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ABSTRACT 

Minulolo, S.L. The effect of geocaching on heart rates of eleme~itilrv students. MS in 
Exercise and Sport Science: Physical Education Teaching, May 2010, 87 pp. (J. Steffen) 

The increasing popularity of geocaching has led to questions regarding its impact on 
physical activity. The purpose of this study was to examine physical activity levels based 
on heart rate in elementary aged students when walking, (trial 1) and geocaching (trial 2). 
Subjects in grades 3 through 6, ages 8-12 were selected as a convenience sample. 
Subjects were taught to use a Polar heart rate monitor and Gamin eTrex Legend H Global 
positioning System (GPS). Heart rates were recorded continuously during each trial. Each 
trial was 40 minutes. The average heart rate for trial 1 was 150.56 t 6.05 bpm and 149.75 
? 8.30 bpm for trial 2. Results show there were no significant differences between 
wallcingkd geocaching. This study shows self peed walking and geocaching activities 
have similar exercise demands. There were slight differences between classes but they 
were not statistically significant. 

Key terms: geocaching, heart rate monitors, elementary, physical activity 
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INTRODUCTION 

Geocaching is a relatively new sport introduced in May, 2000 (Geocaching, 

2010). Technology was upgraded allowing Global positioning systems (GPS) to increase 

their accuracy by tenfold. This allows for new sports and physical activity tracking 

programs to be developed. According to the official geocaching website, "geocaching is a 

high-tech treasure hunting game played throughout the world by adventure seekers 

equipped with GPS devices. The basic idea is to locate hidden containers, called 

geocaches, outdoors and then share your experiences online". Coordinates are entered 

into the GPS to find a cache (Geocaching, 2010). Geocaching involves physical activity 

to get to each geocache. The physical demands of geocaching will elevate heart rates 

which may help participants meet the National Association for Sport and Physical 

Education standards (NASPE, 2010). Heart rates can be measured by using heart rate 

monitors worn by the participants. 

Studies have shown tracking children's physical activity is a very challenging and 

complicated endeavor. "The technique of monitoring children's heart rates in field 

conditions emerged in the early 1970s (Bradlield et al., 1971)." Heart rate has helped 

researchers determine the physiological effects on children and participants during 

different activities. Studies using heart rate monitors have discovered children have 

become sedentary. "Children's physical inactivity has been deemed to be a modifiable 

risk factor for lifestyle-related diseases such as osteoporosis and coronary heart disease" 

(Stratton, 2000). Low levels of physical activity during childhood may compromise the 
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current and future health and well-being of the population (Biddle & Fox, 1998, 

as cited in Stratton, 2000). The goal of physical educators is to encourage children to 

participate 

regularly in physical activity, help children to exhibit responsible personal and 

social behavior that respects self and others in physical activity settings and help children 

to value physical activity for health, enjoyment, challenge, self-expression, and/or social 

interaction (Stratton, 2000). These goals can be achieved when participating in 

geocaching. 

According to NASPE, "Children should accumulate at least 60 minutes, and up to 

several hours, of age-appropriate physical activlty on all, or most days of the week 

(NASPE, 2010). This daily accumulation should include moderate and vigorous physical 

activity (MVPA) with the majority of the time being spent in activity that is intermittent 

in nature." Moderate physical activity can be defined as walking, gardening, hiking, and 

dancing. According to the Centers for Disease Control (CDC, 2010), moderate physical 

activity is defined as "3.0 to 5.9 times the amount 01 energy expended at rest." 

Vigorous physical activity can be defined as running, swimming, cycling, 

aerobics, and walking very fast (Unites States Department 01 Agriculture, 2009). 

According to the CDC (2010), vigorous physical activity is "physical activity that is done 

at 6.0 or more times the intensity of rest." When heart rate is measured during MVPA, 

"Heart rate not only reflects the inetabolisin and posture of the subject, but also his or her 

transient emotional state, the prevailing climatic condition? and the specific muscle 

groups which perform the activity" (Armstrong, 1998). 



Many studies have been conducted measuring heart rates of participants during 

outdoor pursuits i.e., rock climbers, ropes course participants, parachutists, group 

exercise classes, people rappelling, and ltayalters. Studies have been conducted on the 

motivational aspect of geocaching wh~ch shows participants are highly motivated to find 

a prize when on a worldwide scavenger hunt. Few studies have been conducted 011 the 

effects of recreational and competitive geocaching. Few studies have been conducted 

evaluating the physiological effects when children are given a task, specifically when 

geocaching. Therefore the purpose of this study was to examine the effects of self paced 

wallting and geocaching on heart rate among elementary students. 

Geocaching is a sltill children can learn and can continue throughout their 

lifetime. Geocaching provides physiological benefits to children. Geocaching is an 

avenue to help children meet their recommended amount of physical activity outside of 

school. Most children are not able to receive the recommended amount of physical 

activity in physical education classes. Geocaching provides children wit11 physical 

activity if implemented into a school curriculum. Geocaching provides the opportuility 

for lifelong learning. 



METHODS 

Subjects 

Fifty eight private elementary school students in the Midwest volunteered to be 

participants in this study. Subjects included 34 girls and 24 boys in grades three through 

six. All participants and their parents signed assentlconsent forms before talung part in 

the study. Students from the Uiliversity of Wisconsin-La Crosse and parents from the 

school cominunity were asked to help. Volunteers were also asked to sign a consent 

form. These helpers in this study will hereafter be referred to as instructors. All protocols 

were reviewed by the University of Wisconsin-La Crosse Institutioilal Review Board for 

Protection of Human Subjects. 

Table 1. Demographics of Subjects (mean e SD) 

Grade N Age (yrs.) Height (in.) Weight (lbs.) 
3 13 9.10k.35 55.69 k 3.01 85 k 31.75 
4 18 9.9k.19 54.94 e 3.07 81.1 1 + 20.63 
5 11 11.1e.38 59.45 e 3.28 106.55 k 31.23 
6 16 12.1 e.39 61.38 e 2.94 105.81 k 23.66 

Total 58 10.55 + 1.32 57.87 k 3.06 94.62 k 13.45 



Instrumentation 

The comparison of self- paced wallting a id  geocaching was necessary to see if 

there was a difference in heart rate. Walking is a normal exercise in physical education 

for tlie private elementary students. Polar heart rate monitors were used often in physical 

educatioil to help the subjects become experts in obtaining the most accurate reading 

possible before the tests were completed. All testing was completed on the school 

grounds. The sidewalks surrounding tlie school were used for self paced walking. The 

field and surrounding areas were used for geocacliing. Each subject wore a heart rate 

moilitor and was responsible for starting and stopping the watch when instructed. 

Subjects learned about heart rate monitors in correspondence with their heart in physical 

education. Subjects were taught how to put the monitors in the correct position to get an 

accurate measure. Subjects were made aware of when to start and stop their watches for 

collecting data. Polar heart rate monitors were used for this experiment. 

Subjects were taught how to use a Global Pos~tioning System (GPS). The GPS 

used in this study were Gamin eTrex Legend H. Each class, grades three through six, 

were split into a maximum of four groups and completed trial 1 (self paced walkmg) and 

trial 2 (geocaching) on different days. A total of four tests for trial 1 and four tests for 

trial 2 were conducted. Each group of students used one GPS with help from the 

instructor. Instructors were trained by the researcher on how to use the heart rate 

monitors, how to use the GPS, and how to help the students with the GPS. Current age, 

weight, height, and resting heart rate were collected and recorded using a spreadsheet in 

Microsoft Office Excel. 



Both trials lasted 40 nunutes. All students started and stopped their watches at the 

same time. The area used for trial 1 was the sidewalk surrounding the elementary school. 

The area used for trial 2 consisted of the block the school is on. Some caches were 

located under benches, near trees, fences and signs. 

Subjects had little knowledge of using a GPS before the testing took place. The 

directions were brief and specific. The directions for the GPS focused on how to use the 

functions needed for the trial. The researcher created waypoints for the subjects. The 

instructor for each group was taught how to use the GPS by the researcher and was 

proficient in using the GPS. The researcher was confident in the skills of the instructors 

and the subjects. To have maximum supervision while geocaching one instructor or the 

researcher worked with each group. This insured students to be successful in finding the 

caches. 

Procedures 

Data was collected during the middle of January. Average temperature was 30°F. 

A total of eight trials took place. Two trials for each of the four classes were completed. 

In trial 1 the researcher greeted the subjects in the gym. The researcher then instructed the 

st~tdenls to put on the heart rate monitors in an organized fashion. After all monitors 

were on and all subjects had a reading, the subjects sat for five minutes completing a 

word search puzzle so a resting heart rate could be recorded by the researcher. Heart rate 

measures were talten every minute. A spreadsheet created with Microsoft Excel was used 

to record data. The spreadsheet included the subject's name, subject's code name, a 

number, the number 01 the heart rate monitor wrist watch, resting heart rate (RHR), age, 

height, we~ght, and date of birth. 



