laboratory-based studies successfully translated to an effective 

intervention 

We performed acute laboratory-based studies in chapters 2 and 3 to determine the 

exercise stimulus provided by body-weight resistance exercise, which contributed to our 

successful HIIT intervention. For example, in these acute studies we gained an 
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understanding that body-weight resistance exercise provided a greater dose of VPA 

compared to treadmill running. Thus, there was preliminary evidence for our hypothesis 

that if delivered in an intervention setting, HIIT would improve cardiorespiratory fitness 

attendant with participation in VPA. However, given that our body-weight resistance 

exercise protocols were near-maximal for the entire protocol duration, the HIIT 

intervention protocol in the PE study included various exercises and equipment in 

addition to body-weight exercises to accommodate for a wide range of PA experience 

and fitness levels among students (see Table 7; chapter 4). An additional rationale for this 

decision was to provide participants with a greater variety, which has been associated to 

higher levels of exercise enjoyment in children.66 Another valuable insight we gained 

from Chapter 3 that informed our intervention design is that girls worked harder and 

enjoyed exercising more in a small group setting. Thus, the PE intervention involved 

students performing HIIT in small groups with their peers as opposed to one large group, 

which likely contributed to the favorable program satisfaction experienced by the 

students after the intervention.  

It is likely that HIIT research will continue to expand beyond running-based protocols to 

include a variety of creative exercise modalities. This dissertation highlights the need for 

future work to perform diligent acute-based studies to characterize children’s 

cardiometabolic and perceptual responses to the exercise prior to implementing it in an 

intervention setting to better support their hypothesized intervention effects. For example, 

the acute portion of this dissertation utilized a 30:30s work:recovery ratio and performed 

two sets of 4 exercises, which may or may not be the most optimal protocol. In the 

second acute study, we provided girls with a target repetition range for the second set of 
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exercises based on their performance in the first set, which may have contributed to a 

higher HR and greater work effort. This is one advantage of utilizing protocols with two 

sets of the same exercises, as opposed to a protocol with all different exercises. However, 

future acute testing should examine responses to fitness- and skill-based HIIT of varying 

work:recovery ratios and protocol length, especially 15:15s for 5-10 minute protocols 

since this closely emulates children’s habitual movement patterns. Once protocol 

durations are established, further studies are needed to determine an appropriate length 

for HIIT interventions (i.e. 6 weeks vs. 8 weeks, etc.) that elicit health benefits and 

sustain participant engagement. Also, resistance training has been advocated as a suitable 

alternative to running exercise in obese populations, and more work is needed to 

characterize acute responses to equipment-based HIIT protocols (i.e. medicine balls, 

fitness ropes) in overweight/unfit children since this has only been done in fit children 

previously.  

 

Interdisciplinary work is encouraged for fitness- and skill-based HIIT research  

Given that students’ perceptions during PE influence their PA behaviors outside of the 

school environment, the type of activities in which students engage during PE have the 

likelihood to influence leisure-time PA behavior.87,88 Therefore, when performing acute- 

or intervention-based HIIT research, it is essential to perform interdisciplinary work to 

assess both the physiological and psychosocial consequences of performing such 

exercise. By adopting this interdisciplinary approach, we were able to design a fitness- 

and skill-based HIIT intervention that improved students’ physical fitness and increased 

their amount of PA during PE, without inducing negative perceptions towards PE or 
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decreasing their leisure-time PA participation. If future work also adopts this approach, 

we may gather a larger body of evidence that refutes the previous claim and preconceived 

notions that implementing HIIT within the school context is unsafe and infeasible.22  

 

In addition to the Self-Determination Theory (SDT), future HIIT research should investigate 

other frameworks  

As mentioned previously, our HIIT intervention was grounded in the SDT and was 

strategically designed to promote students’ perceptions of competence, autonomy, and 

relatedness (i.e. basic needs satisfaction) during PE as well as leisure-time PA behavior. 

The relational component of the SDT was also addressed in Chapter 3, where performing 

HIIT with peers was preferred over individual exercise. Although our intervention did not 

result in significant improvements in students’ basic needs satisfaction, it did improve 

students’ leisure-time PA behavior and actual motor competence. A likely explanation for 

our null findings is that participants demonstrated strong fulfillment of their basic 

psychological needs during PE and intrinsic PA motivation prior to the start of the 

intervention, resulting in a ceiling effect. Therefore, an important future research 

direction is to implement similar HIIT interventions in PE programs where students 

present unfavorable basic needs satisfaction in PE at study onset. This would permit 

additional research questions to be addressed, including if fitness- and skill-based HIIT 

guided by the SDT is more effective and appropriate for improving both physiological 

and psychosocial outcomes in this population. Aside from further testing of the suitability 

of the SDT in fitness- and skill-based HIIT research, there may be other theoretical 

frameworks that may elicit more salient changes. One such theory that has been applied 
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to promote positive psychosocial experiences in PE is the AGT.172,173 This theory focuses 

on creating a task-oriented mastery climate to promote perceptions of competence.172 

Core to the AGT is promoting a supportive learning environment where effort is 

important for improvement, which could provide a framework for future HIIT 

interventions, especially those that are teacher-facilitated. For example, similar to the 

work in this dissertation, the physical educator could focus on skill development during 

fitness- and skill-based work and recovery stations and have students participate in small 

groups, as opposed to running-based HIIT that is often performed in a large group setting 

during PE. These practices would help mitigate normative comparisons among students, 

a component of the maladaptive performance climate of the AGT, and in turn may 

promote students’ perceptions of competence and positive motivational outcomes.172,173   

 

Fitness- and skill-based HIIT was well-accepted by children and the physical educator 

Although there is a large body of literature on school-based HIIT interventions, little is 

known regarding children’s perceptions of HIIT and how embedding HIIT into existing 

PE programs may influence learning objective achievement. While in Chapter 3 we 

demonstrated that girls would be willing to try fitness- and skill-based HIIT during PE, it 

was important to design the HIIT intervention based on the physical educator’s learning 

objectives. While previous HIIT research reported favorable program satisfaction survey 

data that align with our findings,16,24 we also demonstrated that incorporating HIIT into 

PE increased students’ PA and still showed ability to reach the same learning objectives 

as the classrooms that did not participate in HIIT. While we came to this conclusion 

qualitatively following the intervention, it would be important for future research to 
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quantitively assess if incorporating fitness- and skill-based HIIT into PE affects students’ 

ability to achieve all learning outcomes/skill development. Overall, designing our fitness- 

and skill-based HIIT protocol in collaboration with the physical educator likely 

contributed to favorable program satisfaction among students and the physical educator, 

and similar processes should be conducted in future work to promote program 

sustainability.  

