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Over the past two decades a positive effect on cognitive performance has
consistently been identified following an acute bout of aerobic exercise. (Etnier,
Salazar, Landers, Petruzzello, Han, & Nowell, 1997). A limited number of studies
have identified a similar positive effect following acute aerobic exercise in
preadolescent samples (Ellemberg & St-Louise-Deschenes, 2010; Hillman, Pontifex,
Raine, Castelli, Hall, & Kramer, 2009; Pesce, Crova, Cereatti, Casella, & Belluci, 2009;
Tomporowski, 2003). Resistance exercise within adult samples has also been
associated with increases in cognitive performance (Chang & Etnier, 2008, 2009;
Chang, Ku, Tomporowski, Chen, & Huang, 2012). There is currently no existing
research examining the effects an acute bout of resistance exercise has on the
cognitive performance of a preadolescent sample. A possible reason for this lack of
research is the misconception that resistance exercise can have detrimental effects
on the developing bodies of preadolescents. These safety concerns have been
deemed unnecessary as recent statements from both the American Academy of
Pediatrics (AAP) and the American College of Sports Medicine (ACSM) have
determined resistance exercise in preadolescence is safe and even beneficial to the
bones, joints, and muscles of developing bodies. The purpose of this research was to
examine the effects an acute bout of resistance exercise has on cognitive

performance by a preadolescent sample.



Participants were randomly assigned to one of two different treatment
conditions (exercise or control) and completed two sessions measuring cognitive
performance (pre-test and post-test). Participants in each condition completed a
number of cognitive tasks testing executive function and completed a 20 minute
bout of resistance exercise. Those in the exercise condition completed the cognitive
tasks immediately after the resistance exercise. Those in the control condition
completed the cognitive tasks immediately before the resistance exercise.

Analyses revealed that for errors within the Stroop W condition, a measure
of processing speed and inhibition, there was a significant difference between
groups such that the exercise group had fewer errors at the post-test than the
control group. There were no significant differences for task switching, problem
solving, working memory, and visual attention between groups. The results for this
sample thus suggest that resistance exercise may have a clinically meaningful effect

on aspects of processing speed and inhibition.
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CHAPTERI

INTRODUCTION

Over the past two decades, a positive effect ef@se on cognitive performance
has been established. Etnier, Salazar, Landetrsiz2ello, Han, and Nowell (1997)
summarized the results of 134 studies in ordeetebunderstand how exercise can
affect cognition throughout the life span. It vktermined that exercise has a positive
effect on cognitive performance across all ageeandin effect size of ES = 0.16 was
identified for studies testing the effects of acexercise on cognitive performance.
Lambourne and Tomporowski (2010) reviewed 40 ssithat used a within-subjects
design to focus on acute exercise and cognitiontfagid results indicated that the overall
mean effect was 0.20 for cognitive tasks followaxgrcise. It was determined that a
significant positive effect is seen for cognitiasks shortly following an acute bout of
exercise, particularly in the domains of execufiwection. Chang, Labban, Gapin, and
Etnier (2012) statistically analyzed the result§ ®fstudies dealing specifically with
acute exercise and cognition and identified anall/positive effect size of
ES=0.097.Similar to the results identified by Lamiye and Tomporowski (2010), it
was determined that the largest effects are obdemhen exercise intensity is moderate
to high and when the exercise sessions lasts feaat 20 minutes. Tasks testing

executive function were also shown to result inhighest effect size. These studies



show that following exercise a positive effect degst on cognitive performance,
though it should be noted that this research has benducted primarily with adult
samples and with aerobic exercise.

A limited number of studies exist focusing on tlfie&s exercise has on the
cognitive performance of a preadolescent populatRacently researchers have begun
examining the effects of acute exercise on cognpierformance in children.
Tomporowski (2003) conducted a narrative reviewhdf literature. Based upon findings
from four studies, it was determined that acute@se has a positive effect on cognitive
performance in normal functioning children. Sinkis iharrative review, additional
empirical studies continue to support a benefiefdct of acute aerobic exercise for the
cognitive performance of children. Hillman, Pontif&kaine, Castelli, Hall, and Kramer
(2009) conducted a study identifying the effectaante bout of aerobic exercise has on
a preadolescent sample. Twenty participaMits9.5 years) walked on a treadmill for 20
minutes at 60% of their previously determined maatitreart rate. It was determined
that following a moderate bout of aerobic exergmeticipants performed significantly
better on cognitive tasks testing cognitive conamadl reading. Pesce, Crova, Cereatti,
Casella, and Belluci (2009) conducted a study #ighgoal of identifying the effect both
team training and individual aerobic exercise canehon memory within a preadolescent
sample. Sixty participants between 11 and 12 yaeldrsompleted a free recall memory
task to assess immediate and delayed recall fallpwiteam aerobic training session or
an individual aerobic exercise session. A posigffect on immediate recall

performance was seen following the aerobic teamigcivhile delayed recall



performance improved in just the recency portiothefmemory task for both the team
training and aerobic exercise. Ellemberg and StidedDeschenes (2010) conducted a
study testing the effect acute aerobic activity t)€ognitive performance of 7-year old
and 10-year old age groups. It was determinedftiatving a 35-minute bout of

aerobic exercise both age groups saw a decreasadtion time compared to the control
session (watching television). It should be ndted a stronger effect was identified for
acute aerobic exercise on reaction time in thedd)-gld participants compared to the 7-
year old participants.

Though there are a few studies focusing on regsistarercise with adults,
research focusing on resistance exercise in prescihce is nonexistent due possibly to
health concerns. However, over the past few yieaies been determined that the
previous cautionary views on resistance trainirgguamecessary as recent evidence
supports that resistance training is actually berafto children (Gomez, Johnson,
Martin, Rowland, & Small, 2001). The American Aeaaly of Pediatrics and the
American College of Sports Medicine have both agkadged the benefits resistance
training has for children (Gomez et al., 2001; Luk@09). Benefits such as increased
bone density, joint laxity, muscular strength, andduction in injury have been seen
following proper resistance training programs imndrien and preadolescents. Behm,
Faigenbaum, Falk, and Klentrou (2008) conducteslvegew of literature pertaining to
safety concerns with resistance exercise and plesmince determining that,
“Traditional fears associated with youth RT [remste training] have been replaced with

more recent findings that indicate that regulatipgation in weight bearing physical



activities is essential for normal bone growth deglelopment” (p. 556). While the
physical benefits of resistance training in chitdreve been identified, further research
is needed to determine the extent to which cognibenefits result from an acute bout of
resistance exercise.

Resistance exercise within adult populations hasvetthat this mode of exercise
is also associated with improvements in cognitiedgrmance. Three studies have been
conducted to determine the affect an acute borgsigtant exercise has on the cognitive
performance of adult samples. Chang and Etnier§200nducted a study testing the
effect an acute bout of strength training has oadrit population. Following a 45-
minute bout of resistance training at moderatengitg an increase in processing speed
was identified, suggesting a positive effect oftagesistance training on cognitive
function. Chang, Ku, Tomporowski, Chen, and Hug@jL2) conducted a study to
identify the effect resistance training has on gahning (an executive function) in
older adults. It was determined that followingQarinute bout of resistance training at
moderate intensity, efficiency of goal planning sasignificant improvement compared
to the control condition. Chang and Etnier (20@@ntified a dose response relationship
between acute resistance training and cognitivetfom in an adult population. It was
determined that a positive effect does exist betvasite resistance exercise and
cognitive performance in the domains of informatpracessing and attention. A linear
effect of exercise intensity was identified on mmf@tion processing suggesting that a

higher intensity of exercise results in the highedidct size. An inverted-u was identified



in regards to the effects of exercise intensityatiantion resulting in the greatest effect
size when exercise intensity is moderate.

In summary, exercise has been shown to resulpwsdive effect when
conducted prior to measuring cognitive performangtudies looking at the effect
resistance exercise has on cognitive performanee ¢renerally resulted in a positive
effect within young adult, adult, and older ad@irples. Perhaps because safety
concerns in regards to resistance exercise fodptescent samples have only recently
changed, no research exists examining the effeatate bout of resistance exercise has

on the cognitive performance of a preadolescenptam

Purpose

In order to further the knowledge of resistancere@se and the effects it has on a
preadolescent population within the field of exsegpsychology additional research is
needed. Evidence supports that a single sessiaarobic exercise can benefit cognitive
performance by children. This study examines tigaict a single session of resistance

exercise has on cognitive performancefhgBade children.

Hypothesis

It is hypothesized that a single session of raststa@xercise will have a positive
effect on the cognitive performance in this preadoént sample. The domains of
cognitive performance in which a positive effect akpected are task switching, problem

solving, inhibition, processing speed, working meynand visual attention.



CHAPTERIII

EXTENDED LITERATURE REVIEW

While the benefitsesistanceexercise can have on the cognitive performanee of
preadolescent population have not been extensiesbarched, a great deal of
information does exist in the field of exercise @ognition in terms of the benefits
aerobicexercise has for children.This review of literature will highlight the eftts
various modes, durations, and intensities of egercan have on cognition in several
different age groups, with a focus on acute exercigpreadolescent populations.

