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   Level: Eight


Fitness investigation
Achievement objective(s)
Using informed contextual knowledge

Using exploratory data analysis
Key ideas
At this level, students are expected to use informed contextual knowledge throughout all stages of their statistical investigation. Before they start writing or carrying out a survey, they should research background knowledge about the topic through discussions in class, talking to people, and reading from a wide range of sources. This activity focuses on using exploratory data analysis (EDA) to explore problems that are not defined as clearly as they are for an experiment. By exploring the data the students unlock stories in the data in a quest to learn more about the topic and to learn something new.
Activity with exemplars

	Contextual knowledge

	A discussion in class could start with a current news topic such as the Ministry of Health promoting healthy lifestyles. Students could be guided to think of questions that would be interesting to explore and to think about what words such as “fitness” mean in terms of capturing that notion as measures. 

Example of discussion starter:

The Ministry of Health is concerned about the amount of exercise New Zealanders are doing. (e.g. Push Play campaign, walking buses to school, 10 000 steps a day campaign) and about other related health issues such as obesity, diabetes, and diet. In our society today we have a sedentary lifestyle marked by an increase in computer use for work and recreation, the amount of TV watched, environments based on cars which means people are less likely to walk to their destinations. People are becoming risk adverse and therefore take their children to school in cars rather than allowing them to walk because of perceived safety issues.

The 2005 Census at School survey shows that 40% of students in Years 5 to 10 travel to school by car. Students are becoming less active during their lunch break as they get older (82% of Year 5 students claim they run around, 80% Year 6, 62% Year 7, 55% Year 8, 25% Year 9, 20% Year 10). For percentages who sit during their lunch break see http://www.censusatschool.org.nz/2005/data-viewer/. At school Year 11 students are not required to participate in physical education classes.

Student should ask themselves I wonder questions about this context – these could be a mixture of finding out more about the context or considering how to measure variables: 

I wonder how much exercise Year 13 students are doing? I wonder how fit Year 13 students are? I wonder what ‘fit’ means? I wonder what activity can be called ‘exercise’?
I wonder how I can measure ‘fitness’? Can I use a person’s heart rate to measure their fitness? Does someone’s resting heart rate tell you how fit they are? Do I need to find out something about heart rates and fitness? Are there other factors that affect heart rate (e.g., gender, age, weight, height)? If I want to know how fit someone is, do I have to consider the type of exercise? Are there different types of exercise? E.g., Low (walking/pedometer), medium (power walking), high intensity (jogging). How long should they exercise for?

Students should then go to the internet and other sources and research how heart rates are used to determine fitness levels etc. to enable them to use informed contextual knowledge to decide what variables to measure, what analyses they could do, and what questions they have, in order to design a survey and ultimately to explore the data during the analysis phase.

Example of what information Emma found out about “You and Your Pulse”:

Over the years and during a day people change. Height increases and then decreases from the age of 30 at about 0.06cm per year. When you get up in the morning you are taller than when you go to bed at night. Pulse rates are supposed to be faster for younger animals than for older animals of the same species and for smaller species than for larger ones. Pulse rate data suggests that pulse rate changes with age in people. The average resting pulse rate while seated for women is 75 to 80 beats per minute whereas for girls it is 82 to 89 beats per minute. Men average 72 to 76 beats/min while boys average 80 to 84 beats/min. But we have to be careful in making this inference since the two variables, age and pulse rate, may be affected by a third variable, height. We may find that pulse rates increase with height since a larger person may need blood pumped more quickly than a smaller person since the extremities are further from the heart and source of oxygenated blood. Since height increases with age we could also find that pulse rates increase with age. Which is the prime relationship, or are they both true with some interaction? Usually to find out the third variable is kept constant to see if there is a genuine causal connection. The reason why women and girls have slightly higher pulse rates than men and boys isn’t understood.

During the day your pulse rate will vary. When you wake up in the morning your heart beat will increase by 5 to 10 beats/min. Any activity such as exercise or eating will elevate the pulse rate. For example, both caffeine and nicotine raise heart and pulse rate by as much as 10 beats/min. The pulse rate of a normal person is often quoted as being 72 beats/min. But how reliable is this norm? How much variability is there within normal healthy people? What is the norm for your age group? How does your pulse rate compare with the average of people of your age? 

Are you fit? One measure of fitness is how much your pulse rate changes immediately following exercise. Other measures are: how long it takes for the pulse rate to return to its original rate (the quicker the fitter); and resting heart rate (the lower the fitter). How could you work out a classification system for fitness based on pulse rate? How much does exercise increase the pulse rate? Does the exercise pulse rate depend on the resting rate? Or does the exercise pulse rate depend on the intensity of the exercise? Note that resting pulse rate is subject to variability caused by such variables as body and environmental temperature, anxiety, humidity, degree of hydration and food intake. If these factors are not controlled, the resting pulse rate can be an unreliable estimate of cardio-respiratory fitness. Hence a more reliable measure is the post-exercise heart rate.