After the subject's RHR was recorded, the students were asked to put on their 

o~~tdoor  clothing. The students were asked to check to make sure they still had a heart 

rate reading alter they were dressed. The students were asked to stand in a line. When the 

whistle was blown, the students immediately pressed the start button on their heart rate 

monitors and began walking. The subjects were actlve for 40 minute in each trail. The 

students walked around the block of the school. There was one Instructor at the front of 

the group and another in the back of the group. After 40 minutes passed, the whistle was 

blown and the students pressed the stop button on their heart rate monitors. This was the 

same button they used to start ihe time on their watch. All the students made their way 

back to the gym, removed their heart rate monitors, and put them away neatly. There was 

a brief closure. The subjects were thanked for their time and reminded they would be 

using a GPS next time. 

Preparation before Trial 2 
- Train the instructors (see page 8&9) 

- Create a poster wlth cues for the students to remember when using the GPS 

o Four points 

1. Keep moving 

= 2.Watch ihe screen 

3. Never drop the GPS 

4. Follow the arrows 

- Train the subjects in using the GPS. 

- Create groups for each grade pairing them with an instructor. 

o Grades 3,4,  and 6 will be split into f o ~ ~ r  groups, and grade 5 will be split 
inlo three groups. 

- Create a spreadsheet for each grade to record resting heart rate for trial 2. 
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- Set name and create seven waypoints with each GPS to be used. 

- Create a specific sequence for each group to follow when finding the caches. 

o Group One: 001,004,003,005,007,006,002 

o Group Two: 003,005,001,006,002,004,007 

o Group Three: 006,007,002,004,001,003,005 

o Group Four: 002,006,005,003,004,007,001 

- Identify what objects are going to be a1 each cache for each group to take when 
they arrive at each cache. 

o Waypoint 001: Small Red foam footballs 

o Waypoinl002: Blue and orange sticks 

o Waypoint 003: Clothespins 

o Waypoint 004: Certificate stating Waypoint 004 

o Waypoint 005: Popsicle sticks 

o Waypoint 006: Diving ring 

o Waypoint 007: Yellow flag 

o Each item will be in a sealed bucket labeled with the waypoint number. 

In trial 2, subjects were greeted in the gym and aslced lo put on their heart rate 

monitors. After the monitors were on and all the subjects had a reading, they were asked 

to put on their outdoor clothing. Subjects were instructed about the specific things they 

needed to remember when using the GPS. The subjects were given their groups and were 

paired with a11 instructor. The subjects introduced themselves and put on their outdoor 

cloth~ng. Everyone met outside to begin trial 2. The subjects pressed their start button and 

the instructors started the stopwatches on the GPS. 



There were seven caches to locate using the GPS. At each cache (bucket), there 

was an item to be removed. When the subjects heard the whistle at the end of 40 minutes, 

they pressed their start buttons on their watches and returned back to the meeting area. 

Items brought back from each group helped to researcher recognize which caches the 

students were able to locate. In the gym the researcher collected and checked off the 

items each group found. The subjects removed their heart rate monitors. Finally, each 

subject received a certificate for participation in the study. 

After the subjects completed trial 2, the heart rate monitor data was downloaded 

onto a personal computer and analyzed. 

Statistical Analysis 

The heart rate monitor data were stored onto a personal computer and imported 

into Polar Training Advisor Software. The heart rate monitor data was then imported into 

Microsoft Excel individually then put into an all data spreadsheet. There were a total of 

40 pieces of data from each subject from each trial. Resting Heart Rate (RHR), maximum 

heart rate (MAX HR), minimum heart rate (MIN HR), heart rate reserve (HRR), mean 

heart rate (AVE HR), and distance (DIST) were measured in this study for each trial. A 2 

X 4 MANOVA with Tukey Post Hoc Comparison test was completed to test for 

difference in grade, trial, and descriptors. Statistical significance was set at p < .05. 



RESULTS 

MANOVA indicated there were significant differeuce between grades in MAX 

HR( p < .001), AVE HR( p < .000), and DIST (p < ,000). There was also a significant 

interaction effect between trial, grade, and DIST (p < ,000). Post Hoc results showed 

there was a significant difference in MAX HR between grades four and live (p < ,000). 

There was a significant difference in AVE between grades three and four, four and five, 

five and six, and four and six. There was a significant difference in d~stance between 

grades three and four, four and five, five and six, four and six, three and six, and three 

and five. All grades had p-values of <.000 except grades four and five with a p-value of 

,035. Gender was not an independent variable of interest, but similar studies with this 

population have shown no significant differences. 

Table 2. Heart rates and distance results for Self paced walking and Geocaching for 

grades 3 through 6 

Grade 
3 4 5 6 

AVE HR 

Sell'paced wallcing 148.5 -c 8.15 109.95 +- 10.76 109.95 %63.69 145.08 & 10.3 
Geocaching 147.45 -c 10.49 114.04 +- 59.2 135.38 c 5.53 144.64 +- 12.56 
MAX HR 
ScKpaccd walking 201.38 & 23.85 146.77 -c 21.51 146.77 c 78.77 197.08 * 26.47 
Geocaching 184.27 *7.32 149.18 & 76.18 172.05 2 21.36 203.62 -c 16.71 
HRR 
Selfpaced wallcing 109.08 * 24.37 89.37 -c 38.6 89.37 2 37.16 118.62 & 34.98 
Gcocaching 93.91 -c 10.9 89.36 c 39.29 101.0 & 42.57 125.15 * 34.96 
DIST 
Selfpaced w a h g  1.41 + .O 1.15 a .O 1.15 -t .75 1.90 2 .O 
Geocach~ng 1.0 c .14 .92 & .56 .99 * .14 1.25 -t .14 



/ a Self Paced Wall 

'1 Geocaching 

Grade 5 

Figure 1. Distance in miles for trial 1 and trial 2 for grades 3 through 6 

165'00 1 .Self Paced Walking 

3 4 5 6 

Grade 

Figure 2. Average heart rates of trial 1 and trial 2 for grades 3 through 6 



DISCUSSION 

The results from this study showed there was no statistically significant difference 

in heart rate between self paced waking and geocaching. According to a calculation, 

220-age, maximum heart rate can be found for adults (CDC, 2010). Children have a 

lower stroke volume, smaller hearts and higher heart rates than adults. Using 200-age for 

children is more appropriate for this study (Akdur, 2009). When the heart rate data from 

trail 1 and trial 2 were compared with 200-age data at 60%, 70% and 80%, the heart rate 

from the trials was between 70% and 80% of their heart rates. When exercising, children 

should have a heart rate of approximately 130 bpm according to weg011ealth.com. 

Maintaining 60% to 70% of max HR while being active is considered moderate to 

vigorous physical activity. The students completing the trials had their heart rate closer 

to 80% of their max HR. 

Self paced 
walking 

Age (years) 

Figure 3. Average heart rates for self paced walking and geocaching compared with 200- 

age at 80% of Max HR for ages 8 through 12 



A study was recently completed on the cardiovascular response to exercise in 

healthy Turkish Children. This study was to determine normal physiological values for 

Turlush children. Two hundred eighty four children were used for this study (Akdur, 

2009). The dependent variables were change in heart rate and blood pressure. There was 

a direct correlation with age. Bruce protocols were used as a stress test on a treadmill to 

evaluate the dependent variables. Bruce protocols consists of increasing speed and grade 

at specific time intervals (Washington et al., 1994). The goal is for the participant to stay 

on the treadmill for as long as they can. All of the participants were examined and 

determined to be healthy before partic~paling in the study. The mean HR for this study in 

participants ages 5-16 was 180 & 101min (Akdur, 2009). Comparatively, the means of 

each study (current and Akdur) are similar. The subjects in the current study were not 

under stress causing a lower heart rate. 

Research on children undergoing walking tests show there is a leveling or plateau 

effect once the subjects reach a certain point (Brage, 2003). The current research was self 

paced and paralleled with previous findings when subjects were self paced walking. 

There was no plateau effect when geocaching. Soren Brage (2003) used accelerometers 

and heart rate monitors on 14 subjects, male and female, ages 9-1 1 to predict activity 

level. The subjects were asked to walk and run at different speeds on an outdoor track 

(Brage, 2003). Brage (2003) tried to create a similar walking and running environment 

the students would experience for a physical education class. 

According to Astrid Larnmers et al. (2008), plateau effects were found in a study 

conducted to Iind "Normal values for children of 4-1 1 years of age"(Lam1ners et al., 

2008). Using a 30-50111 distance, 328 subjects, male and female, underwent a six minute 



walking test. The subjects were asked to walk up and down at their own pace without 

running or racing. During the test, the subjects were not given any feedback about their 

perlormance (Lammers et al., 2008). The mean heart rate of 136 + 12 concluded a sub 

maximal erfort level. Contrary to Larnmers el al.,(2008) trial 1 participants were closer to 

a m a x i m ~ ~ m  effort level while walking with a max HR of 195 ? 24. Lammers et al. (2008) 

fou~ld there was an increase for the first three millutes than a platueau for the remaining 

three minutes. 

A study from Stratton found when subjects achieved a heart rate greater than 150 

bpm for 50% of the time, subjects were able to reach a point to improve cardio 

respiratory fitness in a physical education class. The activities lead to heart rates greater 

than 150 bpm (Stratton, 1997). Most of the activities students engage in during physical 

education are over 150 bpm for 50% of the time. According to Figure 3., the activities 

completed while geocaching also have heart rates of over 150 bpm for over 50% of the 

time. 