Exercise and Cognition

Etnier, Salazar, Landers, Petruzzello, Han, aodéll (1997) conducted a meta-
analysis that compared results within 176 studieted to exercise and cognition
throughout the lifespan. Of the 176 studies idetifor this meta-analysis, 134
contained the necessary information for calculagifigct size. It was determined that the
effect size for all of the studies was 0.25 (SD.G9OES n = 1,260, p < .05), suggesting
that exercise significantly increases cognitivectioning. The differences between acute
and chronic exercise were discussed in terms oéffieets they can have on cognitive

performance. Chronic exercise consists of anyiphlactivity, aerobic or anaerobic,



that continues beyond one session, regardlessgrafidn. Acute exercise is a single
bout of physical activity. It was discovered byiét et al. that while chronic exercise
yields a greater effect size (ES = 0.33), a sn@itpve effect size does exist for acute
exercise as well (ES = 0.16).

Lambourne and Tomporowski (2010) conducted a meddyais that compared
21 studies measuring cognitive performance befodedairing an acute bout of exercise,
as well as 29 studies that measured cognitive padoce before and after exercise.
Analyses were used to identify the amount of timerdy and after exercise it takes for
cognitive tasks to be affected. During the firgemnty minutes of exercise, cognitive
performance is negatively impacted for perceptasit$ and tasks measuring processing
speed. Beyond twenty minutes of exercise, effeessor simultaneous cognitive
performance increases, specifically in tasks méagumspection time. Following
exercise, cognitive performance was positively@#d by acute exercise, specifically in
areas of memory, retrieval, and processing sp&ddurther interest, the particular type
of exercise conducted impacted the nature of tfeetsf Results showed that cognitive
performance is positively affected both during aftér cycling. However, when running
on a treadmill, cognitive performance is negatiedfected, whereas following treadmill
exercise cognitive performance is positively aféeict

Chang, Labban, Gapin, and Etnier (2012) reviewedgkults found within 79
studies focusing on acute exercise and cognitiviepeance. The influences of
moderating variables were taken into account withenanalyses. Type of cognitive

performance and the level of fitness for each padnt were identified as moderating



variables during exercise such that both exectitimetion and higher fitness levels
resulted in higher effects. When cognitive perfante was assessed immediately
following the exercise session, that is, movingdily from exercise into cognitive tasks,
it was determined that moderate intensity exenm@salts in the greatest positive effect on
cognitive performance. A smaller positive effeetieen lighter intensity aerobic
exercise and cognitive performance was also idedtif Thus, it was determined that
following exercise at a light or moderate intensggsitive effects were observed. In
contrast, no positive effect was seen followingretse conducted at intensities above
moderate. It was also determined that cognitig& tgpe significantly moderates the
relationship between exercise and cognitive perémee with higher effect sizes in
cognitive tasks measuring executive function arydtetlized intelligence. When
cognitive performance was assessed following aydstar completion of the exercise,
exercise was seen to have a positive effect sggmfly greater than zero at all intensity
levels except very light.

While a number of studies have determined thatcarie bout of exercise does
have a positive effect on cognitive performancecsft moderators should be noted that
result in the largest effect sizes. When condgatimgnitive tests following exercise, the
intensity of the exercise should be moderate th high a 1-15 min delay before testing
cognition. The cognitive tasks used should testetve function and be administered in
the morning in order to result in a slightly higleffect size. In addition, Lambourne and

Tomporowski (2010) identified that subjects alsudtéo perform better on cognitive



tasks shortly following an acute bout of exercishwncreased performance in measures

of processing speed, memory, and retrieval.

Children vs. Other Populations

The brain of a child develops steadily throughagiidescence and into early
adulthood. Hedman, van Haren, Schnack, Kahn, anshidff (2011) reviewed 56
magnetic resonance imaging studies. It was deteuntihat starting at the age of nine,
1% annual brain growth is seen in children eveiyryasually leveling off around the age
of thirteen. After the age of thirty-five, volunhess is typically seen at a rate of about
.02% every year. Concomitant with the increaderain volume that occurs in children,
increases in various levels of cognitive functiake place. Executive function in
preadolescence improves along with areas of meanmtyinformation processing; areas
considered important for academic performance. artmeial brain growth described
above is an average that Hedman et al. identiftedsa a group of studies. However,
there is also evidence from a study conducted leget al. (2001) in which they looked
at children younger than age 9 and reported agieackase in brain growth beginning
at age 4 and continuing to the previously descritizgiear old peak. While it has been
identified that the human brain experiences itgdat increase in growth between early
childhood and 13 years of age, ways in which thizetand foster this brain growth are
still being discovered. One avenue of researchhthareceived attention is the

exploration of the potential benefits of exercigethe cognitive performance of children.



Tomporowski, Davis, Miller, and Naglieri (2008)rmtucted a review on the
existing literature focusing on the effects chrogxercise can have on cognitive
performance of children. After reviewing sixtegnss-sectional studies, Tomporowski
et al. (2008) determined that the more physicatlgHildren are, the better they perform
on cognitive tasks. It should also be noted tbéding a chronic aerobic exercise
program, executive function has been shown to asge Four correlational studies were
also reviewed. Similar to the cross-sectionallists; scores on fitness tests are positively
related to academic achievement by children. Tlmegitudinal studies all showed that
children exposed to regular chronic exercise imstédaheir normal physical education
classes performed better on standardized testeahtetter overall health than the
children within control groups or regular physieducation classes. Tomporowski et al.
concluded that the evidence supports a positiaiogiship between academic
achievement and chronic exercise. However, ortbeoprimary limitations that they
identified was that random assignment was not tmeithe majority of the studies.
Based upon this limitation, they emphasized theoirtgmce of using true experimental
designs in subsequent research in order to valréatsarch findings and test the causal
relationship.

Tomporowski (2003) also conducted a narrativeewuhat focused on acute
bouts of exercise and cognitive performance byowsrpreadolescent populations.
Tomprowski reviewed 22 studies, 18 of which incletiddren diagnosed with clinical
disorders. It was determined that in the studsisgua normal functioning sample

exposed to acute bouts of exercise, a positivetedie cognitive performance does exist.
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It was determined that the ideal length of timedorexercise session is between 30- and
40-min, with significantly higher scores in cognéitasks following this time frame than
following a 20-min bout of exercise. It was als@wh that physical activity at a vigorous
intensity may result in the greatest positive intaccognitive performance. In the
research focusing on preadolescents diagnosedcimvibal disorders such as autism
spectrum disorders, attention deficit disordersntaleretardation, and behavioral
disorders, the effect of acute exercise on cognprformance appears to be mixed
depending on the clinical disorder being addressed.

Tomporowski et al. (2008) and Tomporowski (2008ydrdetermined that both
acute and chronic exercise have a positive effeciognitive performance in a
preadolescent population. A 30- to 40-min boud@ite exercise has been shown to be
most effective in increasing performance on cogeitasks performed following the
exercise session. Components of executive funettunh are present in standardized
tests and measures of processing speed and atteatie been shown to increase
following exercise in preadolescent populationshe/comparing children to other
populations on the effects exercise has on cogngerformance many of the outcomes
are the same. Executive function has been showrttease following acute and chronic
aerobic exercise in children as well as adultsweieer, much of the available research
on acute exercise does continue to focus on adplilptions. While few studies exist
that identify the effect acute exercise has on tgnperformance in children, the

reviews of the available research suggest thaistagpromising area of research, and
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future research is necessary to improve our uralaigig of how to use exercise to
benefit cognitive performance by preadolescents.

Acute Resistance Exercisein Preadolescence

Little is known of the effects an acute bout dfiseance exercise has on the
cognitive performance of a preadolescent populatidost of the research conducted
with preadolescents thus far has focused on chtoaiting and aerobic exercise. A
major reason for this lack of knowledge relativethte effects of resistance exercise in
particular is likely because of the possible condbat resistance training can have
detrimental effects on the growing body of a préasiment. It was once thought that
resistance exercise could hinder muscle and j@néldpment due to bone plate
disturbances and bodily changes occurring througtiuidhood and leading into
adolescence. However, according to the Americaadamy of Pediatrics (2013)
resistance exercise has been found to be quitdib@hto a preadolescent population.
Children, like adults, will see increases in stténgiuscle mass, and muscle endurance
in addition to reducing risk for injury and enhargioverall fitness levels. The only risks
associated with resistance training for childremms from incorrect technique and/or
improper programming. The American College of $pdtedicine (ACSM) has also
recognized the benefits that children can seevatig an appropriate resistance program
(2009, 2013). According to the ACSM the differesibetween resistance exercise and
weightlifting should be understood prior to begimmia strength-based program with a
child. Resistance exercise is a specialized mbfltness training with the goal of

increasing strength, flexibility and endurance witmuscles whereas weightlifting is the
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act of lifting close to maximal amounts of weight Eompetitive purposes. When
determining the amount of weight a child will bengsfor resistance exercise, a one to
five repetition maximal effort lift is not recommeed. According to the ACSM, children
should be working in the range of 6-15 repetititors2-3 sets on 2-3 non-consecutive
days per week. While it seems that the views ofgsional organizations on resistance
exercise are beginning to make a shift towardsgaoee, it is likely that society will
require additional research-based evidence beésistance exercise becomes an
acceptable mode of exercise for children. In otdesalidate the importance of
resistance exercise for children it becomes inangsimportant to understand the
effects anaerobic exercise may have on the braipositive effect between resistance
exercise and cognitive performance has been ideshtwithin older populations and
discovering similar results within children coulbsult in powerful implications.

