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Abstract: Research has demonstrated associations between differing modalities of physical activity (PA) and
behavioral and learning outcomes; however, little evidence exists in real world settings. To evaluate the effects of
embedding high intensity interval training (HITT) and resistance training (RT) into physical education (PE)
curriculum on PA, academic performance, and behavior in youth attending urban schools. Forty boys and 30 girls;
ages 8-10 yrs. enrolled in an expanded public school supplemental learning program were assigned into one of
three conditions using a pragmatic trial design: standard PE curriculum (n = 23), HITT (n = 25), and RT (n = 22).
PA was measured using accelerometers; math achievement scores were conducted at baseline and post-
intervention using the Math Knowledge Assessment (MKA); behavior was assessed using the Abbreviated Conners
Rating Scale (ACRS) daily. Participation in HITT resulted in 1.86 additional vigorous PA minutes (p=0.04) and 0.76
additional very vigorous PA minutes (P=0.02) per session, but was not associated with increased moderate PA
minutes compared to the control group. RT PA outcomes did not differ from regular PE. Participating in HIIT, but
not RT, was associated with a 1.82-point improvement in math test scores compared to those in the same grade in
the standard PE group (p=0.02). No group assignment was associated with behavioral ratings. Embedding HITT
within PE has potential for improving vigorous PA levels and may affect learning outcomes in urban youth. This is
consistent with prior studies which show how short bouts of intense exercise can improve cognitive outcomes.

Keywords: Physical Activity, Low-Income Communities, High Intensity Interval Training, Resistance Training,
Health Promotion
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1. Introduction

Participation in regular physical activity (PA)
and fitness are associated with numerous physical and
mental health benefits in youth [1,2]. Such benefits
include improvements in body composition, physical
capacity, behavioral regulation, self-esteem, self-worth,
anxiety, depression, sleep and overall health related
indicators (i.e. blood pressure, insulin sensitivity, lipid
profile, and C-reactive protein) [1, 3-4]. Research also
suggests that increased participation in PA and
achieving the recommended PA guidelines are linked to
enhanced physical fitness, brain structure, cognitive
function and academic performance [1]. However,
despite the positive physical and health-related
benefits associated with high levels of physical fitness,
less than 20% of youth are currently meeting or
exceeding the recommended daily 60 minutes of PA,

most of which should be moderate to vigorous physical
activity (MVPA) [5]. Concomitant with the reduction is
daily physical activity is a decrease muscular fitness
(i.e., muscular strength, muscular power, and muscular
endurance) in modern day youth [6]. Importantly,
developing healthy PA behaviors that promote MVPA
and muscular fitness in youth is associated with less
risk of chronic disease and health disparities such as
obesity and type 2 diabetes across the life course,
conditions which disproportionately affect low-income
and minority populations [7]. Currently, school-aged
children achieve an average of 30 MVPA minutes daily
[5], and youth living in urban environments and
attending under-resourced schools are at higher risk of
inadequate MVPA [5].

Physical education (PE) programming is the
primary vehicle associated with promoting PA in a
school setting, yet both total PA minutes and high-
intensity PA within many PE lessons are generally low,
especially in youth attending under-resourced public
schools [8]. Low-income urban school settings often
face inadequate funding, facilities, equipment, and
personnel challenges that lead to infrequent and
under-resourced PE classes [5]. Although intervention
programs and policies to improve PA duration and
intensity in PE programming have been developed and
implemented, policies vary considerably across school
districts [9]. School policies related to PE programming
including frequency, duration, and equipment,
significantly impact opportunities for youth to achieve
health benefits and PA guidelines, particularly in public
schools in under-resourced communities [8]. While
increasing the duration and frequency of PE
programming would be ideal, this option may not
feasible given budgetary, scheduling, or facilities
constraints. Therefore, developing innovative, time
efficient, and scalable strategies that integrate both
health-related (aerobic fitness, muscular strength,
muscular endurance, flexibility) and skill-related
(speed, power, coordination, reaction time, agility)
components of fitness to promote improvements in
MVPA, muscular fithess and academic success is
essential to close PA disparities and optimize the
behavioral and learning benefits of exercise in
historically underserved populations [4, 6].