In a recent study completed with GPS tracking, average heart rate was observed. 

Thirty nine students ages 5-10 were observed while at play during a lunch period. The 

mean heart rate at play was 141 a 17 bpm. GPS units were found to accurately measure 

the movement and physical activity of students while at play (Duncan et al., 2009). 

The mean HR in grade 4 during a soccer unit in a study completed in 2004 was 140.6 + 

9.25. The mean HR for a third grade class while playing softball was 135.72 + 14.27, and 

gymnastics of 140.69 + 13.65. The mean IHR for a fifth grade class playing volleyball 

was 141.50 + 11.30, bowling 135.31 + 9.54, and elementary games 158.08 a 14.50. The 

mean heart rate for the current study was 150.11 + 12.25 (Duncan et al., 2009). 



be encouraged to participate in 60 minutes of physical activ~ty every day. Since physical 

activity requirements are not being met dunng physical education classes, geocaching 

will be a11 avenue to help students reach their recommended amount. If students can 

achieve the recommended amount of physical activity in their childhood, they will 

continue to stay actlve in their adulthood. We need to lceep our youth involved in physical 

activity to help create skilled, successful, and healthy movers. Geocaching is a11 avenue to 

their 60 minutes 01 daily physical activity. 

- 

The heart rates from the current study parallel research conducted on younger 

populatio~ls heart rates. Although there was no difference found between self paced 

walking and geocaching theses activities have similar exercise demands. Comparable 

heart rate data found in other studies, geocaching can be classified in the same category 

with similar exercise and heart rate demands. 

Geocaching introduced in physical education could have a direct impact on the 

amount of physical activity students receive outside of school. Heart rates from the 

current study are greater than heart rate data from unlts ta~ight in physical education. 

Geocaching is a fun way to be physically active. It can help students meet their physical 

activity requirements and expose them to a fun, new outdoor activity. Each child should 
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APPENDIX A 

REVIEW OF LITERATURE 



INTRODUCTION 

Being active is a way of life. We gtrive for future generations to be healthy and 

live long fruitful lives; we teach and introduce what it takes. We are role models. We 

show and tell students what they do is going to affect them later in life. Good habits 

learned early will make a difference for students later in life. Educators have a huge 

impact on students. For the first 18 years of their life, educators are with them for more 

than half of it. Physical educators have the biggest impact on activity. Physical educators 

are able to introduce new and different activities to students. Physical educators watch 

students grow and flourish. Physical educators help students learn about their bod~es. 

Physical educators challenge students and help them to evolve into respectable and 

skillful movers. Physical educators praise students and encourage them. If physical 

educators are able to maintain this level of enthusiasm and teach National Standards, our 

future generations will become more fit. If physical educators keep up with new outdoor 

pursuits like geocaching and use technology such as heart rate monitors for assessments, 

our students will constantly be exposed to many new options. Student will gain many 

benefits from various outdoor pursuits in warm or cold weather, using heart rate 

monitors. Students will gain benefits from using a new piece 01 technology since times 

are changing so rapidly. Students will gain benefits from walking and being active in 

different ways. 

Geocacbing was created in 2000 (Geocaching, 2010). There are more and more 

people becoming ~nvolved dally. People are looking for new ways to get outside and 



move, in the snow or warm weather. There are new inventions like family friendly GPS 

that are easy to use. Some GPS may be complex at times. People set up caches all over 

the world. To date there are 955,654 active geocaches around the world (Geocaching, 

2010). Not only will this new invention help the entire family get outdoors, it lets 

children have a sense of independence since this new style GPS is very child friendly. 

There has been an increase in the number of people participating in geocaching, 

few studies have been conducted on the physiological effects of the participants. 

Research has been conducted on adults and college students, but information is lacking 

on the physiological effects of elementary aged children. There has been an increase in 

the amount of research done on geocaching recently. Research has been conducted on 

how to incorporate geocaching into the curriculum and into physical education. The 

findings from some physiological studies have proven to have positive results 

physiologically (Stratton, 2008). Using heart rate monitors to measure physiological 

effects while geocaching with elementary students aims to have the same results. 

Measuring these effects will help future studies and the interested population including 

parents and educators. 

The Iollowing will be a review of various articles and research regarding physical 

education requirements for elementary students, the use of heart rate monitors, the 

physiological effects of the cold, the importance of incorporating adventure educat~on 

and geocaching in the curriculum, and geocaching using a GPS. 



Physical Activity Requirements For Elementary Students 

Moderate physical activities like running, swimming, and cycling may become 

redundant lo children (Unites States Department of Agriculture, 2009). I11 order to help 

our youth and children stay fit, we introduce new and innovative ways to help students 

move more often. According to the National Conference of State legislatures (NCSL, 

2010), they suggest students should receive physical instruction at the elementary level of 

150 minutes per week. Most students receive 60 to 90 minutes per week. NASPE 

guidelines recommends students should receive 60 minutes of appropriate physical 

activity on most days of the week (NASPE, 2010). There are many added benefits of 

physical activity according to NCSL including improving academic performance, 

reducing health risks, maintaining a healthy body, and will decrease the risk of low states 

of mind. When children are participating in physical activity and having fun, there are 

also intrinsic rewards helping the student to be more physically active. 

"Within the school day, physical education lessons and playtime represent the two 

main contexts in which children have the opportunity to be physically active" (Slratton, 

2000). Studies have shown connections to physical activity and cognitive development. 

Physical aclivity is not only allowing students to stay healthy, but also brain slimulaiion 

for better learning. Age appropriate activities should be included in helping children get 

their 60 minutes of physical activity each day (CDC, 2010). Regular physical activity will 

also help children to maintain a healthy body fat (United States Deparlment of Health and 

Human Services, 2008). 

Research on children ages 9 - 13 through survey was completed by Dr. Duke, 

Huhman, and Heitzler in 2003, of Maryland stating the new goals for children 01 this age. 



The goals describe increasing physical activity, promoting healthy lifestyles, and to 

provide a baseline measurement of physical activity for cli~ldren of this age. 4,500 dyads 

were surveyed in 3,600 households discussing physical activity levels for children ages 9- 

13 (Dulte et al., 2003). Tlie results are as follows: "61.5% of children aged 9-13 years do 

not participate in any organized physical activity during their no~ischool hours and that 

22.6% do not engage in any free time physical activity." "Fewer children aged 9-13 years 

repolteed involveinent in organized sports (38.5%) than in free-time physical activily 

(77.4%) during the 7 days preceding the surveyM(Duke et a]., 2003). Basltetball, a 

combination of baseball aiid soft ball, and soccer were the three sports most commonly 

play found from the survey. Other activities reported were walking, bicycling, playing 

lootball, running, and dancing. This survey found that even though there was a great 

amount of physical activity done by these children, the time spent is not enough. 

I Physical activity in children is declining. Tlie fiope for the researchers and many 

I educators is "active children will becolnc active adults." 

I When pasenls were aslted in the survey ways their children are hindered when it 

comes to physical activity, parent said there was a lack of oppot.tunities to participate in 

physical activity in the area. Parents with lower i~icorne and lower education level 

reported more items hindering ihcir child from physical activity (Duke et al., 2003). This 

study was the first to be a study representing level and types of physical activity at a 

national level in children ages 9-1 3 (Dulte et a]., 2003). 

Some research finds boys are more active than girls. There is other debatable 

research falsifying or stating the opposite. It is true as shown in the graph below as age 

increases, activity level decreases. Children ages 9-11 are active almost 90% of the tiine. 



At age 15, the amount of time spent being active was decreased by almost 60%. 

Children's lifestyles are becoming more sedentary. New technology has helped people 

malce things easier when getting physical activity. There is also technology helping 

children to become more active. Helping children make the best choice is something 

researchers should try to achieve. 

Three hundred, seventy five out of an attempted 3,648 boys and girls were 

subjects in a study regarding age and gender in physical activity. The students were in 

grades 1 -12. In this study the researchers were looking at physical activity and the time 

each student spent in moderate to vigorous physical activity comparing boys to girls and 

their age. The researchers looked at physical activity objectively (Trost et al., 2002). The 

information was collected by survey and activity monitors also called accelerometers. 

Surveys were sent home along with assent forms for the parents. Activity monitors were 

used to assess physical activity. Students were asked to wear the activity monitor for a 

total of 7 days for all hours students were awalte. The students were also asked to record 

when they did not wear the monitor.. Data was collected by minute by minute activity 

counts (Trost et al., 2002). 

Figure 4. Non transformed Figure 5. Non transformed 
means ? SD for daily MVPA by means t SD for daily VPA by 
gender and grade level (Trost et gender and grade level (Trost et 
al., 2002) al., 2002) 



After collecting and analyzing the data, the results are presented above. Grades 1- 

3 had the highest amount of physical activity. Grades 10-12 had the lowest ainount of 

physical activity. Boys were more active than girls in all grades. Drastic differences in 

gender for vigorous physical activity were present. Boys in all grades were more involved 

in vigorous physical activity than girls (Trost et al., 2002). Looking at moderate to 

vigorous physical activity, there was only a slight difference between boys and girls. 