 

Dissertation Strengths and Limitations  

Despite our encouraging findings from the acute and intervention studies, there are 

several limitations and strengths to this dissertation. First, the acute studies utilized 

recreationally active boys and girls that ranged from healthy to overweight. Therefore, 

future studies examining the acute responses to HIIT in various populations, including 

sedentary children, obese children, and various age groups, are warranted. Second, the 

intervention study was conducted in one school that involved a highly skilled physical 

educator with a successful physical education program. Therefore, caution must be 

warranted when interpreting the results of these feasibility studies. Despite these 

limitations, all three of these dissertation studies took an interdisciplinary approach and 

contributed both acute and chronic perceptual and psychosocial data that was previously 

lacking from the field of children’s HIIT research. Further, we gained a deeper 

understanding of children’s acute responses to fitness- and skill-based HIIT by assessing 

blood lactate concentration and blood pressure during circuit- and treadmill-based HIIT 

and heart rate during group-based HIIT, as presented in chapters 2 and 3.     
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Conclusion 

Previous HIIT research tends to focus on the intensity of PA achieved and/or physical 

health outcomes and not the quality of students’ psychosocial experiences. This dissertation 

suggests that fitness- and skill-based HIIT, including body-weight resistance exercise, is one 

strategy to promote the amount and intensity of PA without compromising children’s exercise 

enjoyment or perceptions towards PA. As supported by this dissertation, future HIIT 

interventions may use the SDT as a framework to promote improvements in both physical fitness 

and maintain positive psychosocial experiences within the PE context. 
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Use: These funds were used to compensate data collection staff for dissertation study 3 

and to purchase a wrist-worn heart rate system for dissertation study 3. 
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2. Blue Cross Blue Shield Student Grant - 2019 

From: Blue Cross Blue Shield of Michigan 

Unfunded - $2,000 

 



145 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 



146 

 

REFERENCES  

 

1. Physical Activity Guidelines Advisory Committee Scientific Report. U.S. Department of 

Health and Human Services website. https://health.gov/our-work/physical-activity/current-

guidelines/scientific-report. Accessed September 1, 2020. 

 

2. Carson V, Rinaldi RL, Torrance B, et al. Vigorous physical activity and longitudinal 

associations with cardiometabolic risk factors in youth. Int J Obes (Lond). 2014;38(1):16-21. 

doi:10.1038/ijo.2013.135 

 

3. Ruiz JR, Rizzo NS, Hurtig-Wennlöf A, Ortega FB, Wärnberg J, Sjöström M. Relations of 

total physical activity and intensity to fitness and fatness in children: the European Youth Heart 

Study. Am J Clin Nutr. 2006;84(2):299-303. doi:10.1093/ajcn/84.1.299 

 

4. Butte NF, Watson KB, Ridley K, et al. A Youth Compendium of Physical Activities: 

Activity Codes and Metabolic Intensities. Med Sci Sports Exerc. 2018;50(2):246-256. 

doi:10.1249/MSS.0000000000001430 

 

5. Bond B, Weston KL, Williams CA, Barker AR. Perspectives on high-intensity interval 

exercise for health promotion in children and adolescents. Open Access J Sports Med. 

2017;8:243-265. doi:10.2147/OAJSM.S127395 

 

6. Dias KA, Ingul CB, Tjønna AE, et al. Effect of High-Intensity Interval Training on 

fitness, fat mass and cardiometabolic biomarkers in children with obesity: a randomised 

controlled trial. Sports Med. 2017;48(3):733-746. doi:10.1007/s40279-017-0777-0 

 

7. Bond B, Gates PE, Jackman SR, Corless LM, Williams CA, Barker AR. Exercise 

intensity and the protection from postprandial vascular dysfunction in adolescents. Am J Physiol 

Heart Circ Physiol. 2015;308(11):H1443-50. doi:10.1152/ajpheart.00074.2015 

 

8. Hands B. Changes in motor skill and fitness measures among children with high and low 

motor competence: a five-year longitudinal study. J Sci Med Sport. 2008;11(2):155-62. 

doi:10.1016/j.jsams.2007.02.012 

 

9. Fransen J, Deprez D, Pion J, et al. Changes in physical fitness and sports participation 

among children with different levels of motor competence: a 2-year longitudinal study. Pediatr 

Exerc Sci. 2014;26(1):11-21. doi:10.1123/pes.2013-0005 

 

10. Bailey RC, Olson J, Pepper SL, Porszasz JA, Barstow TJ, Cooper DM. The level and 

tempo of children's physical activities: an observational study. Med Sci Sports Exerc. 

1995;27:1033-1033. doi: 10.1249/00005768-199507000-00012 

 



147 

 

11. Faigenbaum AD, Kang J, Ratamess NA, et al. Acute cardiometabolic responses to a 

novel training rope protocol in children. J Strength Cond Res. 2018;32(5):1197-1206. 

doi:10.1519/JSC.0000000000002466 

12. Faigenbaum AD, Kang J, Ratamess NA, et al. Acute cardiometabolic responses to 

medicine ball interval training in children. Int J Exerc Sci. 2018;11(4):886-899. PMCID: 

PMC6033503 

 

13. Faigenbaum A, Kang J, Ratamess NA, et al. Acute cardiometabolic responses to multi-

modal integrative neuromuscular training in children. J Funct Morphol Kinesiol. 2019;4(39). doi: 

10.3390/jfmk4020039  

 

14. Schneider M, Dunn A, Cooper D. Affect, exercise, and physical activity among healthy 

adolescents. J Sport Exerc Psychol. 2009;31(6):706-23. doi: 10.1123/jsep.31.6.706 

  

15. Harris NK, Dulson DK, Logan GRM, Warbrick IB, Merien FLR, Lubans DR. Acute 

responses to resistance and high-intensity interval training in early adolescents. J Strength Cond 

Res. 2017;31(5):1177-1186. doi:10.1519/JSC.0000000000001590 

 

16. Costigan SA, Eather N, Plotnikoff RC, et al. Preliminary efficacy and feasibility of 

embedding high intensity interval training into the school day: A pilot randomized controlled 

trial. Prev Med Rep. 2015;2:973-9. doi:10.1016/j.pmedr.2015.11.001 

 

17. Engel FA, Wagner MO, Schelhorn F, et al. Classroom-Based micro-sessions of 

functional high-intensity circuit training enhances functional strength but not cardiorespiratory 

fitness in school children-a feasibility study. Front Public Health. 2019;7:291. 

doi:10.3389/fpubh.2019.00291 

 