Sibley and Etnier (2003) reviewed 44 studies agalvith exercise, children and
cognitive/academic performance. Out of the 44issichcluded in this meta-analysis
only 16, 9 published and 7 non-published, were icened to be acceptable true
experimental designs. Thirteen of these 16 stuges a chronic exercise program while
the remaining 3 used an acute design for exeresgans. Out of these 16 studies, only
one used isometric strength training as the primawge of exercise during a chronic
exercise program, producing an effect size of 0l6Should be noted that the
participants within this study had been diagnosat various intellectual disabilities.
Two of the studies reviewed, 1 acute and 1 chrahitnot focus on resistance training as

the primary form of exercise, but rather incorpedatesistance exercise combined with
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aerobic exercise. However, these studies incotipgraesistance exercise and aerobic
exercise through circuit training into the programgreported a significant increase in
executive function producing an average effect sfa&745.

These results not only show that chronic exercasepositively affect cognitive
functioning using a variety of designs, it alsowkdhat chronic and acute resistance
exercise used in combination with aerobic traireag have a positive effect on cognitive
functioning. Though only one study was identifigithin this meta-analysis that used
resistance exercise in isolation, a positive efigs seen on executive function following
a 6 week isometric strength training program. lrenmore, all of the studies
incorporating acute resistance exercise programsagaositive effect on cognitive
performance.

Although no research exists exploring the effectg@resistance exercise has on
preadolescents, there are several recent studiek Wave examined the effects of a
single session of aerobic exercise on cognitivéop@ance in preadolescent populations.
Hillman, Pontifex, Raine, Castelli, Hall, and Kranf2009) identified the effect an acute
bout of moderate walking has on cognition and acaclachievement in a preadolescent
population. Twenty participants, 12 boys and 8sgivere selected following physical and
neurological screening. The average age amongiparits was 9.5 years. Cognitive
performance and academic achievement were meagssirgglthe modified flanker task,
assessing inhibitory control, and the Wide Rangkid@ment Test'3Edition (WRAT-

3), a written assessment of achievement for th@saséreading, spelling, and arithmetic.

A within-subjects design was used requiring alkipgrants to attend two randomly

14



assigned counterbalanced sessions for the stiithg resting session consisted of 20-min
of seated rest followed by the modified flanket gesd the WRAT-3. During the

exercise session participants would walk on a trefhdt sixty percent of their estimated
maximal heart rate for 20-min followed by the cdiya tests in the same order taken for
the resting session.

Following exercise, participants scored signifitghigher in the reading domain
of the WRAT-3, compared to the resting sessionsigaificant differences were
identified in the spelling and arithmetic domairdvieeen sessions. For the modified
flanker task, it was identified that performanagngicantly improved by nearly 5%
following exercise compared to following rest. $adindings show that acute exercise
does have a positive effect on cognitive contral srading in a preadolescent
population, offering a new way in which cognitiverfprmance and academic
achievement can be improved during childhood.

Pesce, Crova, Cereatti, Casella, and Belluci (2@@€)Ellemberg and St-Louise-
Deschenes (2010) have also conducted studies shvahpositive effect of acute exercise
on cognitive functioning was identified. Pescale{2009) identified the benefits an
acute bout of exercise can have on memory witlgreadolescent population. The study
included 60 middle school children, between thesagel 1 and 12 years. The cognitive
task was a 20 question free-recall memory testisting of immediate and delayed
recall. All participants attended 4 sessions withie study. The first session for the
study was an introduction to the memory test expigi how the test works and what is

expected from participants. In order to accounpfatential learning effects, the baseline
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session, solely consisting of the memory test, @eeslucted during the third session
while the second and fourth sessions consistediwrea team activity or individual
aerobic activity (circuit training) prior to the mery test. Exercise intensity between
sessions two and four were held constant and kppv&ent through the use of heart rate
monitors and ratings of perceived exertion in otdanaintain moderate to vigorous
intensity throughout the two exercise sessionsc®et al. concluded that immediate
recall performance was improved as compared tbaieline test following the team
activity, whereas the delayed recall performance graater in just the recency portion of
the word list for both aerobic exercise and teaaming. These results show the benefits
an acute bout of exercise can have on memory retewithin a preadolescent
population, with implications of increased acadepedormance in educational settings.
Ellemberg and St. Louis-Deschenes (2010) identihedeffects an acute bout of
exercise has on the cognitive development of tviferdint age groups of children.
Cognitive performance was tested using a choigeorese task measuring reaction times
following an acute bout of aerobic exercise in s®pf 7- and 10-year olds. Within
each age group 18 participants performed 35-maeodbic exercise followed by the
choice response and reaction time tests, whilettirer 18 participants within each age
group watched television prior to completing thmeacognitive tests. It was discovered
that both groups of children saw a significant @age in performance after completing
the acute bouts of aerobic exercise compared tgrthgs that watched television prior
to the tests. It was also identified that the ioy@ments in cognitive performance were

greater for the 10-year old participants compaceithdse of the 7-year old group. An
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important contribution of this study is that theukts show that greater effects may be
seen in a preadolescent population that is sligiter.

After examining the available literature relateceiercise and cognitive
performance in a preadolescent population, it aegnt that more research needs to be
conducted in the area of acute bouts of exerciddlagir effects on cognitive
performance. Additionally, while the majority ofgvious research with preadolescents
focuses on acute bouts of aerobic exercise, evedigom research with older adults
(discussed next) suggests that a positive reldtipmeay exist between acute bouts of
resistance training and cognitive performance withpreadolescent population.

Aerobic vs. Anaerobic Exercise

Aerobic and anaerobic exercise are categorizeddhgsen the ways in which
oxygen and energy are used during bouts of exeréiseobic exercises such as running,
biking, and walking are typically associated wittygen being used to fuel metabolism
within muscles, allowing continual muscle contrantfor extended periods of time.
Anaerobic exercises such as sprinting and resistaxercise are performed at a higher
intensity in which oxygen is unable to circulatelwn the muscles at a quick enough rate
to meet the demands of the activity. Anaerobia@se results in other forms of energy
being used during muscle contraction, impairing creifunction quicker than aerobic
exercises due to increased production of lactid and depletion of the high energy
bonds within adenosine triphosphate. During artaermxercise it is necessary to
maintain an intensity level high enough to primatse the anaerobic energy system in

order to truly be considered anaerobic. While ithiensity level is dependent on
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exercise mode, an activity such as resistance isganould require an intensity that is
moderate to high. Resistance exercise at too fam antensity, while typically
considered an anaerobic mode, may actually be plogscally aerobic.

Past research has focused almost exclusively abi@szxercise and a positive
effect on cognitive functioning has been identifircll ages (Etnier et al., 1997).
However, researchers have begun to look at anaeeabicise as another way in which
cognitive performance may be positively affected.

Chang and Etnier (2008) showed that a positiveceffeay exist within a middle-
age sample. Forty-one participants were randossigaed to either a resistance
exercise session or a control session to testftbet ®f acute resistance exercise on
cognitive performance. The first session was twgetbtermine appropriate weights that
would be used for each exercise and also addréssgith concerns that may arise during
the exercise session. The first session consistddtermining appropriate weights for
each of the resistance training exercises beind bgeetermining a 10 max repetition
for each movement by having the client lift a weifgr 10 repetitions with moderate
effort. In session two, the participants were manty assigned to either the resistance
exercise group or the reading control group. Tar@rol group was asked to read a
pamphlet pertaining to resistance exercise for@pprately the same duration of time
the resistance exercise program would take, whéa¢sistance exercise group was taken
through the predetermined strength-based exerciBes.resistance exercise program

consisted of six different exercises using two séten repetitions, incorporating a full
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body workout. The sessions lasted approximatelpn#tutes and the resistance exercise
group was kept at a moderate intensity, based@wéights assigned.

Immediately before and after completing the 45 r@raessions, both groups
completed the Stroop Test, a series of tests megsonocessing speed and inhibition.
The Stroop Test consists of a word condition, arcobndition, and a color word
condition. Participants also took the Trail Makihegst, a test of general brain function
requiring the participant to connect a series ohbers and letters in a progressive order.
It was determined that an acute bout of resistareecise has significant benefits on
processing speed (word and color components ddtittmp Test). Results from the color
word component of The Stroop Test and from thel Making Test were not significant.
While the results from this study show a positiffe@ of resistance exercise on
cognitive functioning, the average age of the pgodéints within the study was 49.1 years,
making it unclear as to whether similar effects lddae seen in a younger population.