There is direct correlation wit11 age aiid activity level in this study. As age increases, 

activity level decreases. Objectively looking at activity levels for a life span, the same 

results are found. When activity is in abundance, activity level will be kept constant 

through a lifespan. 

According to an article by Neil Armstrong (1998), physical activity levels in 

young people are hard to measure. Using a tool like a heart rate monitor can provide 

valuable insight on this estranged topic. Heart rate monitoring can provide physical 

activity patterns, levels of intensity of an activity, also duration and frequency of the 

activity. A purpose of heart rate monitoring can provide an estimation of moderate to 

vigorous physical activity over several days. Clearly stated, young boys are more active 

than girls. Once young people move to adolescents and into their adult life, activity levels 

decrease. Some people remain active as they grow older but the majority of people 

develop sedentary lifestyles according to Armstrong (1998). 

Much evidence completed by many researchers tells proIessionals in physical 

education there needs to be inore physical activity for our students. We have studied and 

examined their behaviors and now need to help the student to be more active. 



The Use Of Heart Rate Monitors With Elementary Students 

"The most important co~ltributio~l of activity monitors to ep~demiology is their 

ability to measure routine, moderate activities such as wallting" (Janz, 2006). 

Assessing students through heart rate inonitor technology 1s "a noninvasive method that 

provides time stamped measures of duration of movement, frequency of bouts of 

movemnent, and some marker of movement intensity such as heart rate" (Janz, 2006) 

"The technique of monitoring children's heart rates in field conditions emerged in the 

early 1970s (Bradfield et al., 1971)." Using activity monitors, including heart rate 

monitors, has increased tremendously over the last decade narrowing and filling in the 

gaps of young people's activity assessments (Janz, 2006). Heart rate moiiitors are helping 

many researchers answer unknown questions about physical activity and health. In 2004 

and 2005 the number of articles found with words lilte "physical activity" and "heart rate 

monitoring" through Web of Science was over 300. In 1994 and 1995 it was 30 (Janz, 

2006). An increase in the use of heart rate monitors maybe linked with demonstration 

success and a decrease in cost. 

Activity monitor diffusion has been supported by several International 
conferences with published proceedings including the 1999 Measurement of 
Physical Activity Conference at the Cooper Institute in Dallas, Texas, the 2004 
Objective Measurement 01 Physical Activity: Closing the Gaps 111 the Science of 
Accelerometry Scientific Meeting at the University of North Carolina, and the 
2005 Wallting [or Health: Measurement and Research Issues and Challenges at 
the University of Illiiiois (Janz, 2006). 

Heart rate monitoring in young people was started in the early 1970's. Early 

researchers studied the relationship between heart and oxygen uptake to measure energy 

expenditure. When heart rate was first experimented with, subjects were taken to a lab 

where testing was conducted. This was a poor estimation of energy expenditure because 



it was in a controlled setting. The subjects were not doing what they normally ach~eve in 

a day. Also, software for some heart rate monitors has inputted information that can 

correspond with adults but will not work for young people. 

It is recommended that monitoring the students should not be a burden. 

Monitoring the students should not h~nder them in any way. A minimum mon~toring of 

three times should take place over a period of time for accurate results. "Continuous heart 

rate monitoring has been tested extensively and found to be both reliable and valid with 

young people" (Armstrong, 1998). The data on young people's heart rate is rare because 

the data is difficult to collect and interpret. The more research done on young people's 

heart rates, more ways will be found on how to take measurements more accurately and 

how to interpret data clearly. Recently there has been between 70 and 75% success rate 

when monitoring subjects between the ages of five and seven. According to research 

done with students ages 5-16, girls showed lower heart rate results than the boys showed. 

Only by the use of heart rate monitoring was this statistic able to be found (Armstrong, 

1998). 

In a whole day st~tdy completed by Kathleen Janz in 1992,76 children between 

the ages of 6 -17 were randomly selected from a public school to participate. The students 

wore heart rate monitors aiid completed questionnaires for the study. Other physiological 

factors were considered for this study like VOz, body fat analysis using skin fold caliper, 

aiid maturation. The object of monitoring students for an entire day was to try to measure 

physical activity 01 children. Some students were not able to wear the monitors for more 

than eight hours. According to the analysis by Janz (1992), there was no difference in 

results compared to the students who wore the monitors the entire time (Janz, 1992). 



This study was conducted in the confines of the student's ow11 home. 11 stude~its 

were asked to wear the monitors for a pilot study to collect baseline data (Janz, 1992). 

Subjects were made aware of what was being asked of them by signing an asselit form. 

Older styles of heart rate monitors required electrodes to be placed on t l ~ e  subject's chest 

with a transmitter worn around the waist. Subjects were asked to wear the heart rate 

monitor in their own home for approximately 12 hours from 8 AM to 8 PM. The subjects 

were aslted to go about their day without doing anything exceptional like birthday parties 

or other celebrations. Subjects were limited to showering and swimming for the day. 

Date was collected at the end of the 12 hours and downloaded onto a personal 

computer. Heart rate minus baseline heart rate divided by the number of minutes 

monitored served as the measure of total physical activity (Janz, 1992). Heart rate data 

also helped aid in concluding aerobic activity defined as being time spent above the 

aerobic training intensity. The results were in correspondence with the questionnaires 

subject completed by the subjects before and after the study. Results were separated 

between male and female because of the significant differences. 

Results showed peak V 0 2  was correlated with activity in females but not males. 

Subjects with little body fat had high cardio respiratory fitness levels. Different levels 01 

maturation show a significant difference in activity level. Children who are active most of 

the tlme are involved in more strenuous physical activity. The percentage of body fat was 

inversely related to activity. Subjects who were post pubescent and pubescent had lower 

activity levels than prepubescent subjects. 

Heart rate ino~iitors are typically used to monitor the i~ite~isily of an activity 

according to Achten et al., (2003). Heart rate monitors are becoming a very popular piece 



of technology in sports and activities. The International Technology Education 

Association states students should have the opportui1lty to understand technology can 

help promote good health m grades 1~-2 (Standard for Technological Literacy, 2007). 

"Medical technologies, from vaccines to magnetic resonance imaging, allow people to 

live longer, healthier lives. Furthermore, technology is evolvmg at an extraordinary rate 

with new technologies being created and existing technologies being improved and 

extended" (STL, 2007). Students need to understand what technology can do for them. 

Elementary age students need to be aware of how thelr body can work with technology. 

Elementary age students need to be able to differentiate from what is manmade and what 

is from nature. 

When students are able to understand the benefits of technology, they will be able 

to identify what technology they can use for themselves. Students will be able to identlfy 

a computer as being technology and also a heart rate momtor. "Tools such as 

thermometers, blood pressure machines, and heart monitors help determine if people are 

well and provide other health cluesn(STL, 2007). Students in grades three through five 

should be able to recognize technologiea helping researcher's study the human body 

(STL, 2007). They w ~ l l  be able to know what technologies have been able to help us. 

When introducing technology to students, we need to make them aware of the benefits of 

the technology we are presenting them with. Students need to be able to see how they are 

living in a world with technology all around them (STL, 2007). 

In a study by Duncan, Badland, and Schofield (2009), physical activity tracking 

was used with a new style integrated GPS and heart rate monitor in subjects during free, 

play. The objective of this study was to use this new piece of technology to measure 



energy expenditure for children's movement (Duncan el al. 2009). During 50 min of free 

play, subjects displays short burst of high speeds and longer bursts of low speeds. No 

gender differences were found in movement between subjects (Duncan et al. 2009) 

When using heart rate monitors with elementary students, if nothing were 

explained about the monitors, the students will not be as willing to use them. If we make 

the students aware of the benefits of heart rate monitors, they will be able to understand 

why they are using them and what personal advantage a heart rate monitor can have 

Many devices are used to help physiologists study physical activity and exercise on the 

human body. There are many technological advances that have made this research easier 

in the past few years. Incorporating heart rate monitors into physical education is like 

developing a new way to measure body fat. New ideas and innovations are being created 

all the time. Incorporating heart rate monitors will help benefit the student while 

participating in physical activity. 

For instance, when students in a physical education class are discussing 
ergonomics (the study of the body as it relates to design), they could build on 
experiences by apply~ng ergonomic principles in their technology laboratory- 
classroom. They could then relate information learned in their physical education 
class about stresses applied to the body, comb~ned with knowledge from science 
and matl~ematics dealing with the forces of motion, to design a model of an 
amusement park ride or Iunctional Iurnilure (STL, 2007). 

Studies have been conducted using HRMs to see if HRM feedback will motivate 

students during physical activity in children. Researchers McManus et al. 2008, predicted 

positive behavior change with HRM feedback. McManus et al. completed a research 

study at various government primary scl~ools in Hong Kong. The student's ages ranged 

from 9 to 11 years of age. All of the subjects were in grades 4 and 5. The researchers 

created a unit into the curriculum using HRM and HRM feedback to the students. The 
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students progress was tracked over a period of six mnonths. There were three different 

groups. Some students were glven Ieedback in a group setting in their educational 

program (EG). Some students were given HRM feedback in isolation without an 

educational program (NEG), and the last group of students was the control group (CG). 