High-intensity interval training (HITT) has
emerged as a strategy to provide physical and mental
health benefits among youth populations [1, 10]. One
study exploring the effects of HITT programs on
cognitive and mental health outcomes in adolescents
reported improvements in executive function and
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psychological well-being in response to HITT-focused
aerobic-specific exercises. With HITT, the exercise
intensity is varied at fixed intervals during a single bout
of exercise (i.e. intervals from < 45s to 2-4 min of high
intensity exercise interspaced by short rest periods, or
intervals from 10s to 20-30s interspaced by prolonged
rest periods [1]. The main purpose of HITT is to
experience equivalent benefits of exercise in a short
period of time compared to more traditional and longer
aerobic training.

Resistance training (RT) uses different modes
of training with a wide range of resistance loads from
body weight to barbells; it is designed to enhance
muscular strength, muscular power, and local muscular
endurance. While less researched than HIIT in relation
to effects on cognition and learning, studies have
indicated that RT influences the development of gross
and fine motor skills in children and adolescents, which
are in turn linked to increased neural network
development and activation [11]. For example, one
study explored the effects of aerobic and resistance
exercise on executive function, and concluded that
improvements in executive function were induced by
an acute bout of exercise regardless of whether the
mode was aerobic or resistance [12]. Another study
has found that integrated 15 minutes of functional
integrative training into traditional PE curricular was
associated with improvement in both health and skill
related components of fitness [4].

Despite  evidence  supporting  potential
associations between HIIT, RT, and cognitive and
learning benefits, more research is needed to evaluate
these relationships in real world settings such as
schools [1, 10]. Therefore, the objective of this
pragmatic trial was to evaluate the feasibility and
preliminary efficacy of implementing acute HITT and
RT programming into PE classes to increase PA and
improve academic and behavioral outcomes in
Lawrence, Massachusetts, youth enrolled in the
Accelerations Academies Program (AAP). The AAP is a
week-long academic program funded by the Sontag
Prize in Urban Education and is designed to provide
additional academic support to small groups of youth
living in low-income communities. Lawrence,
Massachusetts, has a population of just over 80,000,
approximately 80% of whom are Hispanic; 21% live in
poverty [13]. The primary goal of AAP is to afford the
district’s lowest-performing students the opportunity to
engage in 25-30 additional hours of instruction in one
subject area (equivalent to an additional month of
direct in-school instruction). This extended learning

time provides targets, data-driven support to help
students in class and prepare them for standardized
testing. The AAPs in Lawrence, Massachusetts, take
place during the school district’s February and April
school vacation weeks. Over 2,000 students across K-8
LPS, the High School Learning Center, and the LHS
campus attend the AAP; over 250 teachers participate.
During the AAP, students engage in approximately five
hours of content instruction focused on English
language arts (ELA), science or mathematics, and 60
min of enrichment per day for the week-long program
which typically focuses on PE, art, or music. In the
current study, the AAP focused on mathematical
instruction with PE programming as the enrichment
period; therefore, the specific aims of this study were
as follows:

1. to evaluate the effects of embedding HITT and
RT programming in established PE curriculum on
PA outcomes;

2. to determine whether incorporating HITT and RT
activities in PE programming is associated with
improvements in math achievement scores in
third and fourth grade students enrolled in the
AAP; and

3. to assess whether implementing HITT and RT
programming affects behavioral ratings of third
and fourth graders enrolled in the AAP.

2. Materials and Methods
2.1. Design and Setting

This study was designed as a non-randomized
control design to be conducted within the Lawrence
Public School District. All study protocols and materials
were approved by both the Merrimack College and
Lawrence Public Schools (LPS) Institutional Review
Boards. In partnership with the Merrimack Valley
YMCA, students attending the AAP at one Lawrence
elementary school were selected to participate in the
study. Within that school, six classrooms (three 3™ and
three 4" grades) were assigned to either an
intervention condition (acute bout of HITT or RT
programming followed by established PE curriculum) or
a control condition (established PE curriculum) for 60-
minutes per day during the week-long AAP. Parents
and study participants provided written informed
consent/assent to participate in the study.

