Chevernee Steers  ~ Math Coursework  


Introduction: 

I have been given a set of data, this set of data tells me about Mayfield High School.  This data contains information about 1,200 pupils; however, I will only be using 1183 pieces of this data. The reasons for this being that the other 17 pieces are suspect, incorrect data, or outliers, due maybe to a genetic disorder and therefore not useful to me.  I will be doing an investigation using a number of hypotheses: 

- There is a relationship between heights and weights of pupils

- Heights and weights are positively correlated 

- Boys grown at a faster rate than girls

· Year 11 pupils are taller and heaver than year 7 pupils

· Year 11 boys are taller and heaver than year 7 boys

· Year 11 girls are taller and heaver than year 7 girls 

Sampling the data

I will look at the data given to me; this data shows the surnames of pupils, which year they are in, their gender, heights and weights of each pupil.  Each pupil will be used when collecting my sample.  In this data I will also find some anomalies which I will disregard, I will do this by working out their BMI [Body Mass Index] from these I will see which are too large and which are too small; shown in the following table are examples: - 

	Year group
	Name
	Gender
	Height (m)
	Weight (kg)
	BMI
	Explanation on anomalies

	7
	Abbas
	Male
	1.45
	
	
	In this column we can see that no weight has been entered, which results in no BMI. 

	8
	Vegeta
	Male
	2.00
	35
	8.8
	Within this column an insignificant weight or height has been entered, we know that this is true as the BMI is unrealistically low.

	8
	Trinion
	Female
	3.00
	40
	4.44
	Once again, due to an insignificant height of 3m being entered the BMI is incorrect. 

	9
	Vonita
	Female
	1.60
	5
	1.95
	This column illustrates an unrealistic weight of 5kg; this results in the BMI being untrue. 


When I collect the pre – test sample, I will need it to be large enough to show significance – this is why I will collect 50 pieces of data.  This number is large enough but also a manageable size.  In order for the random sample to be fair I will use 1183 Ran(.  Ran( shows a number from 0-1; with the 1183 as the total number of data. When collecting the sample for my other hypotheses, I will use stratified samples and calculation. The calculation as follows: 

131 X 200 = 58 Year 7 girls 

452 

151 X 200 = 66 Year 7 boys 

452 

 86 X 200 = 38 Year 11 girls

452

 84 X 200 = 37 Year 11 boys 

452

These calculations show fair proportions of each year group.  I will use a sample size of 200 – so that all parts of the sample are large enough. If I do come across repeated answers from sampling, I will simply ignore them and continue. 

Pre – Test 

Hypothesis: Is there any relationship between height and weight? 

For this pre-test, I used a sample size of 50.  This is because it is large enough to be reliable and small enough to be manageable.  I collected 50 pieces of data using 1183 Ran (.  I did this due to there being 1183 pieces of data altogether and Ran( as this selects digits from 0 to 1.  I then rounded this number up, to make the sample as fair as possible.  Once I collected my data, I put it into a scatter diagram.  I did this as from a scatter diagram you can see the type of correlation from the heights and weights – therefore I could see if there was any relationship between the two.  From the scatter diagram [figure1], I could see that there was a slight relationship between the two as it was positively correlated.  As a result I am going to look at height and weight separately. 

Tables; these tables illustrate the weights and heights of pupils from year seven and year 11 for both genders. I completed these tables to ensure that I plotted the correct heights/weights, as well as the correct cumulative frequency to produce graphs as accurate as possible.  From these graphs I will find whether weights and heights are symmetrically distributed, as well as standard deviations (see statistic figures/ below table)

	 
	Year 7 Boys
	Year 7 Girls
	Year 11Boys 
	Year 11Girls

	Height
	0.08
	0.1
	0.14
	0.08

	Weight
	7.56
	5.9
	14.3
	5.55


The standard deviations for girls hardly change from year seven – year eleven.  This may be due to that girls grow faster than boys.  There is so much scatter for girls heights and weights in year seven that it can hardly grow any more in the next four years.  On the otherhand, boys have hardly started growing and their standard deviations nearly doubles in the next four years. 