When using the Flex heart as a baseline of the highest resting heart rates in the 

supine and standing positions and the lowest exercise heart rate averages together. The 

researchers found no interaction of time with heart rate to be over the Flex heart rate in 

this study. The group with feedback spent more time above the Flex heart rate. The 

interesting finding of this research was shortly after the study was conducted the subjects 

were more likely to be active and active in the moderate to vigorous physical activity 

level. 

Many school physical educators are beginning to use heart rate monitors more 

often in their lessons. This is also acting as a motivator for students to come to class. At a 

school in North Dakota, students are using heart rate inonitors in classes often. They are 

berng rewarded for the time they are able to slay in their target hear rate zone according 

to their personal setting. The students are provlded w ~ t h  immediate results. They are able 

to track the~r progress with tactile ways and see what their body is doing. Students are 

able to set goals and meawre progress for themselves (Royal, 2008). 

The Physiological Effects Of The Cold 

When the data Ior this research was conducted, the subjects were outside in the 

Midwest in the rnonth of January 2010. Due to being cold in January, physiological 

eIIects are examined during exercise. In a study done by Roy Shephard at the University 

of Toronto, metabolic adaptations to exercise in the cold were examined. According to 



Shephard (1993), when exercising, iC the participant is not well insulated by clothing, 

such as jacket and snow pants, the body temperature will increase when exercising. 

W h ~ l e  enduring activities in the cold, more energy is often required. Some of the 

demands while enduring physical activity in the cold are also different. If walking is done 

indoors or in the spring, normal energy is used. If walking on the beach in the sand, heat 

is a factor and also the sand will make the participant expend more energy. It is harder to 

walk through sand than to walk on a hard surface. If a participant is walking through 

snow, much like sand, the participant will expend more energy. Also if a participant is 

undergoing physical activity in the snow and is dressed appropriately, boots, snow pants, 

and jackets will add weight to the participant while moving. When a participant is doing 

physical activity in the cold, skin temperature is lower (Shephard, 1993). 

If the participant is wearing many pieces of clothing, the subject may overheat. 

Whether the subject has sufficient or insufficient clothing on, body temperature and the 

ability to maintain homeostasis depends on the physical fitness of the individual. In 

extreme windy and cold conditions, regardless of clothing, participants may lose heat 

more quicltly. While undergoing vigorous physical activity in the cold, heat loss will also 

occur because the thiu layer of air between the skin and the clothiug is diminished 

(Shephard, 1993). Shephard (1993) looked at participants with lower Citness levels and 

their percentage to be victims of the cold. Participants with lower fitness levels move 

slowly causing them to spel~d a greater amount of time in the cold causing the cold to 

have a greater effect on their body. If we can introduce fituess through the cold and other 

activities while beiug monitored, we might hope to decrease the amount of victims of the 

cold in the f~lture. 



Research conducted by Thomas Doubt in 1991 suggests an increase in the number 

of recreation and job requirements in the outdoors. A survey validating this statement 

done in 2008 shows this statement is true almost 19 years later. 

Figure 6. Millions of people who participate in the outdoors and billions of day for years 
2000-2007 (Doubt, 1991) 

Increased participation in the outdoors has led to more participants in the outdoors 

in the cold. As stated by Doubt (1991), "heart rate is often, but not always lower during 

exercise in the cold." A study with males exposed to 5°C air and 22°C had lower heart 

rates when exposed to 22°C air temperatures. Another study Doubt (1991) looked at 

showed there was no difference in heart rate between warm and cold air exposures. As 

mentioned previously by Shephard (1993), heart rate greatly depends on the physical 

fitness of the participant. In more research, Doubt (1991) continues to explain " cardiac 

responsiveness to increases in worltload is largely unaffected by the cold exposures 

where hypothermia is absent." This statement implies there is little to no difference in 

heart rate when exercise is done in the cold. 

According to Bareket Falk (1998) in a research article examining pediatrics in 

dilferent environments, the difference between children and adults is the ainouilt of 



surface area children have. Children have almost twice the ratio of body mass to surface 

area when compared to adults talcen from the Pennsylvania institute for children's 

environmental health (2010) website. Falk states "the main physiological difference 

between children and adults is in the sweating mechanism, affecting their 

thernloregulation in the heat, but not in the cold" (Falk, 1998). This statement implies 

other than beiug affected by heat, children are not affected by cold in any other way than 

adults are. Children may have an advantage over adults in the cold because of an increase 

in heat production from physical activity. There has beell little research looldng at how 

the cold affects children. Falk (1998) completed inany studies done on pediatrics and the 

heat, not as much on the cold. 

Tlme of acclimation (days) 

Figure 7. Physiological adaptations during the course of heat acclimation among 8 to 10 
year old boys and 20-23 year old me11 (Falk, 1998) 



Benefits And Implementation Of Outdoor Adventure Education Programs 

Incorporating adventure education into the classroom has many benefits. Students 

will be able to benefit as well as teachers. There are many reasons why adventure 

education could benefit both the teacher and the students. Students will be able to receive 

real life experiences. When students move to the outdoors, it helps the students to create a 

sense of value and a positive attitude, sensory experience, kinesthetic learning will be 

achieved and classroom based learning. The number of people who participate in outdoor 

pursuits is increasing. keeping up with the changing world will be a benefit to the future 

adults. When there is an influence or abundance in something, students and teachers may 

take an active role to stay current with reforms 

Some schools are beginning to expand and create eco systems and other non 

formal classrooms outside of the school building (Layton, 2001). Expanding the learnlng 

area gives another opportunity for students to learn. This could also be a place where a 

cache for geocaching could be set up. Teachers thinking outside of the box will give their 

students opportunity to learn in different environments (Layton, 2001). There are many 

subjects students call be taught in the classroom or in the outdoors. Expanding the 

boundaries and going beyond the four walls of a gylnnasium will help students to think 

about real life experiences (Lakin, 2006). When students are outside playing in the snow 

while not in school, they might recall going outdoors in class to loolc at how the icicles 

form on the edge of the building and why they form. When the students are taken outside 

the gymnasium and the students have an opportunity to engage their minds elsewhere, 

students can become more crcative. They will be able to ask and formulate more 



questions and use their imagination. This can promote positive changes in attitude, values 

and beliefs that are reflected in behavior and action according to Lakin (2006). 

Students will be able to receive the benefit of kinesthetic learning when taken into 

the outdoors. Being a kinesthetic learner will help the students in physical education. 

Being able to move and interact with the outdoors will help students translate their 

movements back to the gymnasium (Laltin, 2006). 

Teachers from all over the country are implementing and using geocaching in the 

classroom incorporating elementary, middle and high school students. They have been 

able to relate it to many other disciplines like fitness. The students have worn pedometers 

while geocaching and measured their distance traveled (Kremer, 2007). They also maybe 

involved in other activities like running races and a race to get to a certain amount of 

caches. Some teachers are teaching their students about geocaching in three lessons and 

other teachers are teaching their students about geocaching for over 2 weeks (Kremer, 

2007). Teachers are finding the benefits of geocaching and are implementing geocaching 

into their curriculuin for added benefits to the students. There 1s integration of many 

disciplines by adding geocaching into a physical education curriculum. Teachers were 

able to see a surge in higher order thinking skill according to Wynn Smith when 

geocaching and outdoor learning was incorporated (Smith, 2005). 

Heart Rates and Physiological Effects on Various Groups 

Many studies have been done measuring heart rate while participating in outdoor 

pursuits. Some of the pursuits tested include rock climbing, ropes course, parachutists, 

exercising, rappelling, and kayaking. All of these outdoor pursuits measured 

physiological effects while the participants completed the designated tasks. Many of the 



results from the studies showed a positive effect on physiological aspects during the 

outdoor pursuits. 

In a study done with elementary school boys at a school in the Midwest, students 

were asked to use a heart rate monitors while using a bouldering wall. The researcher, 

Matthew Fencl, used 32 fourth and fifth grade elementary boys on a bouldering wall to 

measure physiological responses during two different bouldering activities. Fencl (2008) 

used two stations to designate the different bouldering activities. The first bouldering 

activity Fencl(2008) used was a traditional bouldering wall with no instruction. The 

other activity was a structured bouldering game involving students using less hand and 

foot holds than the time previous. This created a more challenging traverse. All stations at 

each activity were timed. During all stations students wore a heart rate monitor and 

recorded their heart rates at certain stations. 

Mean active heart rate and resting heart rate was compared between the 

bouldering game and the unstructured traverse. Significant heart rate differences were 

found in the unstructured traverse activity between resting heart rate and active heart rate. 

This was also true for the bouldering game. Although no significant differences were 

found between the two activities, significant differences were found between the resting 

and act~ve heart rate for both activities legitimizing bouldering as a physical activity and 

meeting NASPE standards (Fencl, 2008). Similar results were found in a study conducted 

by Jennifer Muras (2008) wheu using females instead of males. 