Are you ill? When you are ill the doctor takes your temperature and records your pulse rate. One reason for this is that it is generally agreed that the normal body temperature of a healthy person is 37oC and that it rises during most illnesses. If your body temperature exceeds 42oC then you are likely to die. The pulse rate is usually faster during illness and for higher body temperatures. The temperature of a healthy adult may vary by about 1.5oC each day being highest in the evening and lowest in the early morning. Exercise may raise the oral temperature by 1 or 2oC. 

What other variables could affect your pulse rate? What other facts do you know about pulse rate?

Example of further information Emma read in the New Zealand Herald (29 September, 2006)

The New Zealand Herald reported that females with ring fingers longer than their index fingers were significantly better at most sports especially those involving running. These results were published in the British Journal of Sports Medicine. Unlike males, most females have ring fingers that are shorter or the same length as their index fingers. Only a few females have longer ring fingers. The lengths of the fingers were measured from x-rays of hands of 607 female twins aged 25 to 79.



	Problems to explore with data
	After finding out some background information on the topic students can brainstorm in class questions they have about the topic of fitness, and variables related to fitness that should be considered in order to design a survey.

Questions that could be explored in the data:

How fit are Year 13 students? What is the average difference between the resting heart rate (RHR) and the heart rate after exercise?

Is there a difference in fitness between male and female Year 13 students? Are there differences between the distributions of the boys and girls self-perceptions of their fitness level? How many times more likely are boys to rate themselves as fit compared to girls?

What exercises produce the highest percentage increase in heart rate from the resting heart rate? Are there differences in how students’ heart rates return to their resting rates? Are there distinct patterns for different fitness levels? Can I categorise each student’s fitness level based on the heart rate recovery data? Can I categorise each student’s fitness level based on the percentage increase of heart rate from RHR after exercise? How do my categorisations compare to the students’ self-categorisation? Can I model any patterns I see in the data?

Which is more reliable for determining fitness level? Percentage increase of heart rate from RHR or speed of recovery?

Is there a relationship between height and resting heart rate? Is there a relationship between how long you can hold your breath and resting heart rate? Is resting heart rate related to flexibility? Is strength endurance related to resting heart rate? Is there a link between hours slept at night and resting heart rate? Does drinking coffee/caffeine affect your heart rate? Is there a difference between your heart rate when sitting down and standing up?

How does heart rate change over a school day? What are the differences, if any, between resting heart rate and mode of transport to school?

How does the average resting heart rate of Year 13 students compare to the recommended average heart rate for this age group? Do shorter people do more exercise than taller people (i.e. take more steps)? Are people who fidget a lot fitter than people who are more passive? Is there a connection between average time sitting each day and resting pulse rate? Is there a link between lunchtime activity and fitness level?



	Plan
	Students then brainstorm what they will measure in the survey, any sources of variation they should be aware of, practical issues when collecting data in classrooms, and time and resource constraints.

Example of brainstorm on ‘What will I measure’? 

Height (cm)

Length of time that people can hold their breath (average of 5 attempts?) (secs). Looked on the internet and found that you hold your breath after normal breathing.  Sources of variation can occur when people practice beforehand or have been doing, for example, aerobic exercises beforehand. For this reason will only do one attempt.

Resting Heart Rate for 10 seconds. The Ministry of Health website suggests 15secs to find out your heart rate but according to teachers not practical in classroom conditions.

Heart rate after 1 minute of various exercises (e.g., stairs, star jumps, mental gymnastics, running on the spot, standing up/sitting down etc.). Will there be problems with the whole group doing each type of exercise consecutively (carry over effects such as the heart rate not returning to resting rate before starting next type of exercise)? Should the survey be conducted over several days to avoid carry over effect? 

People’s perception of how fit they are? Will I use a scale to rate or categories?

Number of steps taken in one day (using a pedometer). Not practical since pedometers not available.

How long does it take for your heart rate to return to its resting rate after exercise? Recording your heart rate every 10/30/? seconds? Is it possible to measure resting heart rate at the same time every day or hourly/for each period during the day? Probably not a practical question. 

Main way of getting to school e.g. walking, cycling, car, bus etc.

Flexibility (one arm behind head, one arm up back, measure difference between fingertips, could be negative measure if overlap)

Strength endurance (hold medicine ball or chair at arm’s length and measure time can be held (secs), squat at right angles to wall and measure time squat can be held (secs)

Fidget factor (get friend to rate you as a fidget, moderate, passive – what is a fidget – person who moves around while sitting, talks with their hands, taps feet, fingers)

Time spent sitting yesterday (ask for hours (to nearest half) then categorise afterwards)

Example of brainstorm on ‘How will I measure’? ‘Who will measure’?