Chang, Ku, Tomporowski, Chen, and Huang (2012) gotetdi a study in order to
identify the effects of acute resistance exercrsgaal planning by late- to middle-aged
adults M=57.2 years). Fourteen men and 16 women weredadlin the study
following a screening process to assure normalhgtioning physical and mental
capabilities in addition to screening for healtimoerns and current fitness levels.
Participants attended three sessions during tliy.stBlanning was tested using the
Tower of London Task (TOL). The resistance exercisnsisted of a ten minute warm-
up followed by 20 minute of resistance training@ahoderate intensity, based on the

previously determined weights for each exerciske @xercise program consisted of two
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sets of ten repetitions for seven different exexigrgeting all major muscles. In the
exercise session, participants completed the TGk d@a a pretest, followed by the
resistance exercise, and ended with the TOL taskpasttest. During the control session
participants completed the TOL as a pretest, faidwy 20 minutes of reading, and
ended with the TOL task as a posttest.

Following a 20 minute bout of resistance exerassignificant decrease was seen
on the number of moves made during the TOL. Amneiase in initial move time for each
problem was also identified following the exercsgssion with no significant increase in
total time taken showing an increase in planningrgo beginning each problem within
the TOL. These results show that acute resistexercise has a positive effect on
planning within a late- to middle-aged adult popiola

Chang and Etnier (2009), having already identiigubsitive affect between acute
anaerobic exercise and cognitive performance, atdedua study to explore a possible
dose-response relationship between anaerobic sgantensity and cognitive function.
Sixty-eight participantsM=25.95 years) were randomly assigned into one aof fou
groups: a control group, 40%, 70%, or 100% of arggretition maximal resistance
exercise session. The exercise sessions consisted sets of ten repetitions for six
different exercises targeting all major musclesinithe upper body. To ensure the
appropriate intensity was used for each group hatetmonitors, ratings of perceived
exertion (RPE), and the felt arousal scale (FASewsed. RPE and FAS are two ways

in which participants can self-evaluate their d@fffuring exercise. The cognitive tests
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used were the Stroop Test and the Paced Auditatsd eldition Test (PASAT). The
PASAT is a measure of information processing ateh&bon.

Participants were required to attend two days stirtg. On day one participants
performed the Stroop test and PASAT for baselinasueements. During day two,
resting heart rate was recorded followed by perforoe of the Stroop Test and PASAT
for the pretest. For the exercise groups, padrtp performed the prescribed exercises
at the assigned percent of their ten-repetition (@&AKRM) while heart rate, FAS and
RPE were recorded. If assigned to the control ggmarticipants watched a movie for the
same amount of time as the exercise sessionsr éfezcising or watching the video,
participants completed the Stroop Test and PASA&cand time as a posttest measure.

Chang and Etnier (2009) determined that therdirgear relationship between
basic information processing and acute anaerol@ese intensity. As intensity level
increased within the assigned groups so did saordékree levels of The Stroop Test.
When it came to testing attention and slightly moyeplex information processing
using the PASAT, it was determined that cognitieef@mance increases curvilinearly
with exercise intensity. The greatest positiveetfivas seen following anaerobic
exercise at70% of participants’ 10 RM and effe@srdased within the 100% of 10 RM
group. Chang and Etnier identified a dose respoglagonship between acute anaerobic
exercise intensity and cognitive performance. Aolie exercise intensity has a linear
positive affect on basic information processing, fou more complex information
processing the relationship is curvilinear and %0 RM is ideal for the largest

positive effect on attention.
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Pontifex, Hillman, Fernhall, Thompson, and Valen{#009) conducted a study
to determine the effects an acute bout of aeratuicamaerobic exercise would have on
working memory. Twenty-one participantd<£20.2 years) attended four sessions
including a baseline, aerobic, anaerobic, and &rabnvith the order of the latter three
sessions being counterbalanced. Working memorymessured among participants
through the use of a modified Sternberg task, reguparticipants to identify a
previously presented letter in a set of three,, foreseven letters at an increasing
difficulty. Participant’s cardiorespiratory fitne@svas assessed using a M@ax test.

Day one (baseline testing) consisted of,\f@ax testing followed by strength testing used
to identify a one repetition max (1 RM) for all ezises used during the resistance
session. The program used during the resistarsstogeconsisted of seven different
exercises targeting all major muscles. Duringisaesswo, three, and four all
participants took the modified Sternberg task imiaedly before, immediately after, and
thirty minutes after the assigned conditions f@r skession. The anaerobic session
included the seven resistance exercises used dhergfrength assessment, this time
consisting of three sets of eight to twelve repwig at 80% of their respective
predetermined 1 RMs. The anaerobic session léstegpproximately 30 minutes. The
aerobic session required participants to run oradmill at 60-70% of their VEOmax for
30 minutes. During the control session participasat quietly for 30 minutes and were
allowed to read magazines.

Pontifex et al. (2009) determined that immediafelilowing and 30 minutes after

an aerobic exercise session a positive effect aking memory exists. A similar effect
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was not seen for the anaerobic and control sessifisle a significant effect was not
seen for acute anaerobic exercise and cognitiierpesince by Pontifex et al., it should
be noted that only working memory was measuredcasrgponent of cognition.
Previous research in adult samples has identifigoisétive effect on cognitive
performance in domains other than working memolip¥ang resistance exercise
suggesting that additional cognitive measures naa nesulted in different effects.
Further research following a similar design but sugag additional components of
cognitive performance may result in various efféetgling to a better understanding of
acute resistance exercise on a preadolescent piopula

Future Directions

When studying cognitive performance and how exerciluences a person’s
ability to think, it is important to acknowledgectars that contribute to cognitive
functioning throughout all stages of human develepin Development of cognitive
function begins at birth and continues throughbatlifespan of a normal functioning
person, though the rate at which development oaharges with age. The largest gains
in cognitive development occur during childhood andtinue through adolescence,
beginning to slow in the mid-thirties.

After reviewing the existing literature on exerce®&l cognition it is apparent that
acute bouts of resistance exercise can have aveosifect on information processing
and attention within young, middle, and older aslulthe majority of research
identifying an effect between resistance exerambagnitive performance uses the term

“strength” when describing the exercise prograndus&hile participants will gain
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strength via resistance exercise at varying raassdon repetitions and intensity, it
should be understood that the ACSM has identifatiteonal benefits such as muscular
endurance and hypertrophy as likely outcomes tisteege exercise at higher repetitions.
Higher repetition sets are commonly seen in tleeditire on resistance exercise and
cognition, suggesting that strength training matybean accurate term. The phrase
resistance exercise should be used as a more y@rareencompassing the endurance,
strength, and hypertrophy benefits muscles maywvecd\o research exists that attempts
to determine the effect acute resistance exercegsehave on cognitive performance in a
preadolescent population. Now considered to befiozal to the overall health and
development of children, resistance training mdgrad cost effective way in which
cognitive performance can be increased in and ftleoclassroom. In terms of
performance within schools it has also been idiectifhat aerobic exercise at a moderate
intensity has a positive effect on academic aclmerg within a preadolescent
population. While there is no existing researctaoute resistance exercise and academic
achievement in a preadolescent population eitixgstieg literature suggests this may be

a population with promising outcomes.
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CHAPTER 11

METHODS

Participants

Fifty 3" graders participated in this study (27 femalep28e) with a mean age of
8.32 yrs (SD=.54). The output from the statisten@lyses for all outcome variables is

located in Table 1.

Upon receiving approval through the Institutionavikw Board, participants
were recruited from Greensboro Day School, a peivain-sectarian college preparatory
Kindergarten through High School. ParticipantseMeetween the ages of 8 and 9 years
of age and functioning at a cognitively normal Iefee their age range. Principals and
teachers of Greensboro Day School were contactedtlyi and briefed on the goals and
expectations of the study. Participation in thiglg was voluntary and signed consent
forms were collected from a parent or legal guardiball interested participants and
signed assent forms were collected from the childre
Procedure

Upon acceptance into the study participants weardamly assigned to either a
control group or a treatment group. An analysigasfance was used to confirm that the

two groups were equal based on z-scores attainettfre pre-test.
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Participants attended three days of testing. Qroda participants, regardless of
group, were introduced to the cognitive tasksrohiictions to the cognitive tasks
consisted of an informational presentation and destration as to what was expected
from each participant for each of the four cogmitiasks. Following this introduction
and answering of any questions, participants wekedato perform the cognitive tests as
the pre-test measure. Introductions to the remstaxercises took place immediately
following the pre-test and included demonstratiohgroper form for the seven exercises
as well as guided practice of the movements withaights.

On day two an indirect 10 repetition maximal ldt each exercise was
determined for each participant (see below), ireeipe of assigned group.