18. Ketelhut S, Kircher E, Ketelhut SR, Wehlan E, Ketelhut K. Effectiveness of multi-

activity, high-intensity interval training in school-aged children. Int J Sports Med. Apr 

2020;41(4):227-232. doi:10.1055/a-1068-9331 

 

19. Tottori N, Morita N, Ueta K, Fujita S. Effects of high intensity interval training on 

executive function in children aged 8-12 years. Int J Environ Res Public Health. 10 2019;16(21). 

doi:10.3390/ijerph16214127 

 

20. Faigenbaum AD, Bush JA, McLoone RP, et al. Benefits of strength and skill-based 

training during primary school physical education. J Strength Cond Res. May 2015;29(5):1255-

62. doi:10.1519/JSC.0000000000000812 

 

21. Faigenbaum AD, Farrell A, Fabiano M, et al. Effects of integrative neuromuscular 

training on fitness performance in children. Pediatr Exerc Sci. Nov 2011;23(4):573-84. doi: 

10.1123/pes.23.4.573 

 



148 

 

22. Biddle SJ, Batterham AM. High-intensity interval exercise training for public health: a 

big HIT or shall we HIT it on the head? Int J Behav Nutr Phys Act. Jul 2015;12:95. 

doi:10.1186/s12966-015-0254-9 

 

23. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, 

social development, and well-being. Am Psychol. Jan 2000;55(1):68-78 

  

24. Leahy AA, Eather N, Smith JJ, et al. Feasibility and preliminary efficacy of a teacher-

facilitated high-intensity interval training intervention for older adolescents. Pediatr Exerc Sci. 

02 2019;31(1):107-117. doi:10.1123/pes.2018-0039 

 

25. Bruner MW, Eys MA, Wilson KS, Côté J. Group cohesion and positive youth 

development in team sport athletes. Sport Exerc Perform Psychol. 2014;3(4):219. doi: 

10.1037/spy0000017 

 

26. Fox LD, Rejeski WJ, Gauvin L. Effects of leadership style and group dynamics on 

enjoyment of physical activity. Am J Health Promot. 2000;14(5):277-83. doi:10.4278/0890-

1171-14.5.277 

 

27. Malik AA, Williams CA, Weston KL, Barker AR. Perceptual and cardiorespiratory 

responses to high-intensity interval exercise in adolescents: does work intensity matter? J Sports 

Sci Med. Mar 2019;18(1):1-12. PMCID: PMC6370969 

 

28. Prusak KA, Treasure DC, Darst PW, Pangrazi RP. The effects of choice on the 

motivation of adolescent girls in physical education. J Teach Phys Educ. 2004;23(1):19-29. doi: 

10.1123/jtpe.23.1.19 

 

29. Beauchamp MR, Carron AV, McCutcheon S, Harper O. Older adults' preferences for 

exercising alone versus in groups: considering contextual congruence. Ann Behav Med. 

2007;33(2):200-206. doi: 10.1007/BF02879901 

  

30. Gralla MH, McDonald SM, Breneman C, Beets MW, Moore JB. Associations of 

objectively measured vigorous physical activity with body composition, cardiorespiratory 

fitness, and cardiometabolic health in youth: a review. Am J Lifestyle Med. 2019;13(1):61-97. 

doi:10.1177/1559827615624417 

 

31. National Physical Activity Plan Alliance. The 2018 United States Report Card on 

Physical Activity for Children and Youth. Washington, DC; 2018 

 

32. Cairney J, Dudley D, Kwan M, Bulten R, Kriellaars D. Physical literacy, physical activity 

and health: toward an evidence-informed conceptual model. Sports Med. Mar 2019;49(3):371-

383. doi:10.1007/s40279-019-01063-3 

 



149 

 

33. Gutin B, Barbeau P, Owens S, et al. Effects of exercise intensity on cardiovascular 

fitness, total body composition, and visceral adiposity of obese adolescents. Am J Clin Nutr. 

2002;75(5):818-26. doi: 10.1093/ajcn/75.5.818 

 

34. Chaput JP, Lambert M, Mathieu ME, Tremblay MS, O' Loughlin J, Tremblay A. Physical 

activity vs. sedentary time: independent associations with adiposity in children. Pediatr Obes. 

2012;7(3):251-8. doi:10.1111/j.2047-6310.2011.00028.x 

 

35. Ortega FB, Ruiz JR, Hurtig-Wennlöf A, et al. Cardiovascular fitness modifies the 

associations between physical activity and abdominal adiposity in children and adolescents: the 

European Youth Heart Study. Br J Sports Med. 2010;44(4):256-62. 

doi:10.1136/bjsm.2008.046391 

 

36. Hay J, Maximova K, Durksen A, et al. Physical activity intensity and cardiometabolic 

risk in youth. Arch Pediatr Adolesc Med. 2012;166(11):1022-9. 

doi:10.1001/archpediatrics.2012.1028 

 

37. Jiménez-Pavón D, Ruiz JR, Ortega FB, et al. Physical activity and markers of insulin 

resistance in adolescents: role of cardiorespiratory fitness levels--the HELENA study. Pediatr 

Diabetes. 2013;14(4):249-58. doi:10.1111/pedi.12000 

 

38. Pfeiffer KA, Wierenga MJ. Promoting physical activity through youth sport. Kinesiology 

Review. 2019;8(3):204-210. doi: 10.1123/kr.2019-0033 

 

39. Castelli DM, Valley JA. Chapter 3: The relationship of physical fitness and motor 

competence to physical activity. J Teach Phys Educ. 2007;26:358–374 

 

40. Gallahue D, Cleland Donnelly F. Developmental Physical Education for All Children. 4 

ed. Human Kinetics; 2003 

 

41. Rudisill ME, Mahar MT, Meaney KS. The relationship between children's perceived and 

actual motor competence. Percept Mot Skills. 1993;76(3 Pt 1):895-906. 

doi:10.2466/pms.1993.76.3.895 

 

42. Carroll B, Loumidis J. Children’s perceived competence and enjoyment in physical 

education and physical activity outside school. Eur Phy Educ Rev. 2001;7(1):24-43. doi: 

10.1177/1356336X010071005 

 

43. Stodden DF, Goodway JD, Langendorfer SJ, et al. A Developmental perspective on the 

role of motor skill competence in physical activity: an emergent relationship. Quest. 

2008;60:290-306. doi: 10.1080/00336297.2008.10483582 

 

44. Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA. The relationship between 

motor proficiency and physical activity in children. Pediatrics. Dec 2006;118(6):e1758-65. 

doi:10.1542/peds.2006-0742 



150 

 

45. Erwin HE, Castelli DM. National physical education standards: a summary of student 

performance and its correlates. Res Q Exerc Sport. 2008;79(4):495-505. 

doi:10.1080/02701367.2008.10599516 

46. Hume C, Okely A, Bagley S, et al. Does weight status influence associations between 

children's fundamental movement skills and physical activity? Res Q Exerc Sport. 