There is limited physiological research on healthy young populations. Research is 

often conducted with younger populations in the medical field. These subjects may not be 

healthy or have a terminal condition. Research conducted by Adkur (2009) used healthy 



Turkish c111ldren to find healthy values for cardio vascular response to exercise. Using the 

Bruce Protocols, subjects were tested on a treadmill (Washington et al. 1994). Since this 

study, the researcher has been able to use the~r  finding to mark progress of Turldsh 

children's response to exercise (Adlcur, 2009). Lammers et al. (2008) conducted a study 

using heart rate monitors to find normal values for a younger population. Lammer et al. 

used a six minute wallcing test to find his results. This walking test is "used routinely to 

assess patients with cardiovascular or pulmonary disease" (Lammers et al. 2008). Uslng 

328 healthy subjects, Lammers et al, found there was a plateat1 effect after the first three 

minutes of walking at a constant interrupted pace. The heart rate increased for the first 

three minutes and remained constant. Similarly, Brage et al. (2003) found a plateau 

effect when he used a walking test with subjects ages 9-11. 

When Brage et al. (2003) conducted thelr research, they tried to make their 

treatments much lilce that of a physical education class. A study conducted on children's 

heart rates was conducted in a physical education class. When rneasurernents are taken in 

a physical education class, results can be compared to see how much energy students are 

exerting in a physical educat~on class and unstructured playtime. Over four years, 

physical activity levels were assessed for 177 subjects. During 66 physical education 

lessons and numerous sports, the researcher was able to collect the data (Stratton, 1997). 

Most of the lessons involved sport related activities and were conducted in their normal 

environment. Only 2-4 students heart rates were assessed each class (Stratton, 1997). The 

results showed that students had increased heart rate more than 50% of the time while in 

class. Subject's heart rates were greater than 150 bpm for more than 50% ol" the t ~ m e  

(Stratton, 1997). 



In a study completed by Phillip Watts et al. (1993) many physiological effects 

were observed during different ltinds of simulated sltiing done by professional skiers. 

This research was conducted to identify exhausted physiological responses while doing 

different movements while skiing at maximal effort (Watts et al., 1993). Six expert cross 

country sluers were asked to do three different movements with sluing; pole striding on 

roller skis, double poling, and diagonal striding on roller skis. The ages of the participants 

were 20.2 +I- 1.3 years, three of which were male and three were female. While 

participants were undergoing the different movements, heart rate, expired air, and blood 

lactate was measured. 

The skiing movements took place on a simulated motorized ski treadmill with a 

tracked belt surface. All the participants completed the three mentioned movements. All 

participants were asked to produce a maximal effort while completing this study. The 

respiratory ratio values found were over 1.00 concluding that all participants were 

working at a maximal effort. All participants were tested for the three above 

physiological effect and results were compared. Data was analyzed by repeated measures 

of variance and Newman-Keuls hoc test according to the study done by Watts et al. 

(1993). 

This study was consistent with other studies conducted on cross country skiers. 

This study concluded certain movements had lower physiological responses and some 

had higher physiological responses. Heart rate and blood lactate showed no difference 

between the movements. Different movements did however have an eflect on expired air. 

Diagonal striding on roller slus had the lowest expired air when compared to the other 

two movements. Heart rate was able to be measured but there were no significant results. 



A study involving handgrip strength while rock climbing was conducted. In the 

study, the researchers were measuring hand grip fatigue from challenging climbs. The 

subject would climb until they became restricted and could not hold on indefinitely 

resulting in falling. Watts, Newbury, and Suleutic (1996), used eleven male expert rock 

climbers. The climbers were between the ages of 24 and 33. The climbers were aslced to 

climb on a pre set competitive course continuously. The climbers were given a chance 

prior to the testing to practice on the course. Watts created the level of difficulty on this 

course to be very high. The expectation of the climber was to climb without falling on 

the first tly (Watts et al., 1996). 

Handgrip strength and handgrip endurance as well as blood lactate was measured 

in this climbing study. Handgrip strength was measured with a dynamometer. Handgrip 

endurance was measured "as the maximum time that a force of 70% handgrip strength 

could he sustained on the dynamometer. Blood lactate was measured with a finger priclc 

blood sample pre test and post test. Little research has been conducted on this level of 

difficult climbing. No other research known has been conducted on blood lactate post 

falling after a difficult climb. 

The results showed there was a significant decrease in hand grip strength aIler the 

climber had fallen of 22 percent. There was also a significaut decrease in handgrip 

endurance after the climber had fallen of 57 percent. Handgrip strength and endurance 

remained lowered after 20 minutes of recovery time (Watts et al., 1996). Blood lactate 

increased almost 5 inmol.1.' and also remained elevated after 20 minutes of recovery. A 

researcher could certainly conclude there was an increase in heart rate during the climb 

even though it was not measured. These fmdings will help Watts et al. (1996) to estimate 



at what percentage a climber will lose handgrip strength and endurance after a 

challenging climb. Based on the findings, it also may allow other researchers to 

categorize difficulty level for future climbs. 

Research on a high ropes course tested six different physiological effects 

including heart rate. 11 male subjects were used in this ropes course study. Subjects had 

to meet specific criteria to be considered for the study. Two different fitness levels were 

tested within the participants. Six subjects were in the high fitness group and five subjects 

were in the low fitness group. The difference between the fitness levels was heart rate. 

During the six collection period, five of the six collection times showed a significant 

difference between the low and high fitness groups (Bunting & Gibbons, 2001). 

The subjects were asked to climb a power pole of 20 ft and jump out for a trapeze 

suspended above the pole at an outdoor ropes course. All subjects were successful 

reaching the trapeze. During the climb and the jump, subjects were connected to a 

dynamic rope belay system for security. Subjects were asked to rest for a short period 

before climbing. Heart rate was measured continuously during the subject's activity. At 

the time heart rate was taken, the heart rate was the beats per minute at that exact 

moment. According to Bunting and Gibbons, the highest heart rate occurred when the 

subjects were standing on top of the pole. Heart rate for both fitness groups increased by 

allnost 300%. There was an extremely significant difference in heart rate between the 

fitness levels but there was no difference in the max heart rate taken between fitness 

levels (Bunting & Gibbons, 2001). 



71 Tmax T2 T9 T4 15 

Time 

Figure 8. Heart rate across time by total group mean and by means of each fitness group 
(Bunting & Gibbons, 2001) 

This research makes physical educators aware of the persons with low fitness 

levels heart rate. People with low fitness levels have different physiological responses to 

different physical activities. When people have a higher fitness level, they will be able to 

handle the lask at a more efficient rate. The more students we can reach through 

technology or activity, the fewer people there will be low fitness levels. 

Geocaching And Using A GPS 

Using a GPS and geocaching has been incorporated into many subject matters 

including Physical Education, Geoscience, Geography, teacher professional development, 

and Earth Science. Geocaching is a relatively new sport introduced in May 2000 

(Geocaching, 2010). Technology was upgraded when 24 satellites were told to process 

new orders. This allowed Global positioning systems (GPS) to increase their accuracy by 

tenfold. Geocaching is a hiding place someone would use to temporarily store items 

around the world (Geocaching, 2010). People young and old participate in this sport. 

4 1 



Geocaching is done in the outdoors. The only equipment necessary is a computer to get 

the coordinates of tlle cache, and a GPS to locate the cache. People call also create their 

own caches. The rest is up to the individual to determine how many caches to find and 

how far they are willing to travel to find each cache. 

In a study conducted at Kent State University and the surrounding area, a college 

professor wanted to implement the use of GPS into the courses she was teaching. When 

GPS was introduced to the class, most of the students had no or little ltnowledge of how 

to use a GPS. After the lesson and activity using GPS, the students did not need any 

further training to find a designated area (Munro-Stasiuk, 2006). When the researcher 

first started teaching the class and implementing use of the GPS, only an explanation 

would be used. Munro-Stasiuk (2006) wanted a more innovative way to relay the 

information to the students and have the students retain the information. Instead of simply 

explaining how the GPS works, she had the students complete a geocaching activity to 

help the students understand technology better. 

Her results found using geocaching to help her students learn about technology 

and geography was a success. The students were able to retain the information and did 

not require further assistance will1 the GPS. Munro-Stasiult (2006) has also used 

geocaching on campus with teachers for proIessional development and teambuilding 

Geocaching can be used to improve fitness Tor all ages. Technology is increasing 

all around us. People of all ages especially younger students will be able to understand 

the GPS system because of the environment they are constantly in (Witloclc & Johnson, 

2008). Studies have shown Bids spend 38 hours using media and technology a week. 



About 5.5 hours per day. If kids were still spending that time using technology in the 

form of a GPS, students would be more physically fit. 

III a11 article by Virginia Bourdeau (2007), she discusses the ways she 

implemented geocachiilg into a 4-H program upon receiving a new GPS. She started by 

learning about the GPS herself. She needed to know she was able to use the techilology 

before teaching about it. Bourdeau (2007) then was able to introduce it to the students the 

same way she learned. She helped the students to navigate through the GPS explaining 

what each page was for. She taught the students how to enter a waypoint and how to find 

the point they entered. Through the years Bourdeau was able to use geocaching to 

incorporate lessons about trees with colorful interactive handouts (Bourdeau, 2007). She 

was able to learn about geocaching herself and become more active and she was also able 

to introduce it to the students at the camp. They all have been introduced to a great new 

way to get outdoors and become more active. 

Geocaching iilvolves MVPA. When geocaching is played, heart rates of the 

participants will increase helping the participants to meet NASPE and governmental 

standards. HR can be measured by using heart rate monitors worn by the participants. 