2.2. Main Outcomes

PA outcomes examined included total minutes
of PA, minutes of PA and MVPA as a percentage of
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available class time, and minutes of moderate,
vigorous, and very vigorous PA. Outcomes in math
achievement were measured using the Math
Knowledge Assessment (MKA), which was composed of
12 questions assessing math content contained in the
curriculum during the AAP. The MKA is not a validated
instrument but is used for evaluation by the APP. It
uses selected questions from Massachusetts curriculum
assessments by grade level, which were in turn
mapped to the curriculum presented during the AAP.
Students” behaviors were measured daily via the
validated Abbreviated Conners Ratings Scale (ATRS), a
10-item inventory using a cutoff score of 15 [14].

2.3 Participants

Study participants (n=70) were students in
grades 3 and 4 (age 8-10 yrs.) attending the AAP at
one participating school. Participants were 45.7% third
graders and 42.8% female. There were six total
classrooms at this participating school. Three classes
were 3™ graders and three of which were 4™ graders;
each classroom had a head teacher and an assistant
teacher. If a student was absent for either the pre- or
post- MKA assessment, they were excluded from the
analyses.

2.4 Data Collection

To collect PA outcomes (total minutes of
MVPA, minutes of moderate, vigorous, and very
vigorous PA) students in both intervention groups and
the control group wore a research-grade accelerometer
positioned on their right hip (Actigraph (Wgt3X-BT)
(Pensacola, Fla) for the daily 60-minute PE enrichment
period. Research assistants fitted the accelerometers
to students upon arrival at the gymnasium for their 60-
minutes of PE enrichment. Throughout the week-long
program, students were assigned to an intervention
group (HITT or RT programming) or the control group
(established PE curriculum). The programming for the
intervention group was developed by the research
team and taught by the PE teacher; the same PE
teacher taught the PE curricula to the control
condition. At the end of the enrichment period,
participants removed the devices. Accelerometer data
were downloaded at the end of the week; Freedson
(youth) cutoffs were used to determine time spent in
MVPA [15]. To measure behavioral outcomes on each
student, the six classroom teachers completed the
ATRS daily for each student in their assigned class.
MKA scores were administered pre- (immediately upon
arrival on the first day of the program) and post-

intervention (end of the day on the last day of the
program).

2.5 Intervention

To maintain consistency across all conditions,
students assigned to the intervention (HITT or RT
programming) and the control groups completed the
same 5-10-minute warm-up and cool-down, both
which aligned with the PE curriculum. Following the
warm-up, the control group engaged in an established
PE curriculum for approximately 40-45 minutes before
completing the 5-10-minute cool down. The activities
focused on standard PA competencies appropriate for
3 and 4" graders. The intervention conditions were
completed in pairs, with one student undertaking the
‘work’ phase, while their partner completed the ‘rest’
phase. Students assigned to HITT programming
completed 4 consecutive days of HITT (9 min/session;
30 sec on:30 sec off) followed by 30 min of standard
PE curriculum and a 5-10-minute cool down. HITT
exercises primarily involved gross motor
cardiorespiratory exercises (e.g. running, skipping,
jumping jacks, burpees, scissor jumps, mountain
climbers). Students assigned to RT programming
completed 4 days of RT (3 sets/10-12 reps for 3
exercises/session) followed by 30 min of standard PE
and a 5-10-minute cool down. RT exercises aimed to
enhance muscular strength and primarily involved
isometric, isokinetic, and isotonic strength exercises
(e.g. push-ups, sit ups, planks, lunges, squats, wall
sits, and resistance band walks).

2.6 Statistical Analysis

All quantitative analyses were performed using
STATA 13. Since students were assigned to treatment
groups by classroom and grade, analyses were
stratified by grade to prevent confounding by age and
developmental status. This approach ensured that 3™
graders in the treatment condition were only compared
to 39 graders in the control condition. The same
approach was applied to 4% graders. Summary
statistics were used to report demographics and
baseline math scores by group. Baseline multiple
comparisons of math scores by group were made using
the Bonferroni correction. Differences were not
assessed for behavioral rating scores or MVPA since no
pre-intervention baseline measures could be assessed.
Fixed effects linear regression was used to assess
relationships between total MVPA, moderate PA,
vigorous PA, very vigorous PA, and pre-post math
score changes and treatment groups; models were run
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both with and without gender, which is a known
potential moderator of both PA and math scores, but
was not significant when assessed using stepwise
regression. Interactions between group and gender
were also tested in models. Mixed effects regression
was used to assess associations between behavioral
rating score and treatment group while controlling for
random effects of individual and day.