2008;79(2):158-65. doi:10.1080/02701367.2008.10599479 

 

47. Lloyd RS, Faigenbaum AD, Stone MH, et al. Position statement on youth resistance 

training: the 2014 International Consensus. Br J Sports Med. 2014;48(7):498-505. 

doi:10.1136/bjsports-2013-092952 

 

48. Granacher U, Muehlbauer T, Doerflinger B, Strohmeier R, Gollhofer A. Promoting 

strength and balance in adolescents during physical education: effects of a short-term resistance 

training. J Strength Cond Res. 2011;25(4):940-9. doi:10.1519/JSC.0b013e3181c7bb1e 

 

49. Flanagan SP, Laubach LL, De Marco GM, et al. Effects of two different strength training 

modes on motor performance in children. Res Q Exerc Sport. 2002;73(3):340-4. 

doi:10.1080/02701367.2002.10609029 

 

50. Lloyd RS, Radnor JM, De Ste Croix MB, Cronin JB, Oliver JL. Changes in sprint and 

jump performances after traditional, plyometric, and combined resistance training in male youth 

pre- and post-peak height velocity. J Strength Cond Res. 2016;30(5):1239-47. 

doi:10.1519/JSC.0000000000001216 

 

51. Yu CC, Sung RY, So RC, et al. Effects of strength training on body composition and 

bone mineral content in children who are obese. J Strength Cond Res. 2005;19(3):667-72. 

doi:10.1519/14994.1 

 

52. Ishikawa S, Kim Y, Kang M, Morgan DW. Effects of weight-bearing exercise on bone 

health in girls: a meta-analysis. Sports Med. 2013;43(9):875-92. doi:10.1007/s40279-013-0060-y 

 

53. Valovich McLeod TC, Decoster LC, Loud KJ, et al. National Athletic Trainers' 

Association position statement: prevention of pediatric overuse injuries. J Athl Train. 

2011;46(2):206-20. doi:10.4085/1062-6050-46.2.206 

 

54. Trajković N, Madić D, Andrašić S, Milanović Z, Radanović D. Effects of medicine ball 

training on physical fitness in primary school children. J Phys Educ Sport. 2017;15(1):185 - 193. 

doi: 10.22190/FUPES1701185T 

 

55. Faigenbaum A, Mediate P. Medicine ball for all: A novel program that enhances physical 

fitness in school-age youths. Am J Health Educ. 2006;77(7):25-45. doi: 

10.1080/07303084.2006.10597903 

 

 



151 

 

56. Costigan SA, Eather N, Plotnikoff RC, Taaffe DR, Lubans DR. High-intensity interval 

training for improving health-related fitness in adolescents: a systematic review and meta-

analysis. Br J Sports Med. 2015;49(19):1253-61. doi:10.1136/bjsports-2014-094490 

57. Lau PW, Wong dP, Ngo JK, Liang Y, Kim CG, Kim HS. Effects of high-intensity 

intermittent running exercise in overweight children. Eur J Sport Sci. 2015;15(2):182-90. 

doi:10.1080/17461391.2014.933880 

 

58. Racil G, Ben Ounis O, Hammouda O, et al. Effects of high vs. moderate exercise 

intensity during interval training on lipids and adiponectin levels in obese young females. Eur J 

Appl Physiol. 2013;113(10):2531-40. doi:10.1007/s00421-013-2689-5 

 

59. Baquet G, Berthoin S, Gerbeaux M, Van Praagh E. High-intensity aerobic training during 

a 10 week one-hour physical education cycle: effects on physical fitness of adolescents aged 11 

to 16. Int J Sports Med. 2001;22(4):295-300. doi:10.1055/s-2001-14343 

 

60. Buchan DS, Ollis S, Young JD, Cooper SM, Shield JP, Baker JS. High intensity interval 

running enhances measures of physical fitness but not metabolic measures of cardiovascular 

disease risk in healthy adolescents. BMC Public Health. 2013;13:498. doi:10.1186/1471-2458-

13-498 

 

61. Buchan DS, Ollis S, Young JD, et al. The effects of time and intensity of exercise on 

novel and established markers of CVD in adolescent youth. Am J Hum Biol. 2011;23(4):517-26. 

doi:10.1002/ajhb.21166 

 

62. Martin R, Buchan DS, Baker JS, Young J, Sculthorpe N, Grace FM. Sprint interval 

training (SIT) is an effective method to maintain cardiorespiratory fitness (CRF) and glucose 

homeostasis in Scottish adolescents. Biol Sport. 2015;32(4):307-13. 

doi:10.5604/20831862.1173644 

 

63. Baquet G, Guinhouya C, Dupont G, Nourry C, Berthoin S. Effects of a short-term 

interval training program on physical fitness in prepubertal children. J Strength Cond Res. 

2004;18(4):708-13. doi:10.1519/13813.1 

 

64. Baquet G, Berthoin S, Dupont G, Blondel N, Fabre C, van Praagh E. Effects of high 

intensity intermittent training on peak VO(2) in prepubertal children. Int J Sports Med. 

2002;23(6):439-44. doi:10.1055/s-2002-33742 

 

65. Hulteen RM, Morgan PJ, Barnett LM, Stodden DF, Lubans DR. Development of 

foundational movement skills: a conceptual model for physical activity across the lifespan. 

Sports Med. 2018;48(7):1533-1540. doi:10.1007/s40279-018-0892-6 

 

66. Juvancic-Heltzel JA, Glickman EL, Barkley JE. The effect of variety on physical activity:  

a cross-sectional study. J Strength Cond Res. 2013;27(1):244-51. 

doi:10.1519/JSC.0b013e3182518010 

 



152 

 

67. Scanlan TK, Stein GL, Ravizza K. An in-depth study of former elite figure skaters: II. 

Sources of enjoyment. J Sport Exerc Psychol. 1989;11(1):65-83 

68. Estabrooks PA. Group integration interventions in exercise. In: Beauchamp MR, Eys 

MA, eds. Group dynamics in exercise and sport psychology. Routledge; 2014 

 

69. Roetert EP, Ellenbecker TS, Kriellaars D. Physical literacy: why should we embrace this 

construct? Br J Sports Med. 2018;52(20):1291-1292. doi:10.1136/bjsports-2017-098465 

 