Geocaching, much like other outdoor pursuits has been found to be a legitimate physical 

activity through inany studies in research. 



Conclusion 

This review of literature discussed many studies involving children and adults 

participating in some kind of physical activity. The aim of this review of literature make 

available the importance of physical activity and geocaching. Many of the studies were 

completed using heart rate monitors, activity monitors, or accelerometers. Some walking 

took place and was considered moderate to vigorous physical activity. While geocaching 

is played, wallung or jogging takes place. The similarities are extraordinary. 

There are many benefits to using heart rate monitors with children of a young age. 

Many studies were able to produce results stating exactly how the hearts in the subjects 

responded to their activity. In all studies examined, heart rate increased in the individual 

activity when it was compared with another heart rate. Using heart rate monitors will 

allow many benefits to the researcher and to the participants. Using heart rate monitors to 

measure physiological effects has a number of benefits for athletes and educators. 

Geocaching is a sport that is new and blossoming. More and more people are 

participating in the sport through all seasons of the year. Children will be able to 

participate in geocaching with no drastic physiological effects rrom the cold or heat. 

Numerous stud~es have shown the kind of benefits gained from lntroduciilg outdoor 

education in the curriculum. Students are able to perform better a11d think more clearly 

when they are moving and active. If we can keep students more active, they will have 

more success. H more research was conducted on ways to improve physical activity like 

this study, the amount 01 physical activity would increase. Participating in geocaching 

will have many lifelong lasting benefits. 
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APPENDIX B 

ASSENT FORM 



Research Assent Form 
University of Wisconsin Lacrosse 

1725 State Street, La Crosse, WI, 54601, USA 

Sophia Minutolo 
TITLE: Geocaching with Elementary students using heart rate monitors. 

Why has your student been asked to take part in this research? Your student is being 
asked to talce part in a research study because they qualify to serve as a subject. Joining 
this study is completely voluntary. For this study, we are aslcing you to allow us to 
analyze your student's heart rate for the duration of the study. 

We have attempted to write this assent form as clearly as possible for your understanding. 
Feel free to ask as many questions as you w ~ s h  about this consent form, the procedures, 
and any informat~on that you do not understand. The researcher will explain all the 
procedures that you will be asked to follow. Children should accumulate at least 60 
minutes of physical activity on most days of the week. Increasing the options for 
students will make it easier for students to obtain t h ~ s  requirement. Additionally, 
increased risk of obesity and other health problems can occur if students are not able to 
be physical active on most days of the week. 

The purpose of this research study is to examine a possible association between heart rate 
and geocaching, to understand if geocaching is a legitimate physical activity. The 
information and samples resulting from this research may help the development of 
curriculum for physical education. 

How many people will be in this study and how long will this study last? About 42 
subjects may be involved in this research study. While this study may span many months, 
your student's participation would be less than two hours, during which consent is 
obtained. 

What will happen to you ifyou agree to takepart in the study? If you decide to take part 
in this study, we will ask your student to use a heart rate monitor and a GPS. Your 
student will be asked to locate certain caches or items like a scavenger hunt using a GPS. 
There may be trials done before the actual testing takes place. 

What are thepossible risks and discomforts of the study? Risks or discomforts 
associated with participation in this study will be minimal. This study is involving 
physical activity so there could be possible fatigue, muscle soreness, shortness of breath, 
and dizziness. If it is cold outside when data collection occurs, the subjects could run the 
rislc of being cold if they do not have the appropriate attire. At any time because we will 
be outside a subject could trip and fall. No immediate harm will come from the heart rate 
monitor or from the GPS. There is a rislc the equipment will fail. All subjects will be 
warned they are not to go near the road and they must keep an appointed instructor with 
them at all times. Researchers will take the steps outlined in this assent form to protect 
your student's persona'l information. 



How will you benefit by being apart of the study? You and your student are unlikely to 
gain any direct benefits from participation in this st~tdy. Test results will not be made 
available to you since the results will be used for research purposes only. Subjects will be 
introduced to a new lifelong activity. They will be introduced to learning about their heart 
and different ways to monitor it. Subjects will become aware of how their body responds 
lo physical activity. This study will provide physical educators lcnowledge of heart rate 
during geocaching. This study will help me to learn a lifelong skill and also how to 
conduct a research study. I1 is hoped that information learned from your taking part in 
this study will benefit you and others. 
If you do not want to take part in the study, are there other choices? You do not have to 
be in this study. There is a low probability another study similar will arise. 

Your student's name will not be given to anyone not associated with the study unless 
required by law. The results of this study may be presented at scientific meetings or in 
scientific publications; however, your student's identity will not be disclosed. 

Does your student have to take part in this study? Being in this study is completely 
voluntary. Refusing to participate or discontinuing participation at any time will involve 
no penalty or loss of benefits to which you are otherwise entitled. If you choose not to 
sign this assent form, your relationship with your phys~cal educator and this institution 
will not change. If your student decides to leave the study, please let the researcher know. 
You are not giving up any legal rights by signing this consent document and taking part 
in this research study. 

Who can you call if you get sick, injured, or want more information about this study? 
For more information about this research study or to report injury or side effects, you 
may contact Dr. Jeff Steffen at UWL 608-785-6535. If you have any questions about 
your rights as a research subject, you may contact the IRB at UWL at irb@uwlax.edu. 



Informed Assent Form 
(Required for Age 1 through 17) 

Child/Adolescent's Understanding: 

Have all your questions regarding how the research study might affect you been 
answered? Yes / No (Circle one) 

If you want to be part of the study, please sign your name. If you do not want to be part 
of the study, then do not sign your name. 
You can say no to being in the study, and you will not be disliked or treated 
differently. 

Child/Adolescent's Signature Date of Signature 

Printed Name of Subject 

Parent's/ Guardian's Understanding: 
Have all your questions about how the research study is going to affect your child and/or 
yourself been answered? (Circle one) Yes No 

I believe my child is fully informed and is willing to participate in this study. 

Parent's Signature Date of Signature 

What does signing this consent form mean? A signature indicates that: 
You and your child have read the above. 
You and your child have freely decided to take part in the research study described 
above. 
The studies general purposes, details 01 involvement and possible rislts and discomforts 
have been explained to you and your child. You and your child will receive a signed copy 
of this consent/authorization form. 

I have discussed this study and the possible risks and benefits of the study with the child, 
and I believe he/she is Iully inlormed and is willing to participate in this study. 

Researcher's Signature Date of Signature 



APPENDIX C 

INFORMED CONSENT 



Protocol Title: Geocaching with Elementary students 
with heart rate monitors. 

Principal Investigator: Sophia Minutolo 
Un~versity of Wisconsin-La Crosse 
1725 State St. La Crosse, WI 54601 

Emergency Contact: Jeff Steffen (608) 785-6535 
University of Wisconsin-La Crosse 
1725 State St. La Crosse, WI 54601 

Purpose and Procedure 
o The purpose of this study is to determine the effect of d~fferent types of geocaching on 
heart rate. 
o My participation w ~ l l  involve approximately two hours warm-up tests, and two hours of 
testing both using heart rate monitors and Global positioning system (GPS). 
o Testing will take place at school during class time. 
o During the first test I will wear a heart rate monitor and watch. During the second test I 
will be wear a heart rate monitor and may be asked to use a GPS. I will use the GPS to 
find caches preset by the researcher. 
o Data taken by the heart rate monitors will be analyzed at the end of testing. 

Potential Risks 
o I understand working with technology, there is a risk of technology failure. 
o There may be slight dizziness, shortness or breath, muscle soreness and fatigue. 
o The risk of serious or life-threatening complications, for healthy individuals, like 
myself, is near zero. 

Rights & Confidentiality 
o My participation is voluntary. 
o I can withdraw from the study at any time for any reason without penalty. 
o The results of this study may be published in scientific literature or presented at 

professional meetings. 
o All inlormation will lcept confidential through the use of number codes. My data will 
not be linked with personally identiliable information. 

Possible benefits (for use if there are any direct benefits to the participant) 
o Subjects will be introduced lo a new lifelong activity. They will be introduced to 
learning about their heart and different ways to monitor it. Subjects will become aware 
of how their body responds to physical activity. This study will provide physical 
educators lcnowledge of heart rate during geo caching. This study will help me to learn a 
lifelong skill and also how to conduct a research study. It is hoped that information 
learned Irom your taking part in this study will benefit you and others. 



Questions regarding study procedures may be directed to Sophia Minutolo(607-434- 
8375), the principal investigator, or the study advisor Dr. Jeff Steffen, Department of 
Exercise and Sport Science, UW-L (608-785-653.5). Quesliolls regarding the protection 
of human subjects may be addressed to the UW-La Crosse Illstitutiollal Review Board for 
the Protection of Human Subjects, (608-785-8124 or irh@uwlax.edu). 