On day three, the post-testing day, participaniset at the school gymnasium
during their usual 45 minute physical educatioslaThe participants randomly
assigned to the control group moved to the neaobypaiter laboratory to complete the
measures of cognitive performance. Upon complaiifdhe cognitive tasks participants
in the control group immediately moved back toglgemmnasium and began the resistance
exercises. Participants randomly assigned tordarhent group remained in the
gymnasium, after the control group had left for toenputer lab, and began the
resistance exercises. Upon completion of theteesie exercises, participants in the
treatment group immediately moved to the compuatieodatory for the cognitive testing.
It should be noted that at least two weeks hadselhpetween pre-testing and post-

testing.
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Resistance Exer cise Protocol

Determination of Weight

The resistance exercise protocol followed the gjinés set forth by the ACSM in
regards to resistance exercise in youth. All tasrse exercises remained within the 6-15
repetition range and no 1 repetition maximal hfisre used. A moderate intensity, as
determined by the ACSM, was used for each exerdi$e weight for each exercise
constituting this intensity was determined by idfgirig a 15 repetition low to low-
moderate intensity lift for each of the seven elsgx for each participant. The low to
low-moderate intensity for each participant wasdatned through a combination of
participant feedback and the judgment of the traimeorking with them. Determination
of the proper weights was accomplished throughuigeof dumbbells ranging from 1 to
10 Ibs increasing in 1lb increments. In identifythe proper weight to be used for each
exercise, participants were assigned dumbbellsagfing weight as way to gauge the
strength of each participant. The weight of thentlbells used for the baseline session
was chosen through a combination of participardifeek, too light or heavy, and the
judgment of either an ACSM or National Strength &whditioning Association (NSCA)
certified fitness trainer. Following the guidasifor proper resistance training
technique, the weight used by each participanttferl5 repetition lifts was either
increased, decreased, or kept the same based ohdberations of the certified trainers.
The weight determined to be appropriate for a lowotv-moderate intensity for 15
repetitions for each of the seven exercises wawéight deemed appropriate as a

moderate intensity for the resistance training day.
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Resistance Exercise Session

During the post-testing session participants waroqeusing very light
weight/no weight by quickly performing 1 set of tHpetitions for each exercise. This
warm-up was also used to remind participants gb@rdorm before executing each
exercise. Following the warm-up participants costgd 2 sets of 10 repetitions at their
previously determined 10-repetion maximal lift #oresistance exercise incorporating all

major muscle groups. The resistance exercisesdig@t the session were:

1. Bodyweight squat 2x10

2. Standing shoulder press 2x10

3. Chest press 2x10

4, 2 point row 2 x 10 each arm
5. Overhead tricep extension 2x10

6. Bicep curl 2x10

7. Bodyweight lunges 2 x 10 each leg
Measures

The Psychology Building Language Experiment (PE®B¥ used as a way to
administer all cognitive tasks. PEBL is a freewafe created by Dr. Shane T. Mueller
as way to administer multiple cognitive tasks ire gmogram with the option for
customization through the creation and additionew source codes. PEBL was chosen
for this study due to its ability to chain cognéitasks together and for its customizability

of instructions prior to each measure. Due toytheng age of the sample tested, many of
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the written directions for each cognitive task weredified to ensure understanding. The
four tasks used to measure cognitive performance tiie Tower of London, the Stroop
test, the Corsi span, and the trailmaking taskur Bdferent orders of these tests were
created and randomly assigned to the participaitksnaeach treatment group, making
sure that an approximately equal number of thekfit orders were represented in each
group. The order of tests used during pre-testusas again for the same participants at
post-test.

The Tower of London task was used as a measuramfipg and problem
solving. During this computer-based task partictpavere required to arrange 3 colored
discs in a workspace to match the arrangemenpoésented model in as few moves as
possible. The difficulty of each trial increasexniass trials and participants had 60
seconds to complete each trial. The test contéibedals and time for completion of
each trial (TOL Time), first time of movement faah trial (TOL First Time), and total
steps were recorded for each participant (TOL Steps

The Stroop Test was used to measure attentionracegsing speed on three
increasingly challenging cognitive tasks, StrooBSpop W, and Stroop C. Time taken
for completion and errors made were recorded foh éask. The Stroop D contained a
random sequence of twenty-four colored dots (bie, yellow, and green) presented on
a computer screen. Participants were requiredewtify the color of each of the stimuli
using the numbers one through four on their keythodihe key to the matching of each
number with each color was displayed on the monitaughout the Stroop Test. The

Stroop W consisted of a random sequence of twentysords (not the names of colors)
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presented in blue, red, yellow, or green font.tiBigants were required to identify the
color of each word, ignoring the word itself, usthgir keyboard. The Stroop C
consisted of a random sequence of twenty-four wiildsnames of colors) presented in
blue, red, yellow, or green font. Participantsevexquired to identify the color of each
word using their keyboard, ignoring the word its€lbr all tasks, participants began at
the top left of the screen and worked their waptigh the stimuli moving to the right
and down.

The Corsi Span was used to assess memory. TheSpans is a computer-based
test in which participants see a number of boxedamly dispersed on a screen. In each
trial some of the boxes, beginning with two boxesuld light up in a sequential order.
Participants were required to recall the order Imclv the boxes lit up by clicking the
appropriate boxes in the same order in which tlaylbeen displayed. Each time a
participant correctly finished two trials of thexsa difficulty (number of boxes) another
trial would begin with one additional box illumirat. Each time a participant answered
incorrectly the next trial would have one fewer baXpon incorrectly responding to two
trials of the same difficulty the test ended witloes and memory span being recorded.

The trail making task was used to test task swvitgand visual attention during
two increasingly difficult tests. The first tesintained the numbers 1-18 randomly
dispersed across a computer screen. Participantesagked to click each number
sequentially beginning with the number 1 and cantig in order to the number 18. The
second task required participants to alternateesgplly clicking a series of randomly

placed numbers and letters on a computer screarticiPants would click 1 followed by
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A followed by 2 followed by B and so on until reautp the number 9. Completion time
and errors made were recorded for both tasks.
Statistics

A mixed repeated measures analysis of varianceQ¥A) was used in order to
determine the differences in performance as ailmactf treatment group (exercise or
control), session (pre-test or post-test),and tihéaraction. The dependent variables
were: TOL Steps, TOL First Time, and TOL Total Enstroop D Time, Stroop D
Errors, Stroop W Time, Stroop W Errors, Stroop @@&j Stroop C Errors, Corsi Span

(working memory), Trails A Time, Trails A Clicksdils B Time, and Trails B Clicks.
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CHAPTER IV

RESULTS

Primary Analysis

Tower of London

There was a significant main effect for sessiorfifst time, F(1,48)=74.08,
p<.05 but no treatment group main effdet],48)=1.36p>.05, or treatment group x
session interaction effedt(1,48)= .43p>.05. Examination of the means for the main
effect for first time indicate that performance moyed from baseline (M=4493.72 sec,
SD=3572.98) to post-test day (M=3572.98 sec, S(838.There was also a significant
main effect for session for total tim(1,48)=21.68p<.05, indicating that total time
improved from baseline (M=16971.16 sec, SD=702t@ post-test (M=13555.33 sec,
SD=663.4). A significant main effect for treatmenoup for total timeF(1,48)=700.78,
p<.05, was identified indicating that time was gegdor the treatment group
(M=15514.8, SD=798.93) than for the control grokj={15011.691, SD=831.55). There
was no significant treatment x session interadiworiotal time,F(1,48)=0.15p>.05. For
steps, the main effect for session, treatment gnoain effect, and treatment group x

session interaction effect were not statisticaliysicant, F's(1,48)<0.38p’s>.05.
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Stroop Task

There was a significant main effect for sessionStvoop D time[(1,47)=34.81,
p<.05, indicating that performance improved fromdliae (M=68.57, SD=4.23) to post-
test (M=50.32, SD=2.96) and a significant main ffer treatment group,
F(1,47)=34.81p<.05, indicating that time was greater for the contM=59.72,
SD=4.72) than for exercise group (M=59.17, SD=4(68¢ Figure 1). The treatment
group x session interaction was not significantStmoop DF(1, 47)=0.69p>.05. For
Stroop D errors the main effects for session agakttnent group and the treatment group
X session interaction effect were not statisticaignificant,F's(1,47)<1.5p’s>.05.