70. Scanlan TK, Carpenter PJ, Lobel M, Simons JP. Sources of enjoyment for youth sport 

athletes. Pediatr Exerc Sci. 1993;5(3):275-285. doi: 10.1123/pes.5.3.275 

 

71. Ekkekakis P. Pleasure and displeasure from the body: Perspectives from exercise. Cogn 

Emot. 2003;17(2):213-239. doi:10.1080/02699930302292 

 

72. Thum JS, Parsons G, Whittle T, Astorino TA. High-intensity interval training elicits 

higher enjoyment than moderate intensity continuous exercise. PLoS One. 2017;12(1):e0166299. 

doi:10.1371/journal.pone.0166299 

 

73. Alicea SK, Parrott AD, Manos TM, Kwon YS. Comparison of the affective responses to 

continuous training and high-intensity interval training protocols: application of the dual-mode 

model. J Strength Cond Res. 2020. doi: 10.1519/jsc.0000000000003282 

  

74. Malik AA, Williams CA, Weston KL, Barker AR. Perceptual responses to high- and 

moderate-intensity interval exercise in adolescents. Med Sci Sports Exerc. 2018;50(5):1021-

1030. doi:10.1249/MSS.0000000000001508 

 

75. Follador L, Alves RC, Ferreira SDS, et al. Physiological, perceptual, and affective 

responses to six high-intensity interval training protocols. Percept Mot Skills. 2018;125(2):329-

350. doi:10.1177/0031512518754584 

 

76. Weston KL, Azevedo LB, Bock S, Weston M, George KP, Batterham AM. Effect of 

novel, school-based high-intensity interval training (hit) on cardiometabolic health in 

adolescents: project FFAB (fun fast activity blasts) - an exploratory controlled before-and-after 

trial. PLoS One. 2016;11(8):e0159116. doi:10.1371/journal.pone.0159116 

 

77. Hollis JL, Williams AJ, Sutherland R, et al. A systematic review and meta-analysis of 

moderate-to-vigorous physical activity levels in elementary school physical education lessons. 

Prev Med. 2016;86:34-54. doi:10.1016/j.ypmed.2015.11.018 

 

78. Chow BC, McKenzie TL, Louie L. Children's physical activity and environmental 

influences during elementary school physical education. J Teach Phys Educ. 2008;27:38–50. doi: 

10.1123/jtpe.27.1.38 

 

79. Kremer MM, Reichert FF, Hallal PC. Intensity and duration of physical efforts in 

Physical Education classes. Rev Saude Publica. 2012;46(2):320-6 



153 

 

80. Lambrick D, Westrupp N, Kaufmann S, Stoner L, Faulkner J. The effectiveness of a 

high-intensity games intervention on improving indices of health in young children. J Sports Sci. 

2016;34(3):190-8. doi:10.1080/02640414.2015.1048521 

 

81. Faigenbaum AD, Myer GD, Farrell A, et al. Integrative neuromuscular training and sex-

specific fitness performance in 7-year-old children: an exploratory investigation. J Athl Train. 

2014;49(2):145-53. doi:10.4085/1062-6050-49.1.08 

 

82. Duncan MJ, Eyre ELJ, Oxford SW. The Effects of 10-week integrated neuromuscular 

training on fundamental movement skills and physical self-efficacy in 6-7-year-old children. J 

Strength Cond Res. 2018;32(12):3348-3356. doi:10.1519/JSC.0000000000001859 

 

83. Errisuriz VL, Golaszewski NM, Born K, Bartholomew JB. Systematic review of physical 

education-based physical activity interventions among elementary school children. J Prim Prev. 

2018;39(3):303-327. doi:10.1007/s10935-018-0507-x 

 

84. Cox AE, Smith AL, Williams L. Change in physical education motivation and physical 

activity behavior during middle school. J Adolesc Health. 2008;43(5):506-13. 

doi:10.1016/j.jadohealth.2008.04.020 

 

85. Vallerand R. Toward a hierarchical model of intrinsic and extrinsic motivation. In: Zanna 

M, ed. Advances in Experimental Social Psychology. Academic Press; 1997:271–360 

 

86. Tremblay MS, Longmuir PE, Barnes JD, et al. Physical literacy levels of Canadian 

children aged 8-12 years: descriptive and normative results from the RBC Learn to Play-CAPL 

project. BMC Public Health. 2018;18(Suppl 2):1036. doi:10.1186/s12889-018-5891-x 

 

87. Curran T, Standage M. Psychological needs and the quality of student engagement in 

physical education: Teachers as key facilitators. J Teach Phys Educ. 2017;36(3):262-276. doi: 

10.1123/jtpe.2017-0065 

 

88. Standage M, D uda JL, Ntoumanis N. A test of self-determination theory in school 

physical education. Psychologist. 2005;75:411–433. doi: 10.1348/000709904X22359 

  

89. Ntoumanis N. A prospective study of participation in optional school physical education, 

using a self-determination theory framework. J  Educ Psycholy. 2005;97:444–453. doi: 

10.1037/0022-0663.97.3.444 

 

90. Papaioannou A. Development of a questionnaire to measure achievement orientations in 

physical education. Res Q Exerc Sport.1994;65(1):11-20. doi:10.1080/02701367.1994.10762203 

 

91. Dupont J-P, Carlier G, Gérard P, Delens C. Teacher–student negotiations and its relation 

to physical education students’ motivational processes: An approach based on self determination 

theory. Eur Phy Educ Rev. 2009;15(1):21-46. doi: 10.1177/1356336X09105210 

 



154 

 

92. Hopple CJ. Top 10 reasons why children find physical activity to be fun. Strategies. 

2018;31(3):40-47. doi: 10.1080/08924562.2018.1442272 

 

93. Standage M, Duda JL, Ntoumanis N. A model of contextual motivation in physical 

education: using constructs from self-determination and achievement goal theories to predict 

physical activity intentions. J  Educ Psycholy. 2003;95(1):97–110. doi: 10.1037/0022-

0663.95.1.97  

 

94. Lonsdale C, Rosenkranz RR, Sanders T, et al. A cluster randomized controlled trial of 

strategies to increase adolescents' physical activity and motivation in physical education: results 

of the Motivating Active Learning in Physical Education (MALP) trial. Prev Med. 