Students will measure their own heart rates and length of breath held but will be advised of time by a student leader who will use a stopwatch

Height will be measured by one student using a wall gauge and a book in order to obtain consistent measurements and remove the measurer as a potential source of variation.

Example of brainstorm on How will I minimise “dirty” data?
Once Emma has decided on her questions, she will check them on her friends for potential misinterpretation, wording, order and format effects. After that she determines the limits for reasonable answers to her questionnaire. For example, for height she sets the limits between 100 and 230cm to prevent a respondent entering data outside this range.

Example of brainstorm on ‘How will I select a sample of students for the survey’ and ‘Who will I sample’?
How will I get a representative sample of Year 13 students? Randomly select one Year 13 class? Randomly select 50 Year 13 students? Systematically select 35 Year 13 students? What size sample should I take? Will I sample other Year levels?

Finally using the web survey generator available at: http://www.stat.auckland.ac.nz/survey/ Emma produces the following questionnaire:

School Statistics Survey

1. Are you:

    * Please choose ...

    * male

    * female

2. What is your Year level?

    * Please choose ...

    * 9

    * 10

    * 11

    * 12

    * 13

3. What is your age in years?

4. What is your height in centimetres?

5. How would you describe your level of fitness?

    * Please choose ...

    * fit

    * moderately fit

    * unfit

6. What was the main way you travelled to school today?

    * Please choose ...

    * walk

    * motor vehicle

    * bus

    * train

    * bike

    * other

7. To the nearest half hour, how many hours did you sleep last night?

8. What is your resting pulse rate in beats per minute?

9. After doing star jumps for 1 minute what is your pulse rate in beats per minute?

10. 1 minute after exercise, what is your pulse rate in beats per minute?
11. By how many beats per minute did your pulse rate decrease after 1 minute of exercise?

12. For how many seconds can you hold your breath after normal breathing?

13. Put your right arm behind your head and your left hand up your back. Get a friend to measure the distance in centimetres between your fingertips. If you can touch hands then record as a negative measurement.

14. Trace your left hand. Measure the lengths of your index and ring fingers in millimetres. What is the length of your index finger?

15. What is the length of your ring finger?

16. After running up and down stairs for 1 minute what is your pulse rate in beats per minute?

17. Hold a chair at arm's length. For how many seconds can you hold the chair?

18. Squat at right angles to a wall. For how many seconds can you hold this position?



	Data
	The data used in this exemplar was collected from one mid-decile Auckland school over several Maths lessons between 20 September and 24 September. The co-ed school provided data from 80 Year 9 students and 44 Year 10 students. 
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Student Gender Year_le... Age Height_... Fitness...School_...Lunchti...Sleep_h...Resting...Flexibilit...

1
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3

4

5

6

7

8

9

10

11

12

13

14

23Female 9 14 174Moderate...Walk Sat down 9 84

-21

24Female 9 14 162Moderate...Motor ve...Sat down 7 156

-8

25Female 9 13 163Moderate...Walk Sat down 9 90

-7

26Male 9 14 168Unfit Motor ve...Stood ar... 9.5 84

-2

27Male 9 14 175Unfit Motor ve...Stood ar... 9 84

-9

28Male 9 14 167Unfit Motor ve...Sat down 8.5 96

-2

29Male 9 13 164Moderate...Train Walked a... 6 78

-12

30Male 9 13 158Moderate...Bus Walked a... 6.5 78

-1

31Male 9 14 175Moderate...Walk Walked a... 10.5 66

3.5

32Male 9 13 184Fit Train Walked a... 11 54

-1

33Female 9 13 174Moderate...Walk Sat down 8 54

8

34Female 9 14 164Moderate...Bus Sat down 9 84

4.5

35Male 9 13 167Moderate...Walk Stood ar... 7 78

-3

36Female 9 13 157Moderate...Walk Sat down 7.5 84

-14
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84 -21 77 70 109 174 102 72 98 700

156 -8 80 89 41 186 144 42 68 701

90 -7 77 89 63 126 78 48 60 700

84 -2 76 90 78 150 114 36 7 72

84 -9 75 80 40 162 78 84 74 352

96 -2 74 81 25 174 120 54 15 150

78 -12 71 74 63 156 84 72 97 87

78 -1 80 90 40 120 84 36 22 143

66 3.5 85 87 23 168 72 96 49 398

54 -1 83 90 50 144 72 72 64 530

54 8 78 85 67 186 90 96 66 237

84 4.5 80 88 32 216 114 102 104 403

78 -3 76 79 82 150 78 72 117 110

84 -14 72 77 31 192 120 72 53 60


Figure 1. Example of spreadsheet of data collected.