There was a significant main effect for sessionSsoop W timefF(1,46)=19.57,
p<.05, indicating that performance improved fromdiae (M=60.79, SD=3.2) to post-
test day (M=49.96, SD=3.46). However, there wasignificant main effect for
treatment groupf(1,46)=.002p>.05, nor was the treatment group x session inierac
significant,F(1,46)=1.69p>.05. There was no significant main effect forssas for
Stroop W errorsi(1,46)=1.44p>.05, and no significant main effect for treatmegrdup,
F(1,46)=0.63p>.05. However, the treatment group x sessionacten was significant
for the Stroop W errors;(1,46)=4.7 p<.05, indicating that the control group showed a
greater increase in number of errors committed foaseline (M=3.74, SD=1.85) to
post-test (M=8.61, SD=2.33) than did the exercreeig from baseline (M=8.88,
SD=1.77) to post-test (M=7.48, SD=2.24) (See Fidyre

There was a significant main effect for sessiarStwoop C timef(1,46)=18.54,

p<.05, indicating that performance improved fromdliae (M=68.11, SD=4.15) to post-
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test (M=53.41, SD=3.12). However, there was naiBgant main effect for treatment
group,F(1,46)=0.28p>.05, or treatment group x session interactioniBggmce,
F(1,46)=0.78p>.05. For Stroop C errors, the main effect fosges treatment group
main effect, and treatment group x session intemactffect were not statistically
significant,F’s(1,46)<2.05p’s>.05.
Corsi Task

There was no significant main effect for Corsi Spar sessioni(1,47)=.001,
p>.05, and no significant interaction of treatmerdugp x sessiorf;(1,47)=1.46p>.05.
The treatment group main effect was signific&itl,,46)=5.15p<.05, indicating that
performance for memory span was better for therobgtoup (M=5.15, SD=.165) than
for the treatment group (M=4.62, SD=.162).
Trail Making Task

There was no significant main effect for sessianfiails A time,F(1,47)=1.75,
p>.05, no significant treatment group main effégt,,47)=1.89p>.05, and no significant
treatment group x session interactib(il,47)=.056p>.05. There was no significant
main effect for session for Trails A clicks(1,47)=0.89p>.05, no significant treatment
group main effect, F(1,47)=1.5, p>.05, and no $igamt treatment group x session
interaction,F(1,47)=0.61p>.05.

There was a significant main effect for sessianli@ils B time,F(1,47)=7.17,
p<.05. Examination of the means indicated that wiaereased from baseline
(M=28797.49, SD=1859.21) to posttest (M=24270.17$450.54). There was no

significant treatment group main effect for Trdl$sime, F(1,47)=0.8,p>.05, and no
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significant treatment group x session interactte(i,47)=1.43p>.05. There was no
significant main effect for session for Trails Actls, F(1,47)=0.21p>.05, no significant
treatment group main effec¢t(1,47)=1.83p>.05, and no significant treatment group x

session interactior;(1,47)=0.36p>.05.
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Tablel Primary Analysis

Cognitive Measure Effect df F Sig. Partial Eta
Squared
TOL Steps Session (1,48) 0.33 0.57 0.01
Treatment Group 0.38 0.54 0.01
Session x Treatment Group 0.01 0.91 0.00
TOL First Time Session (1,48) 74.08 0.001 0.61
Treatment Group 1.36 0.25 0.03
Session x Treatment Group 0.43 0.52 0.01
TOL Time Session (1,48) 21.68 0.001 0.31
Treatment Group 700.78 0.001 0.94
Session x Treatment Group 0.15 0.7 0.003
Stroop Time D Session (1,47) 34.81 0.001 1.00
Treatment Group 34.81 0.001 0.43
Session x Treatment Group 0.69 0.41 0.01
Stroop Time D Errors  Session (1,47) 0.68 0.41 0.01
Treatment Group 0.54 0.47 0.01
Session x Treatment Group 1.5 0.23 0.03




LE

Cognitive Measure Category df F Sig. Partial Eta
Squared
Stroop Time W Session (1,46) 19.57 0.001 0.29
Treatment Group 0.002 0.97 0.00
Session x Treatment Group 1.67 0.2 0.04
Stroop Time W Errors  Session (1,46) 1.44 0.24 0.03
Treatment Group 0.63 0.43 0.01
Session x Treatment Group 4.7 0.04 0.09
Stroop Time C Session (1,46) 18.54 0.001 0.29
Treatment Group 0.28 0.6 0.01
Session x Treatment Group 0.78 0.38 0.02
Stroop Time C Errors  Session (1,46) 2.05 0.16 0.04
Treatment Group 1.73 0.19 0.04
Session x Treatment Group 0.6 0.44 0.01
Corsi Span Session (1,47) 0.001 0.98 0.00
Treatment Group 5.15 0.03 0.09
Session x Treatment Group 1.46 0.23 0.03
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Cognitive Measure Category df F Sig. Partial Eta
Squared
Trails A Time Session (1,47) 1.75 0.19 0.04
Treatment Group 1.88 0.18 0.04
Session x Treatment Group 0.56 0.46 0.01
Trails A Clicks Session (1,47) 0.89 0.35 0.02
Treatment Group 1.49 0.23 0.03
Session x Treatment Group 0.61 0.44 0.01
Trails B Time Session (1,47) 7.17 0.01 0.13
Treatment Group 0.8 0.38 0.02
Session x Treatment Group 1.43 0.24 0.03
Trails B Clicks Session (1,47) 0.21 0.65 0.004
Treatment Group 1.83 0.18 0.04
Session x Treatment Group 0.36 0.55 0.01
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Table?2

M eans and Standard Deviations

Cognitive Measure

Day 1 Exercise

Day 2 Exercise

Day 1 Control

Day 2 Control

TOL Steps

TOL First Time
TOL Time
Stroop Time D
Stroop D Errors
Stroop Time W
Stroop W Errors*
Stroop Time C
Stroop C Errors
Corsi Span
Trails A Time

Trails A Clicks

Mean
82.30

4652.85
17363.18
69.57
8.48
62.94
8.88
64.89
10.44
4.72
20448.00

22.00

sD
12.43

1045.07
5053.08
34.81
9.43
23.70
10.43
27.79
13.08
0.98
9682.50

3.23

Mean
84.73

3662.11
13666.42
48.76
8.00
45.07
7.48
53.22
11.68
4.52
18612.96

22.12

sD
16.34

882.09
5287.04
19.84
10.17
23.06
8.32
20.14
15.56
1.01
4880.75

4.37

Mean
85.17

4334.59
16579.13
67.50
5.21
58.64
3.74
71.33
5.00

5.04
17740.75

20.50

sD
20.24

870.47
4868.27
22.90
6.84
20.31
6.77
29.75
6.04
0.69
4308.84

3.15

Mean
87.46

3483.85
13444.25
51.89
7.67
48.84
8.61
53.60
9.17
5.25
17228.17

21.75

sD
21.14

417.07
3932.70
21.62
11.20
24.85
13.66
23.02
12.19
1.26
3112.81

3.86




(017

Cognitive Measure Day 1 Exercise Day 2 Exercise Day 1 Control Day 2 Control

Mean SD Mean SD Mean SD Mean SD
Trails B Time 31097.48 1517491 24546.44 7614.72 26497.50 10280.17 23993.75 12250.99
Trails B Clicks 22.96 4.61 22.84 5.44 21.12 3.48 22.00 4.22

NOTE: * indicates significant treatment group ssen interaction
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Figurel Stroop W Error Treatment Group X Session Interaction
Stroop W Errors Over Time
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CHAPTER YV

DISCUSSION

Research into the effects an acute bout of exehaisen cognitive performance
has primarily focused on aerobic exercise and aitt admplegEtnier, Salazar, Landers,
Petruzzello, Han, & Nowell, 199Zambourne & Tomporowski, 201Chang, Labban,
Gapin, & Etnier, 2012). While research on resistaexercise and its relationship to
cognitive performance is limited, positive resuitre been identified in the few studies
utilizing this mode of physical activity with adsl{Chang & Etnier, 2008, Chang, Ku,
Tomporowski, Chen, & Huang, 2012, Chang & Etni€@0%2). Similar to adults, younger
samples have been shown to experience cognitivefibefollowing aerobic exercise
(Tomporowski, 2003, Hillman, Pontifex, Raine, C#stelall, & Kramer, 2009, Pesce,
Crova, Cereatti, Casella, & Belluci, 2009, Ellenthér St-Louise-Deschenes, 2010).
Largely because safety concerns have preventedrobsen the ways in which acute
resistance exercise can benefit cognition in yousgmples (Behm, Faigenbaum, Falk &
Klentrou, 2008), it is unclear what the relatiomshetween resistance exercise and
cognitive performance may be for children. Basedh@ existing body of research, it
was the purpose of this study to identify the dffatacute bout of resistance exercise has
on the cognitive performance of a preadolescenptam

In this study, a resistance exercise session stimgiof seven exercises

encompassing all major muscle groups was createdlar to determine the effect this
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mode of physical activity has on the cognitivefpenance of a preadolescent
population. Participants completed all of the dgoga tests at a baseline session and then
again during a post-test session. In the contalg at the post-test, participants
completed four cognitive tasks measuring task swnty, problem solving, inhibition,
processing speed, working memory, and visual atteimmmediately before participating
in the resistance exercise session. The exeroisg gompleted the same cognitive tasks
immediately following the resistance exercise s#ssai the post-test.