2013;57(5):696-702. doi:10.1016/j.ypmed.2013.09.003 

 

95. Grolnick WS, Ryan RM. Autonomy in children's learning: an experimental and 

individual difference investigation. J Pers Soc Psychol. 1987;52(5):890-8. doi:10.1037//0022-

3514.52.5.890 

 

96. Assor A, Kaplan H, Roth G. Choice is good, but relevance is excellent: Autonomy‐

enhancing and suppressing teacher behaviors predicting students’ engagement in schoolwork. Br 

J Educ Psycholy. 2002;72:261–278. doi: 10.1348/000709902158883 

 

97. Sylvester BD, Standage M, Ark TK, et al. Is variety a spice of (an active) life?: perceived 

variety, exercise behavior, and the mediating role of autonomous motivation. J Sport Exerc 

Psychol. 2014;36(5):516-27. doi:10.1123/jsep.2014-0102 

 

98. Sylvester BD, Standage M, Dowd AJ, Martin LJ, Sweet SN, Beauchamp MR. Perceived 

variety, psychological needs satisfaction and exercise-related well-being. Psychol Health. 

2014;29(9):1044-61. doi:10.1080/08870446.2014.907900 

 

99. Ntoumanis N. A self-determination theory perspective on motivation in sport and 

physical education: current trends and possible future research directions. In: Roberts GC, 

Treasure DC, eds. Advances in Motivation in Sport and Exercise. Human Kinetics, Inc; 2001:91-

128 

 

100. Ward J, Wilkinson C, Graser SV, Prusak KA. Effects of choice on student motivation and 

physical activity behavior in physical education. J Teach Phys Educ. 2008;27(3):385-398. doi: 

10.1123/jtpe.27.3.385 

 

101. Carlin A, M urphy MH, Nevill A, Gallagher AM. Effects of a peer-led Walking In 

ScHools intervention (the WISH study) on physical activity levels of adolescent girls: a cluster 

randomised pilot study. Trials. 2018;19(1):31. doi: 10.1186/s13063-017-2415-4 

 

102. Sebire SJ, J ago R, Fox KR, Edwards MJ, Thompson JL. Testing a self-determination 

theory model of children’s physical activity motivation: a cross-sectional study. Int J Behav Nutr 

Phy. 2013;10(1):111. doi: 10.1186/1479-5868-10-111 



155 

 

103. Physical Activity Guidelines Advisory Committee Report. Department of Health and 

Human Services. Website: 

https://health.gov/paguidelines/secondedition/report/pdf/PAG_Advisory_Committee_Report.pdf. 

Accessed May 20, 2019 

 

104. Aubert S, Barnes JD, Abdeta C, et al. Global matrix 3.0 physical activity report card 

grades for children and youth: results and analysis from 49 countries. J Phys Act Health. 

2018;15(S2):S251-S273. doi:10.1123/jpah.2018-0472 

 

105. Smith JJ, Eather N, Weaver RG, Riley N, Beets MW, Lubans DR. Behavioral correlates 

of muscular fitness in children and adolescents: a systematic review. Sports Med. 

2019;49(6):887-904. doi:10.1007/s40279-019-01089-7 

 

106. Utesch T, Bardid F, Büsch D, Strauss B. The Relationship between motor competence 

and physical fitness from early childhood to early adulthood: a meta-analysis. Sports Med. 

2019;49(4):541-551. doi:10.1007/s40279-019-01068-y 

 

107. Stork MJ, Banfield LE, Gibala MJ, Martin Ginis KA. A scoping review of the 

psychological responses to interval exercise: is interval exercise a viable alternative to traditional 

exercise? Health Psychol Rev. 2017;11(4):324-344. doi:10.1080/17437199.2017.1326011 

 

108. Malik AA, Williams CA, Bond B, Weston KL, Barker AR. Acute cardiorespiratory, 

perceptual and enjoyment responses to high-intensity interval exercise in adolescents. Eur J 

Sport Sci. 2017;17(10):1335-1342. doi:10.1080/17461391.2017.1364300 

 

109. Cohen J. Statistical Power Analysis for the Behavioral Sciences.  Lawrence Erlbaum 

Associates; 1988. 

 

110. Biddle SJ, Gorely T, Pearson N, Bull FC. An assessment of self-reported physical 

activity instruments in young people for population surveillance: Project ALPHA. Int J Behav 

Nutr Phy. 2011;8(1):1. doi: 10.1186/1479-5868-8-1 

 

111. Kowalski KC, Crocker PRE, Faulkner RA. Validation of the physical activity 

questionnaire for older children. Pediatr Exerc Sci. 1997;9(2):174-186. doi:10.1123/pes.9.2.174 

 

112. A SAS Program for the 2000 CDC Growth Charts (ages 0 to <20 years). Centers for 

Disease Control and Prevention. Website. 

https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm. Accessed May 20, 2019 

 

113. Thackray AE, Barrett LA, Tolfrey K. Acute high-intensity interval running reduces 

postprandial lipemia in boys. Med Sci Sports Exerc. 2013;45(7):1277-84. 

doi:10.1249/MSS.0b013e31828452c1 

 



156 

 

114. Akkermans MA, Sillen MJ, Wouters EF, Spruit MA. Validation of the oxycon mobile 

metabolic system in healthy subjects. J Sports Sci Med. 2012;11(1):182-3. PMCID: 

PMC3737831 

 

115. Clevenger KA, Pfeiffer KA, Howe CA. Does wearing a portable metabolic unit affect 

youth's physical activity or enjoyment during physically active games or video games? Pediatr 

Exerc Sci. 2018;30(4):524-528. doi:10.1123/pes.2018-0011 

 

116. Armstrong N, Welsman J. Pediatric Exercise Science and Medicine. Oxford University 

Press; 2008 

 

117. Greene DR, Greenlee TA, Petruzzello SJ. That feeling I get: Examination of the exercise 

intensity-affect-enjoyment relationship. Psychol Sport Exerc. 2018;35:39-46. doi: 

10.1016/j.psychsport.2017.10.009 

 

118. Racil G, Coquart JB, Elmontassar W, et al. Greater effects of high- compared with 

moderate-intensity interval training on cardio-metabolic variables, blood leptin concentration and 

ratings of perceived exertion in obese adolescent females. Biol Sport. 2016;33(2):145-52. 

doi:10.5604/20831862.1198633 

 

119. Beneke R, Leithäuser RM, Ochentel O. Blood lactate diagnostics in exercise testing and 

training. Int J Sports Physiol Perform. 2011;6(1):8-24. doi: 10.1123/ijspp.6.1.8 

 

120. Utter AC, Robertson RJ, Nieman DC, Kang J. Children's OMNI Scale of Perceived 

Exertion: walking/running evaluation. Med Sci Sports Exerc. 2002;34(1):139-44. doi: 

10.1097/00005768-200201000-00021 

 

121. Robertson RJ, Goss FL, Andreacci JL, et al. Validation of the Children's OMNI-

Resistance Exercise Scale of perceived exertion. Med Sci Sports Exerc. 2005;37(5):819-26. 

doi:10.1249/01.mss.0000162619.33236.f1 

 

122. Lang PJ. Behavioural treatment and bio-behavioural assessment: Computer applications. 

Technology in mental health care delivery systems. Ablex; 1980 

 

123. Nagy MR, O'Sullivan MP, Block SS, et al. Affective responses to intermittent physical 

activity in healthy weight and overweight/obese elementary school-age children. J Phys Act 

Health. 2017;14(11):845-851. doi:10.1123/jpah.2016-0552 

 

124. Hardy C, Rejeski W. Not what, but how one feels: the measurement of affect during 

exercise. J Sport Exerc Psychol. 1989;11:304–17. doi: 10.1123/jsep.11.3.304 

 

125. Stanley D, Cumming J. Are we having fun yet? Testing the effects of imagery use on the 

affective and enjoyment responses to acute moderate exercise. Psychol Sport Exerc. 