3. Results

Participant characteristics are shown in Table
1. Overall, students averaged 33.1 minutes (11.2 SD)
of MVPA per PE class; students in the control group
averaged 33.3 minutes (9.0 SD), students in the HIIT
group averaged 35.5 minutes (10.0 SD), and students
in the muscular strength group averaged 29.7 minutes
(14.3 SD).

Table 1 Participant Characteristics by Group

Results of fixed effects linear regression
models evaluating associations between group
assignment and PA and math outcomes are shown in
Table 2. Participation in HITT predicted 1.86 additional
vigorous PA minutes (p=0.04) and 0.76 additional very
vigorous PA minutes (p=0.02) per session, but was not
associated with increased total MVPA minutes
compared to the control group. Students in the control
group (PE curriculum only) spent 55% of available time
in MVPA engagement, where students in the HITT
intervention group averaged 59% of available time,
and those in the RT intervention group averaged 29.7
minutes of MVPA 49% of available time.

Participation in RT was not statistically
different compared to the control group for any
category of PA intensity.

Control HITT Strength Total
Grade (V)
31 Grade 13 25 0 38
4t Grade 10 0 22 32
Gender (V)
Boys 7 12 11 30
Girls 16 13 11 40

Table 2 Associations between exercise orientation, physical activity, and math change score by grade.

Total Min of Min of Min of Min of Very Math A
MVPA? Moderate PA | Vigorous PA | Vigorous PA Score
Independent Coefficient
Variable (95% CI)
3 Graders
HIIT 2.98 0.36 1.86 0.76 1.82
Participation (-1.15, 7.11) (-3.03, 3.75) (0.04, 3.68) (0.11, 1.41) (0.44, 3.21)
Intercept 32.53 26.38 5.50 0.65 2.44
(29.15, 35.91) | (23.61, 29.16) (4.01, 6.99) (0.12, 1.18) (1.35, 3.54)
4% Graders
Muscular -4.28 -2.75 -1.50 -0.13 0.54
Strength (-10.16, 1.39) (-7.75, 2.26) (-3.60, 0.59) (-0.53, 0.26) | (-1.39, 2.46)
Participation
Intercept 34.10 28.83 4.72 0.55 2.29
(29.51, 38.70) | (24.85, 32.81) (3.06, 6.39) (0.23, 0.86) (0.67, 3.91)
@ Physical activity and math change score models are fixed effects linear regression models. Gender
was assessed using stepwise regression and reported in the text where significant. Results are relative
to control group.
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Table 3 Associations between behavioral score and treatment group by grade.

Connors Behavioral Rating Scale Score?

Independent Variable

Coefficient (95% CI)

3 Graders

HIIT Participation

-1.57 (-5.48, 2.33)

Intercept

15.08 (11.89, 18.27)

4th Graders

Muscular Strength Participation

0.30 (-1.72, 2.32)

Intercept

9.71 (6.37, 13.04)

Results are relative to control group.

a Connor score models are repeated measures controlling for random effects of individual and day.

Gender was not a significant predictor of any
PA outcome except for vigorous and very vigorous PA
among 4™ graders only; adjusting for gender in those
models did not change direction or significance of
associations, and no interactions between gender and
group assignment were significant.

Among 3" graders, being assigned to the HIIT
participation groups was associated with an additional
1.82-point improvement in math test scores compared
to 39 graders in the control group (p=0.02).
Assignment to the muscular strength group among 4th
graders was not associated with improved test scores
when compared to 4™ graders in the control group.

Results of mixed effects regression models
evaluating associations between group assignment and
behavioral rating scores, controlling for random effects
of individual and day, are shown in Table 3. No group
assignment was associated with significant changes to
behavioral ratings.

4. Discussion

School-aged children attending public school
systems in low-income, underserved communities are
less likely to meet current PA guidelines of at least 60
minutes of MVPA per day, less inclined to engage in PA
outside of the traditional school day, and underperform
on standardized testing relative to peers in higher-
income school systems [16-18]. We explored the
efficacy and feasibility of incorporating HITT and RT
programming into established PE curriculum to
increase PA engagement, academic, and behavioral
outcomes during the AAP focused on mathematic
instruction and PE enrichment. The AAP are week-long
academic programs designed to provide students in

under resourced communities approximately 25
additional hours of individual and group instruction
primarily focused on ELA, science or math content to
help students prepare for and improve on standardized
tests. Combined with additional hours of instruction,
students engage in 60-minutes of “enrichment” per
day. In the current study, third and fourth grade
students attending the AAP at one selected public
school in Lawrence, Massachusetts engaged in
mathematics focused instruction and PE enrichment
throughout the entire duration of the program.