	Analysis
	I decided to explore only the male data since gender may be a confounding or interacting variable. I filtered out the female data. First I will explore, interrogate and observe patterns in the data. The first pattern I observed is that most people had rated themselves as moderately fit (Fig. 1). If I want to explore any possible relationships between fitness level and other variables, this will make it difficult because I don’t have enough data for people who rate themselves as unfit or fit. This suggests that I should be more careful in my data collection, in particular in selecting my sample for the investigation. I should have asked a wide range of people first how they rate themselves in terms of fitness, and then randomly select a good sized sample to represent each of the three fitness levels I want to investigate. I decided to continue to explore the data anyway to inform me about what other factors I might need to consider when I repeat my investigation with more data.
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Figure 1. Reported level of fitness
After a few hours exploring the data I decided that I could develop a fitness formula from which I could classify the students as unfit, moderately fit, or fit. 
Based on my reading I knew that how quickly a person’s pulse rate decreases after exercise was a reasonably good predictor of fitness. The amount a pulse rate decreases over one minute after exercise is called the recovery rate. I plotted the decrease in pulse rate one minute after students did star jumps for a minute against students claimed fitness level (Fig. 2). I also tried percentage increase in pulse rate after exercise (Fig. 3) and other variables which I thought might be related to fitness level (see Fig. 4 – 7). 
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Figure 2. Decrease in pulse rate (bpm) one minute after star jumps grouped on reported level of fitness.

Figure 3. Percentage increase in pulse rate after star jumps exercise grouped on reported level of fitness.
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Figure 4. Time wall squat (seconds) grouped on reported level of fitness.
Figure 5. Time chair hold (seconds) grouped on reported level of fitness.
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Figure 6. Time hold breath (seconds) grouped on reported level of fitness.
Figure 7. Overlap of fingers in flexibility test (cm) grouped on reported level of fitness.
The variables, which looked promising to measure level of fitness, were breath hold, flexibility, percentage increase in heart rate and decrease in pulse rate over one minute after exercise. For breath hold, percentage increase in heart rate and decrease in pulse rate over one minute after exercise, it appeared that higher measurements for these variables could indicate a higher level of fitness. For flexibility, it appeared that lower measurements (in the negatives) could indicate a higher level of fitness. 

I wanted to develop a standardised formula for fitness, and to do this I took each person’s measurements for each of the promising variables identified above and created standard values. For the flexibility standard value, I multiplied this result by negative one so now higher values would indicate a higher level of fitness.
I then had to decide which variables to include in my formula. I tried adding the standard values for all four variables identified, and checked this with their self-reported level of fitness (Fig 14). Even though the sample sizes for each group are insufficiently small for box plots I plotted these as box plots to get a better visual comparison (Fig. 15).
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Figure 14. Possible fitness formula is tested to classify students’ fitness level.
Figure 15. Possible fitness formula is tested to classify students’ fitness level.
This initial formula seemed to match with people’s self-reported level of fitness if they thought they were moderately fit or fit, but didn’t appear to accurately identify unfit people. This may be because I don’t have enough data for unfit people. I then tried summing only the standard values for recovery rate, percentage increase in pulse rate and flexibility (Fig. 16 – 17) to see if I could get a better match.
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Figure 16. Another fitness formula is tested to classify students’ fitness level.
Figure 17. Another fitness formula is tested to classify students’ fitness level.
I decided to use this formula to classify students’ fitness level. Once I got the sum of the standard values for recovery rate, percentage increase in pulse rate and flexibility, I classified students into the categories fit (score>1), moderately fit (-1 < score <1), and unfit (score<-1) (Fig. 18). Even though the sample sizes for each group are insufficiently small for box plots I plotted these as box plots to get a better visual comparison (Fig. 19).
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Figure 18. Fitness formula is used to classify students’ fitness level.
Figure 19. Fitness formula is used to classify students’ fitness level.
I then checked out my fitness classification against possible reasons for the fitness levels. 
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Figure 20. Fitness formula is checked against mode of transport to school.
Figure 21. Fitness classification is checked against lunchtime activity.
My current knowledge about factors that affect fitness would suggest that the following factors may be linked to fitness level: Mode of transport to school (Fig. 20) and Lunch time activity (Fig. 21). However, it does not appear that my findings support these as being factors (using my fitness formula). It appears that mode of transport is not related to fitness level, as high proportion of people walk to school in each of the three fitness classifications. This may be because the students used in my samples are predominantly “in-zone” students, so live close to school. Also interestingly, the largest proportion of students who ran around or played at lunchtime was within the group of students classified as “unfit”. 
Potential measurement issue is that fitness level is a self-perception.  People may over or under report.  Also the sample sizes for each group is not big enough to detect any differences.  Categorical data need really large sample sizes (over 1000).