Regardless of the randomly assigned conditiongyaaints were placed in,
control or treatment, learning effects did occuearning effects were defined within this
study as increased performance during the complefipost-test and these
improvements were likely due to familiarity andlsgained during the pre-testing
session. The length of time between initially céetipg a cognitive task and taking it
again during post-test can often determine theegetyr which learning effects will affect
the outcome, and it usually agreed that the mare there is between tests, the weaker
the strength of the learning effects will be. Tinee between baseline and post-testing
was at least two weeks in this study, and we gated that this length of time would
diminish the strength of potential learning effeckdowever, given the observed
improvements in performance on all tasks, it iglemt that participants were able to
complete the cognitive tasks more efficiently dgrpost-testing than during baseline. It
is likely that these learning effects overshadotedeffects of the resistance exercise on
cognitive performance and, hence, were a contnguictor to the lack of significance

identified within the majority of the cognitive tes
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A significant difference was identified betweewgps for Stroop W Errors,
indicating that participants in the control groupde significantly more errors from
baseline to post-test, while participants in tle@timent group made fewer errors from
baseline to post-test. A main effect was iderdifier completion time, or overall speed,
for both the control group and the exercise graumfbaseline to post-test with both
groups showing improvements. However, while thereise group saw a slight decrease
in errors made during Stroop W, the control groxypegienced a significant increase in
errors made from baseline to post-test. Thereftaty suggests that while both groups
showed improvements in processing speed, onlyxercise group was able to maintain
and even increase their accuracy and attentivéreasbaseline to post-test on the
Stroop W while also experiencing an improvemergpaed of performance. These
findings indicate that while familiarity with a tagncreased speed to completion at the
expense of accuracy, resistance exercise may bfemtive way of helping children to
improve speed while maintaining both precision attdntiveness. Although the
findings for Stroop W Error provide some limitedoport for the hypothesis that a single
session of resistance exercise will have a poséffect on cognitive performance of a
preadolescent sample, the hypothesis was not siggigior the other cognitive outcomes.

Meta-analyses have determined that aerobic exetoissistently results in
improvements in various components of cognitivdgrarance in all age groups (Etnier,
Salazar, Landers, Petruzzello, Han, & Nowell, 19%mbourne & Tomporowski, 2010)
and research on resistance exercise and cognitiexiusly discussed) suggests that

this mode of exercise can have a positive effeatestain domains of cognitive
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performance in adult samples as well. Consideagm@bic exercise has been shown to
improve cognitive performance in children and agludind that resistance exercise has
been shown to improve cognitive performance in@dulappears likely that resistance
exercise would improve cognitive performance ineagolescent sample. Considering
no research currently exists examining the relatigmbetween resistance exercise and
cognitive performance in preadolescents, the desiginis study was established based
on the existing research using adult samples.

There are several studies that have shown bealeditects of resistance exercise
on cognitive performance. Although the subjectalimof these studies were adults, these
studies are similar to this study in that many atgpef the designs, including mode of
exercise, duration of exercise session, delay poigognitive testing, and time testing
occurred are the same. Chang and Etnier (2008)ndieed that processing speed
significantly increased following an acute bout@distance exercise. While the design
of Chang and Etnier (2008) was similar to this gtudmode of exercise and cognitive
tasks used, the sample was considerably older, &k old, and the duration of the
resistance exercise session was longer, 45 mint&@shermore, since the sample tested
were adults with no restrictions on intensity oéroise, it is likely that the significance
identified within Chang and Etnier (2008) that was identified within the preadolescent
sample may have been due to the intensity beintptedor an effect to be seen in this
study.

Chang and Etnier (2009) identified a dose respogiationship between

resistance exercise and basic information procgstiat is as intensity increased, so did
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cognitive performance. Chang and Etnier also datexd that for attention and more
advanced processing the intensity that yields tbstsignificant results is moderate. In
addition, the findings within Chang and Etnier (2D@re similar to the identified
interaction effect within the Stroop W Errors, sagting that this specific mode, intensity
and duration of exercise may benefit attention\aaribus levels of processing in all age
ranges, including preadolescence. However, althdlog intensity was prescribed to be
moderate, it is likely that the actual intensitgdswvithin this study was low-moderate
due to the safety concerns that arise when presciaiés perform resistance exercises at
too high of an intensity. Pontifex et al. (2000hducted a study using an older sample,
(M=20.2) and determined that no significant effexists for working memory following

a 30 minute bout of resistance exercise. Howekierintensity of the resistance exercise
was slightly greater, high-moderate, and the domadif the session was similar to that
used in this study.

Based on the Chang et al. (2012) meta-analysssthdy was designed in a way
to maximize effect size while working within thenstraints of the available resources.
The ideal duration for an exercise session is masedome research has seen positive
findings with an 11 to 20-minute session while osheave identified that a longer
duration leads to greater effect sizes. In accuréavith the findings of previous
research along with the availability of participgrd 25-minute resistance exercise
session was used. The time of day that testingreagas also taken into account within
the design of this study as research has showrmtdigaitive performance tends to be

better following exercise when taking place in therning. For this reason, all
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participants were tested in the morning, prioruach during their normal school day.
The delay taking place between the exercise sessidicognitive tasks was also taken
into account within the design of the study. Siacke15 minute delay has been
identified as resulting in the greatest effect sughin meta-analytic reviews, participants
within the study had a short delay of approximately minutes between exercise and
cognitive testing in order to maximize effect siZéhe final major moderator taken into
account within the design of this study is intensiPrevious research has identified
mixed results as to what intensity yields the grsiaeffects sizes, with most studies
finding the best results with moderate to vigorolrsorder to maximize effect size
within the study while following the safety guidedis put into place by the ACSM the
intensity chosen was moderate. Unfortunately, ghahe intensity prescribed was
moderate, the actual intensity of the resistanegotse sessions may have been slightly
lower as a way to err on the side of caution wtikepreadolescent sample was
performing the resistance exercises as a way teptenjury. Furthermore, while
ratings of perceived exertion were used as waydnitor intensity in addition to the
prescribed weights, it was apparent that due tgtbep setting of the exercise social
influence among participants made the ratings ofgeed exertion unusable.
Limitations

One factor that may have impacted results in regerdhe design of the study is
the duration of each resistance exercise ses#isrdiscussed above the resistance
exercise sessions were approximately 25 minutegs Eomd while all of the exercises

were completed within this time frame, sessionsseieim rushed at times. While some
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of the existing studies utilizing resistance ex@@s a way to impact cognitive
performance have sessions of a similar length,comiately 25 minutes, others using
differing modes have designs allowing for sligHtpger exercise sessions. It should be
noted that these findings come from meta-analgwews looking at both aerobic and
resistance exercise sessions making it difficuitentify the ideal duration to be used for
a resistance exercise session in a preadolescaptesaThe length of time for the
resistance exercise sessions within this study aleseen based on existing research
(previously discussed) and the availability of faticipants. Access to participants was
limited to their 45 minute physical education clemsd 20 minutes were necessary for the
cognitive testing leaving 25 for the resistancereise session. It is possible that with
more time for the resistance exercise sessiontiaddi exercises and/or sets could have
been added, potentially increasing the effect atioch§ in line with the slightly longer
exercise sessions that have identified improvemantegnitive performance (Chang &
Etnier, 2008).

In conjunction with the time restrictions for thesistance exercise session the
size of the groups during the sessions may have &éactor as well. Due to the limited
access and time to the participants, the groupdsideg the resistance exercise was
approximately 9 subjects per researcher. Whilearet has shown that both individual
and group exercise can result in improved cognpedormance, a group this size
consisting of preadolescents may have had a negatpact on efficiency of the exercise
session. Though researchers were able to keapipants on track while completing the

exercises, directions needed to be repeated afterake sure participation did not
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diminish as socializing among participants waseghigh. This irregular participation
may have had a negative impact on the effort pth oy participation during the
exercise session, potentially decreasing the effect

Future Directions and Implications

Given the lack of current research exploring tHeatfof resistance exercise on
cognitive performance, future research is warradespite the lack of statistical
significance within this study. While it is recoranded for preadolescent samples to
exercise at no greater than a moderate intensékitB Faigenbaum, Falk, Klentrou,
2008), a design in which levels of intensity ariedent among groups may result in a
better understanding of dose-response relation&i@pgeen resistance exercise intensity
and cognitive performance. For this reason,iimigortant to determine the appropriate
dose of exercise necessary for preadolescentsnhoin terms of intensity but in regards
to duration as well. Since so little researchtsxis regards to resistance exercise in
preadolescent samples, it is possible that whabées established as an effective dose
of exercise for adult samples may not be the saitenayounger subjects. Other factors
that that should be taken into account in futuseagch are the location of the testing and
the researcher to participant ratio. While resistaexercise and cognitive tasks were
administered in a group setting in this study, @atgr effect may be identifiable in a
smaller laboratory setting rather than in a sclotedsroom or gymnasium. Additionally,
it is likely that a smaller researcher to participeatio in a laboratory may decrease social
interactions and comparisons while increasingnstd motivation. Furthermore, future

research must use a design that minimizes leagffegts, such as a design that does
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look at change over time but rather differencesvben groups only. Without a way to
understand the degree to which learning effectg Irapacted outcomes, it becomes
unclear as to what the relationship between registaxercise and cognitive performance
may be.
Conclusion