Participant Date 

Researcher Date 



APPENDIX D 

LETTER FROM PRINCIPAL 



'L ST. MARY'S SCHOOL 7r" 
Principal: Tom Reichenbacher 
308 E. South Street, Caledonia, MN 55921 
507-725-3355 stmarysschool@aceeroup.cc 
Fax 507-725-8355 

Researcher: 
Sophia Minutolo 
300 Liberty St. apt#2207 
Lacrosse, WI 54603 

I Tom Reicheilbacher allow researcher and Graduate student of UW-L, Sophia 

Minutolo, to conduct ~esearch at St. Mary's School in Caledonia, Miimesota. I allow the 

students of St. Mary's School to participate upon siglling an infor~ned assent. I have been 

made aware of the procedures that are to take place and give my consenl lo the 

researcher. I have also heen made aware of the benefits and risks involved with thls 

research. I may be reached a1 (507)-725-3355 for ally further questions. 

Sincerely, 

Principal, Tom Reichenbacher 

Researcher, Sophia Minulolo 



APPENDIX E 

LETTERTOPARENTS 



Researcher 
Physical Education Teacher 
Graduate Student of UW-L 

Sophia Minutolo 
300 Liberty St. Apt#2207 
Lacrosse, WI 54603 

Dear Parents of students participating in my research: 

As a UW-L Graduate student, I have decided to conduct a research thesis. Several studies 
have been conducted at no consequence to our students. I have chosen the students in 
grades 3 through 5 of St. Mary's School to partic~pate in my research. For the second trial 
in my research, I am in need of adults to volunteer to be trained in using a GPS and to 
help guide the students to find the caches during geocaching. There have been several 
studies conducted at St. Mary's School at no consequence to our students. 

Geocaching is an activity done in the outdoors using a GPS to locate a "cache" or item at 
a designated location set in a specific area. If you are willing to participate and help the 
students during the trial, you will learn how to use the GPS for the trial and some other 
items specific to the success of the students. 

A coordinated meeting to train the volunteers would need to happen before the trial takes 
place. This is to prepare you to help the students to the best of your ability during the 
trial. I will help yo11 to become an expert at a ample and specific task using technology. 1 
will also inform you of all the risks and benefits associated with the trial much like the 
ones of the students. 

If you have any further question about what you would be doing, please do not hesitate to 
call or e-mail. I will be happy to answer any questions that might arise. I would 
appreciate your help in any way possible. If you are interested in being a volunteer for 
this research please contact me by phone at (607) 434-8375, or by e-mail, 
somin 13 @vahoo.com. 

Thank You for your time and cooperation, 

Sophia Minutolo 
(607) 434-8375 
somin 13 @yahoo.com 



APPENDIX F 

GPS INSTRUCTIONS 



Instructions: 
1. Turn on GPS by pushing the power 

button 

2. Push the menu button twice 

3. Move down to STOPWATCH with 

the toggle button 

(the toggle button moves up, down, 

and side to side) 

4. Push the toggle button to select STOPWATCH 

5. Push toggle button to start stop watch and time 

should begin to run 

6. Push the menu button 

I 7. Move up with toggle button to FIND 

8. Push toggle button to select it 

9. Push toggle button to select WAYPOINTS 

10. Choose waypoint 

11. Push toggle button to select it. 

I 12. Push toggle button to GO TO waypoint 

I 13. Follow the black arrow. 

I 14. When destination is reached push menu button 

twice and go to step 7. 

15. If all waypoints are found, come back to school 

I parking lot 



APPENDIX G 

INSTRUCTORS SHEET 



- Please sign consent form. 

-We will startlstop HRM and GPS together in school 

parlung lot. 

- When whistle is blown, you will have 5 minutes to 

make it back to the school parking lot. 

- Students may not go into the road. 

- Follow waypoint order on blue sheet in plastic bag. 

- Must be moving for GPS to work. 

- Instructor will select next waypoint on GPS. 

- Let students take turns holding GPS. 

-Remove one object from the bucket and replace lid 

00 1 Bench: Small red football 

002 Corner of red fence: ring 

003 Funny looking tree: clothes pin 

004 Manger sign: certificate 

005 2nd to last tree on NE corner: Popsicle stick 

006 Tree in driveway: small cup 

007 Near gym door: yellow flag 



APPENDIX H 

HOW TO USE POLAR HEART RATE MONITORS 



How to use the Polar Heart Rate Monitor: 

1. Up011 arrival each subject will need to affix a Polar heart rate monitor. Tlle heart 

rate monitor consists of three pieces, the transmitter, which communicates with a 

watch worn on the wrist, and the strap securing the transmitter in place. 

2. First the subject adjusts the strap so it fits securely. In some cases pre wrap was 

used to make sure the heart rate monitor is secure. Pieces of elastic cord have 

been used to secure the transmitter in place. Since some of the subjects were very 

small children, getting the heart rate monitor to stay in place to get an accurate 

reading was crucial. 

3. If the students were able to use the strap provided, they first secure one end of the 

strap to the transmitter. 

4. Position the heart rate monitor on the chest below the chest muscles. 

5. Secure the other end of the strap to the transmitter so the transmitter is snug 

around the chest. 

6. Lastly, put on the watch the transmitter com~nu~iicates with. 

7. For this particular model, press the top right hand button on the watch until the 

word "measure" is displayed at the bottom of the watch screen. 

8. Once the word "measure" is displayed, press the red button on the face of the 

watch to activate the transmitting process lo record heart rate. 

If the students are standing too closely together, another heart rate may be 

transmitted to the watch. 
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9. At the sound of the whistle, press the start b ~ ~ t t o n  on the left hand side and the 

chrono timer will begin. 

10. Students were told to forget they are wearing a heart rate monitor so focus on the 

activity could take place. Subjects should not touch any buttons on their watch or 

move the posit~on of their transmitter until the end of the trial when they are 

signaled to press the stop button. 

11. After 40 minutes have passed, students must be signaled to press the stop button 

on the left hand side of the watch. The same button to start the chrono timer. 

Doing so will store the data in the watch to be later downloaded to a computer 

using the Polar software program. 

12. While the heart rate monitor is worn, data is stored in the watch. When the trials 

began, the watches had no data on them. This particular model can hold up to 8 

files of data. The data was downloaded after each trial using the Polar Training 

Advisor program onto a personal computer. 



APPENDIX I 

TRAINING THE INSTRUCTORS 



Training of the Instructors: 

- A date and time to meet was established by the researcher and the instructors. At 

the meeting instructors were taught how to use the GPS and were provided with 

instructional information regarding the study. 

- The instructors and the researcher conducted a short experimental trial involving 

the instructors finding two waypoints. The researcher programmed the waypoints 

in the GPS. Each instructor had to follow the arrows to the specific waypoint. 

- The instructors were to remind the subjects to continue to move while holding the 

GPS. This is important for the GPS to continue to display accurate locations and 

readings. 

- When the GPS flashes "arriving at waypoint," the subject must continue to move 

or the signal will be lost, and the subject may not be moving in the correct 

direction. 

- The instructors will remind subjects to accurately read the arrows on the GPS to 

help tlle subjects move in the correct direction. If the arrows are not pointing in 

the correct direction, the subjects will not be successful in the second trial finding 

the caches. 



- The instructors will monitor handling of the GPS to ensure it is secure and the 

GPS is not dropped or damaged. The subjects will be encouraged to wear the 

lanyard attached to the GPS. 

- The instructors are also responsible for helping subjects stop their heart rate 

monitors when the whistle is blown, and make their way back to the gym in a 

timely fashion. 



APPENDIX J 

OPERATING THE GARMIN eTrex LEGEND H 



How to create a waypoint with the Garmin eTrex Legend H 

1. Make sure the GPS has sufficient batteries. Carry spare batteries in case of failure. 

2. Go to the positioil you want to set the waypoint. 

3. Press and hold the button on the face of the GPS. This button is called the 

ROCKER. Your waypoint has been created. 

4. The screen will show the name of the waypoint. The name can be changed by 

pressing the find button. The find button is the bottom button on the left hand side 

of the GPS. Select waypoints by pressing the ROCKER. Scroll using the 

ROCKER to select the waypoint you choose to edit. Press the ROCKER to select. 

You may edit the waypoint by highlighting an item to edit. 

How to go to a selected waypoint: 

1. Press and hold the find button, the bottom button on the left- hand side. 

2. Select waypoints using the ROCKER button on the face of the GPS. 

3. Select the waypoint you choose to use by using the scroll buttons on the top of the 

left-hand side. 

4. Once the selected waypoint is highlighted, use the ROCKER button to select it. 

5. Press the ROCKER button again when the words in the bottom right hand corner 

of the screen say "Go To." 

6. The screen will say "Arriving at (007)" the name of the waypoint when you are 

approaching the cache and nearing the waypoint set. 
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CERTIFICATE 





APPENDIX L 

THANK YOU TO SCHOOL 



Published in March 2010 School Newsletter 

Dear Midwest School and Community, 

Thank you for all your Lime and efforts to help me complete my data collection for my 

Master's thesis. Geocaching is something new and with your support I was able to be 

successful. It was a lot easier with the help I received from you and the parent's of the 

students. I have completed all my data collection! I am now working on the final stages 

to defend my thesis. It was great to see all the people who were interested in helping. You 

truly made a difference to help me accomplish this project. Thank you so much to all the 

people who invested their time! 

Miss. M 
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TRIAL 1 HEART RATE DATA 
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TRIAL 2 HEART RATE DATA 