2010;11(6):582-590. doi: 10.1016/j.psychsport.2010.06.010 

 



157 

 

126. Backhouse SH, Ekkekakis P, Biddle SJH, Foskett A, Williams C. Exercise makes people 

feel better but people are inactive: paradox or artifact?. J Sport Exerc Psychol. 2007;29:498-517. 

doi: 10.1123/jsep.29.4.498 

 

127. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of 

positive and negative affect: the PANAS scales. J Pers Soc Psychol. 1988;54(6):1063-70 

 

128. Moore JB, Zenong Y, Hanes J, Duda J, Gutin B, Barbeau P. Measuring enjoyment of 

physical activity in children: validation of the physical activity enjoyment scale. J Appl Sport 

Psychol. 2009;21(S1):S116-S129. doi: 10.1080/10413200802593612 

 

129. Motl RW, Dishman RK, Saunders R, Dowda M, Felton G, Pate RR. Measuring 

enjoyment of physical activity in adolescent girls. Am J Prev Med. 2001;21(2):110-7. doi: 

10.1016/S0749-3797(01)00326-9 

 

130. Binzen CA, Swan PD, Manore MM. Postexercise oxygen consumption and substrate use 

after resistance exercise in women. Med Sci Sports Exerc. 2001;33(6):932-8. doi: 

10.1097/00005768-200106000-00012 

 

131. Riegler M, Stotz G, Fitzgerald K, et al. Acute responses to the 7-minute workout. J 

Strength Cond Res. 2017;31(9):2572-2578. doi:10.1519/JSC.0000000000002073 

 

132. Mayorga-Vega D, Viciana J, Cocca A. Effects of a circuit training program on muscular 

and cardiovascular endurance and their maintenance in schoolchildren. J Hum Kinet. 

2013;37:153-60. doi:10.2478/hukin-2013-0036 

 

133. Katzmarzyk PT, Denstel KD, Beals K, et al. Results from the united states of america's 

2016 report card on physical activity for children and youth. J Phys Act Health. 2016;13(11 

Suppl 2):S307-S313. doi:10.1123/jpah.2016-0321 

 

134. Bond B, Cockcroft EJ, Williams CA, et al. Two weeks of high-intensity interval training 

improves novel but not traditional cardiovascular disease risk factors in adolescents. Am J 

Physiol Heart Circ Physiol. 2015;309(6):H1039-47. doi:10.1152/ajpheart.00360.2015 

 

135. Ricci J, Currie K, Astorino T, Pfeiffer K. Cardiometabolic and Perceptual Responses to 

Body-Weight Resistance High-Intensity Interval Exercise in Boys. Pediatr Exerc Sci. 2020. 

Advance online publication. https://doi.org/10.1123/pes.2020-0040 

 

136. Kriellaars DJ, Cairney J, Bortoleto MA, Kiez TK, Dudley D, Aubertin P. The impact of 

circus arts instruction in physical education on the physical literacy of children in grades 4 and 5. 

J Teach Phys Educ. 2019;38(2):162-170. doi: 10.1123/jtpe.2018-0269 

  

137. Brustad R. Children’s Attraction to Physical Activity scale. In: Ostrow A, ed. Directory 

of 433 psychological tests in the sport and exercise sciences. Fitness Information Technology; 

1996 



158 

 

138. Edmundson E, Parcel GS, Feldman HA, et al. The effects of the Child and Adolescent 

Trial for Cardiovascular Health upon psychosocial determinants of diet and physical activity 

behavior. Prev Med. 1996 Jul-Aug 1996;25(4):442-54. doi:10.1006/pmed.1996.0076 

 

139. Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An assessment of maturity from 

anthropometric measurements. Med Sci Sports Exerc. 2002;34(4):689-694. doi: 0195-

9131/02/3404-0689 

 

140. Pfeiffer KA, Pivarnik JM, Womack CJ, Reeves MJ, Malina RM. Reliability and validity 

of the Borg and OMNI rating of perceived exertion scales in adolescent girls. Med Sci Sports 

Exerc. 2002;34(12):2057-61. doi:10.1249/01.MSS.0000039302.54267.BF 

 

141. Russell JA, Weiss A, Mendelsohn GA. Affect grid: a single-item scale of pleasure and 

arousal. J Pers Soc Psychol. 1989;57(3):493 

 

142. Howe CA, Clevenger KA, McElhiney D, Mihalic C, Ragan MA. Measurement of 

children's real-time physical activity enjoyment using a new visual analog scale. J Phys Act 

Health. 2019;16(6):406-415. doi:10.1123/jpah.2018-0074 

 

143. Ebesutani C, Jennifer R, Ashley S, Steven R, Charmaine H-M, Bruce C. The 10-item 

positive and negative affect schedule for children, child and parent shortened versions: 

application of item response theory for more efficient assessment. J Psychopathol Behav Assess 

2012;34(2):191-203. doi: 10.1007/s10862-011-9273-2 

 

144. Corte de Araujo AC, Roschel H, Picanço AR, et al. Similar health benefits of endurance 

and high-intensity interval training in obese children. PLoS One. 2012;7(8):e42747. 

doi:10.1371/journal.pone.0042747 

 

145. Burns SF, Oo HH, Tran AT. Effect of sprint interval exercise on postexercise metabolism 

and blood pressure in adolescents. Int J Sport Nutr Exerc Metab. 2012;22(1):47-54. 

doi:10.1123/ijsnem.22.1.47 

 

146. Tallon CM, Simair RG, Koziol AV, Ainslie PN, McManus AM. Intracranial vascular 

responses to high-intensity interval exercise and moderate-intensity steady-state exercise in 

children. Pediatr Exerc Sci. 2019;31(3):290-295. doi:10.1123/pes.2018-0234 

 

147. Roloff Z, Dicks N, Krynski L, Hartman M, Ekkekakis P, Pettitt R. Ratings of affective 

valence closely track changes in oxygen uptake: Application to high-intensity interval exercise. 