The purpose for performing this study was to esptbe effects an acute bout of
resistance exercise has on the cognitive perforenaha preadolescent population. The
findings from this study suggest that an acute lbbuesistance exercise may increase
processing speed and inhibition in preadolescémisigh results are only marginally
supportive of this conclusion. Findings also swjdgieat an acute bout of resistance
exercise does not impact task switching, problelwirsgy working memory, and visual

attention in preadolescents.
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APPENDIX A

OMNI-SCALE OF RPE
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APPENDIX B

PARENTAL CONSENT

Faculty Advisor: Jennifer L. Etnier, Ph.D.
Graduate Student: Michael A. Castellano

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO
CONSENT FOR A MINOR TO ACT AS A HUMAN PARTICIPANT

Project Title: The effect of an acute bou

Project Director: _Jennifer L. Etnier

Parent’s Name:

‘What is the study about?
The purpose of this research study is to investigate the effect of an acute bout of resistance exercise on
cognitive performance in children. Your child’s participation in this project is voluntary,

Why are you asking my child?
We are asking your child because he/she is between the ages of 7 and 11 and is currently enrolled in the
3" grade class at Greensboro Day School.

What will you ask my child to do if I agree to let him or her be in the study?

We are asking for permission to record information about your child while in his/her physical education
and computer classes. As part of the 3" grade physical education curriculum, we will teach students to
perform resistance exercises at a moderate intensity. Also as part of the 3" grade computer class
curriculum, students will be taking some mental tasks to measure cognitive performance. No extra time
will be required outside of class and no grades will be attached to any of the testing. We will randomly
assign children to either perform the resistance exercise before or after they do the mental tasks. The data
we want to collect will be used to address the research question of whether or not resistance exercise
affects cognitive task performance.

We will also ask your child to complete a questionnaire about his/her physical activity participation. The
parent/guardian will also be asked to complete brief questionnaire about the child’s health and
development.

What are the dangers to my child?

The Institutional Review Board at the University of North Carolina at Greensboro has determined that
participation in this study poses minimal risks to participants. Your child may skip any questions that
he/she does not wish to answer on the physical activity questionnaire.

If you have any concerns about your child’s rights, how they are being treated or if you have questions, want
more information or have suggestions, please contact the Office of Research Integrity at UNCG toll-free at
(855)-251-2351.

Questions about this project or benefits or risks associated with being in this study can be answered by
faculty advisor Jennifer L. Etnier, Ph.D., who may be contacted at (336-334-3037) or (jletnier@uncg edu)
or by Michael Castellano, who may be contacted at (224-595-3208) or (macastel@uncg edu).

IRB Application
1of2
10-30-13

UNCG IRB
Approved Consent Form
Valid from:

10/30113  to 10/20114
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Faculty Advisor: Jennifer L. Etnier, Ph.D.
Graduate Student: Michael A. Castellano

Are there any benefits to society as a result of my child taking part in this research?
The intended benefits for participants in this study are a heightened awareness of the possible effects of
acute resistance exercise on cognitive performance.

Are there any benefits to my child as a result of participation in this research study?
There will be no direct benefits to participants.

Will my child get paid for being in the study? Will it cost me anything for my kid to be in this
study?
There are no costs to you or payments to you or your child as a result of participation in this study.

How will my child’s information be kept confidential?

Your privacy will be protected because you and your child will not be identified by name as participants
in this project. Data collected will be kept in a locked file cabinet and all computer files will be password
protected. All information obtained in this study is strictly confidential unless disclosure is required by
law.

All participants will be assigned an identification number to be used on all measures of cognitive
performance and on the general questionnaire returned by the parents. The number of reps/sets and the
particular weight used for each exercise will be recorded by name to facilitate provision of instruction
during the exercise treatment. However, these hard copies will be destroyed upon completion of the study
and the data will be stored in an electronic database by ID number. The master list of names and ID
numbers will be kept in a file separate from the data from the study.

What if my child wants to leave the study or I want him/her to leave the study?

You have the right to refuse to allow us to record this data or to withdraw your child at any time, without
penalty. If your child chooses not to participate or withdraws, it will not affect you or your child’s
relationship with the school in any way. If you or your child chooses to withdraw, you may request that
any data, which has been collected, be destroyed unless it is in a de-identifiable state. Also, your child
may skip any questions he or she does not wish to answer or may choose not to complete the physical
activity questionnaire.

What about new information/changes in the study?
If significant new information relating to the study becomes available which may relate to your
willingness allow your child to continue to participate, this information will be provided to vou.

Voluntary Consent by Participant:

By signing this consent form, you are agreeing that you have read it or it has been read to you, you fully
understand the contents of this document and consent to your child taking part in this study. All of your
questions concerning this study have been answered. By signing this form, you are agreeing that you are
the legal parent or guardian of the child who wishes to participate in this study described to you by
Jennifer L. Etnier, Ph.D.

Date:
Participant's Parent/Legal Guardian’s Signature
UNCG IRB IRB Application
Approved Consent Form 20f2
Valid from: 10-30-13

10/30M13 to  10/20/14
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APPENDIX C

CHILD’S ASSENT

Study Title: The effect of an acute bout of resistance exercise on cognitive performance in preadolescents

My name is

‘What is this about?
I would like to talk to you about recording some information about you in your physical education and
computer classes. | want to learn about how exercise can help children perform better during thinking games.

Did my parents say it was ok?
If your parents say it’s okay for you to be in this study, they will sign a form like this one. Both you and your
parents have to say it’s okay for you to participate.

Why me?
We are asking you to participate because you are between 7-11 years of age.

What if I want to stop?

You do not have to say “yes”, if you do not want to take part. We will not punish you if you say “no”. Even
if you say “yes” now and change your mind after you start doing this study, you can stop and no one will be
mad at you.

‘What will I have to do?

In your computer class, you will be doing some thinking tasks on the computer. In your physical
education class, you will exercise using dumbbells and your own bodyweight. I would like to record
information about your performance in both classes. If you agree to be in our study and your parent says
it is okay, we are going to ask your parent to give us information about you, we will record information
about you during your physical education and computer classes, and we will ask you to complete a
questionnaire that asks you about your physical activity participation.

Will anything bad happen to me?
There are minimal risks to recording your data and completing the questionnaire. While taking the
questionnaire you may skip any questions you do not wish to answer.

Will anything good happen to me?
You will learn how to do exercises with weights.

Do 1 get anything for being in this study?
No.

‘What if I have questions?
You are free to ask questions at any time.

If you understand this study and want to be in it, please sign or write your name below.

Signature of child Date

UNCG IRB
Approved Consent Form
Valid from:

10/30/13 to 10/20/14
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APPENDIX D

GREENSBORO DAY SCHOOL PARENT LETTER

t“ THE UNIVERSITY of NORTH CAROLINA
J) GREENSBORO

School of Health and Human Sciences
Department of Kinesiology

Dear Parent,

My name is Jennifer L. Etnier and I am a professor at the University of North Carolina at Greensboro
and a parent of a third grader, Payton Wagner, at Greensboro Day School. I am working with my
master’s student, Michael Castellano, to conduct a study to help us understand how participation in
physical activity can affect cognitive performance on tasks that are relevant to academic performance.
Mrs. Gillian Goodman, Lower School Director, Mrs. Maude Caudle, Computer Specialist, Mrs. Beverly
Edwards, Third Grade Lead Teacher, and Mr. Kyle Gilmer, Physical Education teacher at Greensboro
Day School, have agreed to let us conduct a study at GDS.

As part of the 3™ grade physical education curriculum students will be taught to perform a series of
resistance exercises at a moderate intensity. Also, as part of the 3™ grade computer class curriculum
students will be taking a series of mental tasks used to measure cognitive performance. These sessions
are scheduled to take place during the regularly scheduled classes on November 14, 15, and 22. We are
asking for permission to record your child’s data during the exercise sessions and on the cognitive tests.
This data will be used to ascertain the extent to which resistance exercise affects cognitive task
performance. We will also ask your child to complete a questionnaire that assesses their physical activity
behavior.

Data will be recorded without names (i.e., using only identification numbers). We will keep the data
confidential and will not report your child’s data in any way that could be linked to your child.

If you and your child are willing to allow data collection to occur, please return the Consent for a Minor
to Act as a Human Participant form with your signature, the Child’s Assent form with your child’s
signature, and the completed General Questionnaire. Once we have completed the study, we will share
the findings with Greensboro Day School.

Thank you for your time and please don’t hesitate to call (336-334-3037) or email (jletnier@uncg edu) if
you have any questions or concerns.

Sincerely,

Jennifer L. Etnier, Ph.D.
Parent of Payton Wagner, GDS class of 2023 and James and Max Wagner, GDS class of 2025

Approved IRB
10/30/13
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