As expected, students participating in HIIT got
more high intensity PA compared to those participating
in standard PE programming only, while those
participating in RT did not. HIIT participation, while
short duration, was associated with small significant
improvements to math scores relative to students of
the same grade level in the standard PE group; this
observation is in keeping with previous research
showing acute positive impacts of aerobic exercise on
learning and cognition [19-21]. Although not statically
significant, very small improvements in math
assessment scores were also observed in 4" graders
assigned to the RT intervention group; thus, we cannot
rule out the potential benefits of RT training. A
previous study evaluated the efficacy of a school-based
intervention program focused on promoting health and
skill related components of fitness and concluded, that
~15 minutes of fundamental integrated training
resulted in significant improvements in aerobic
capacity, push-ups, flexibility and single leg-hop [6].
Less research has specifically explored solely the
effects of RT training on PA and academic outcomes in
youth and suggests that RT training is associated with
improved musculoskeletal health and motor skill
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development [11]. Therefore, the lack of an
association between RT assignment and math scores
should be further explored during a longer period,
since impacts of chronic RT on cognition via motor skill
development would not be apparent over the study’s
one week period.

With a goal of increasing PA levels during the
PE enrichment period throughout the week-long AAP,
the established PE curriculum implemented team-based
activities to engage students in moderate intensity
exercise, increasing the average minute’'s students
spent in MVPA, and decreasing the percentage
difference between the HITT and control group. This
implementation is important given that established PE
curricula typically incorporate various multi-week units
focused on various health and skill-related components
of fitness, many of which are low aerobic-intensity
activities. Low engagement in aerobic activity is
associated with lower fitness levels, which may then
additionally discourage exercise participation [1]. The
current findings suggest that embedding an acute bout
of HITT into PE curriculum can increase MVPA levels
while also meeting the PE competencies.

Analyses from the ATRS reported no
differences in student behavior from baseline and
across each day of the program in both 3™ and 4%
grade AAP students. However, given that baseline
ATRS scores indicated no evidence of behavioral
dysregulation in participants, this finding does not rule
out the potential benefits on behavior outcomes when
incorporating HITT or RT programs into PE curriculum.
Other studies have found that that integrating aerobic
training into PE results in improved behavioral self-
regulation and classroom function improvements
among children with behavioral issues, and so maybe a
useful tool in PE classes serving children with
Individualized Educational Plans for social, emotional or
behavioral disabilities [22].

Incorporating HITT programming into PE
curriculum in under resourced school districts can help
promote improvements in PA levels within and beyond
the traditional school day. Likewise, literature supports
the wvalue of HITT training in improving
cardiorespiratory endurance, cognitive function, and
academic improvements [18]. Although more research
has supported these findings in adolescent youth, the
current study supports the positive benefits of
embedding an acute bout of HITT into PE curriculum
on enhancing MVPA and potential improvements in
academic achievement. Given these positive benefits
on vulnerable children’s PA and potential learning

outcomes and the results of the current study,
established PE curricula should consider incorporating
such training into PE classes to provide students with
enhanced opportunities to improve MVPA levels within
the limited PE participation.

While a strength of the current study was its
pragmatic design in a real-world setting, this approach
has important limitations. Findings from the current
study are limited by the lack of randomization among
the control and intervention groups; randomizing the
3 and 4" graders across all groups would eliminate
the potential for confounding by grade level.
Additionally, using only 3™ and 4™ graders from one
selected Lawrence Public School enrolled in the AAP
may potentially impact the generalizability to other
grades and settings. However, despite these
limitations, the collection of objectively-measured PA
was a strength of this study, as was the ability to test
math assessment scores pre- and post-intervention
and behavioral outcomes daily.

5. Conclusion

Implementing acute HITT programming into
established PE curriculum may be an effective
approach to improving MVPA and academic scores in
school-aged children from under-resourced
communities. This approach is feasible and leverages
existing school resources; therefore, even under-
resourced school systems  should consider
implementing HITT into established PE during the
traditional school day.
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