Performance Enhancement & Health. 2020;7(3-4):100158. doi: 10.1016/j.peh.2020.100158 

  

148. Bungum  T, Dowda M, Weston A, Trost S, Pate R. Correlates of physical activity in male 

and female youth. Pediatr Exerc Sci. 2000;12(1):71-9. doi: 10.1123/pes.12.1.71 

 



159 

 

149. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical activity 

programs for promoting physical activity and fitness in children and adolescents aged 6 to 18. 

Cochrane Database Syst Rev. 2013;(2):CD007651. doi:10.1002/14651858.CD007651.pub2 

 

150. Powers SK, Howley ET. Exercise Physiology-Theory and Application to Fitness and 

Performance. 8th ed. McGraw-Hill Companies Inc.; 2012 

 

151. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts for the United 

States: methods and development. Vital Health Stat 11. 2002;(246):1-190 

 

152. Welk GJ, Going SB, Morrow JR, Meredith MD. Development of new criterion-

referenced fitness standards in the FITNESSGRAM® program: rationale and conceptual 

overview. Am J Prev Med. 2011;41(4 Suppl 2):S63-7. doi:10.1016/j.amepre.2011.07.012 

 

153. Boiarskaia EA, Boscolo MS, Zhu W, Mahar MT. Cross-validation of an equating method 

linking aerobic FITNESSGRAM® field tests. Am J Prev Med. 2011;41(4 Suppl 2):S124-30. 

doi:10.1016/j.amepre.2011.07.009 

 

154. Mayorga-Vega D, Aguilar-Soto P, Viciana J. Criterion-related validity of the 20-m 

shuttle run test for estimating cardiorespiratory fitness: a meta-analysis. J Sports Sci Med. 

2015;14(3):536-47. PMCID: PMC4541117 

 

155. Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test for 

aerobic fitness. J Sports Sci. 1988;6(2):93-101. doi: 10.1080/02640418808729800 

 

156. España-Romero V, Ortega FB, Vicente-Rodríguez G, Artero EG, Rey JP, Ruiz JR. Elbow 

position affects handgrip strength in adolescents: validity and reliability of Jamar, DynEx, and 

TKK dynamometers. J Strength Cond Res. 2010;24(1):272-7. 

doi:10.1519/JSC.0b013e3181b296a5 

 

157. Safrit M. Complete Guide to Youth Fitness Testing. Human Kinetics; 1995 

 

158. Ruiz JR, Castro-Piñero J, España-Romero V, et al. Field-based fitness assessment in 

young people: the ALPHA health-related fitness test battery for children and adolescents. Br J 

Sports Med. 2011;45(6):518-24. doi:10.1136/bjsm.2010.075341 

 

159. Get Skilled: Get Active- A K-6  resource to support the teaching of fundamental 

movement skills. NSW Department of Education and Training. Website. 

https://schoolsequella.det.nsw.edu.au/file/3847e308-dbe1-4ece-b751-

d042287293e6/1/Get%20Skilled%20Get%20Active%20accessible%202016.pdf. Accessed 

November 22, 2019 

 

160. Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood motor skill 

proficiency as a predictor of adolescent physical activity. J Adolesc Health. 2009;44(3):252-9. 

doi:10.1016/j.jadohealth.2008.07.004 



160 

 

161. Lai SK, Costigan SA, Morgan PJ, et al. Do school-based interventions focusing on 

physical activity, fitness, or fundamental movement skill competency produce a sustained impact 

in these outcomes in children and adolescents? A systematic review of follow-up studies. Sports 

Med. 2014;44(1):67-79. doi:10.1007/s40279-013-0099-9 

 

162. YRBS Questionnaire Content -  1991-2017. Youth Risk Behavior Surveillance System 

(YRBSS). Website.  

https://www.cdc.gov/healthyyouth/data/yrbs/pdf/2017/YRBS_questionnaire_content_1991-

2017.pdf. Accessed November 20, 2019 

 

163. Pate RR, McIver KL, Dowda M, Schenkelberg MA, Beets MV, Distefano C. EASY-An 

Instrument for Surveillance of Physical Activity in Youth. Med Sci Sports Exerc. 

2018;50(6):1216-1223. doi:10.1249/MSS.0000000000001562 

 

164. Paxton RJ, Nigg C, Motl RW, et al. Physical Activity Enjoyment Scale short form--does 

it fit for children? Res Q Exerc Sport. 2008;79(3):423-7. doi:10.1080/02701367.2008.10599508 

 

165. McAuley E, Duncan T, Tammen VV. Psychometric properties of the Intrinsic Motivation 

Inventory in a competitive sport setting: a confirmatory factor analysis. Res Q Exerc Sport. 

1989;60(1):48-58. doi:10.1080/02701367.1989.10607413 

 

166. Richer S, Vallerand RJ. Construction and validation of the perceived relatedness scale. 

Revue Europe ´ene de Psychologie Applique'e. 1998;48:129–137 

 

167. John D, Freedson P. ActiGraph and Actical physical activity monitors: a peek under the 

hood. Med Sci Sports Exerc. 2012;44(1 Suppl 1):S86-9. doi:10.1249/MSS.0b013e3182399f5e 

 

168. Chandler JL, Brazendale K, Beets MW, Mealing BA. Classification of physical activity 

intensities using a wrist-worn accelerometer in 8-12-year-old children. Pediatr Obes. 

2016;11(2):120-7. doi:10.1111/ijpo.12033 

 

169. Mahon AD, Marjerrison AD, Lee JD, Woodruff ME, Hanna LE. Evaluating the 

prediction of maximal heart rate in children and adolescents. Res Q Exerc Sport. 2010;81(4):466-

71. doi:10.1080/02701367.2010.10599707 

 

170. Bar-Or O. Sports Medicine for the Practitioner. Springer-Verlag; 1983 

 

171. Price C. Circus for schools: bringing a circo arts dimension to physical education. Revue 

phénEPS/PHEnex Journal. 2012;4(1) 

 

172. Maehr ML, Nicholls JG. Culture and achievement motivation: A second look. Studies in 

cross-cultural psychology. 1980;2:221-67 

 



161 

 

173. Halvari H, Skjesol K, Bagøien TE. Motivational climates, achievement goals, and physical 

education outcomes: A longitudinal test of achievement goal theory. Scand J Educ Res. 2011; 

1;55(1):79-104. doi: 10.1080/00313831.2011.539855 
 

 

 

 

 

 

 

 