Year 7 Boy Weights; 

	Weight
	Frequency
	Cumulative Frequency 

	‹x≤ 35
	17
	17

	35 ‹x≤ 40
	15
	32

	40 ‹x≤ 45
	12
	44

	45 ‹x≤50
	9
	53

	50 ‹x≤ 55
	10
	63

	55 ‹x≤60
	1
	64

	60 ‹x≤ 65
	2
	66

	65 ‹x≤70
	1
	67


Year 11 Boy Weights;  

	Weight
	Frequency
	Cumulative Frequency

	‹x≤35
	7
	7

	35 ‹x≤ 40
	1
	8

	40 ‹x≤45
	3
	11

	45 ‹x≤50
	6
	17

	50 ‹x≤55
	8
	25

	55 ‹x≤60
	4
	29

	60 ‹x≤65
	3
	32


Year 7 Boy Heights; 

	Height
	Frequency
	Cumulative Frequency

	‹x≤ 150
	33
	33

	150 ‹x≤ 155
	14
	47

	155 ‹x≤160 
	14
	61

	160 ‹x≤165 
	4
	65

	165 ‹x≤170 
	2
	67


Year 11 Boy Heights; 

	Height
	Frequency
	Cumulative Frequency

	‹x≤150
	4
	4

	150 ‹x≤ 155
	3
	7

	155 ‹x≤160 
	10
	17

	160 ‹x≤165 
	7
	18

	165 ‹x≤170 
	1
	19

	170 ‹x≤195
	13
	32


Year 7 Girl Weights;


	Weight
	Frequency
	Cumulative Frequency

	‹x≤30
	4
	4

	30 ‹x≤ 35
	13
	17

	35 ‹x≤40
	15
	32

	40 ‹x≤45 
	12
	44

	45 ‹x≤50
	10
	54

	50 ‹x≤55
	3
	58

	55 ‹x≤60
	2
	60


Year 11 Girl Weights;

	Weight
	Frequency
	Cumulative Frequency

	‹x≤30
	2
	2

	30 ‹x≤ 35
	3
	5

	35 ‹x≤40
	10
	15

	40 ‹x≤45 
	11
	26

	45 ‹x≤50
	7
	34

	50 ‹x≤55
	3
	37

	55 ‹x≤60
	3
	40


Year 7 Girls Heights; 

	Height
	Frequency
	Cumulative Frequency

	130 ‹x≤135
	1
	1

	135 ‹x≤140
	7
	8

	140 ‹x≤145
	14
	32

	145 ‹x≤ 150
	7
	39

	150 ‹x≤155
	12
	51

	155 ‹x≤160
	10
	61

	160 ‹x≤170
	3
	64

	170 ‹x≤175 
	3
	67


 Year 11 Girls Heights; 

	Height
	Frequency
	Cumulative Frequency

	130 ‹x≤ 145
	17
	17

	145 ‹x≤150
	23
	40

	150 ‹x≤ 155
	23
	63

	155 ‹x≤160
	27
	90

	160 ‹x≤165
	24
	114

	165 ‹x≤180
	11
	165


Hypothesis: Weight and heights of year 7 and year 11 are symmetrically distributed. 
There are short people, fat people, short fat people….. People come in all shapes and sizes, but is there any reason to suppose that people are more likely to be short than tall or fat than thin?
I will be investigating this hypothesis using four different histograms and box plots.  I will be using the histograms, as they are an accurate way of looking at the distributions of both heights and weights.  Also due to the data being unevenly distributed, the histograms are better to use than bar charts.  In terms of how the data would be spread out, I would expect those pupils in year eleven to generally be taller and heavier that those pupils in year seven. I have already found a stratified sample of all the pupils in the school, to find the numbers of pupils in each year to select from a total sample size of 200; therefore I can now plot the histograms to analyse how the data and see if it is positively/negatively skewed/symmetrically distributed, etc, 
Year 7 Histograms for Weights

	Weights
	Frequency
	Class width
	Frequency density

	30‹x≤40
	34
	10
	3.4

	40‹x≤45
	30
	5
	6

	45‹x≤50
	24
	5
	4.8

	50‹x≤55
	19
	5
	3.8

	55‹x≤60
	13
	5
	2.6

	60‹x≤75
	5
	15
	0.33


Year 7 Histograms for Heights

	Heights
	Frequency
	Class width
	Frequency density

	135‹x≤150
	11
	10
	2.2

	150‹x≤160
	11
	5
	1.8

	160‹x≤165
	15
	5
	4.4

	165‹x≤170
	13
	5
	2.8

	170‹x≤180
	11
	5
	1.2

	180‹x≤200
	14
	15
	0.35


Year 11 Histograms for Weights

	Weights
	Frequency
	Class width
	Frequency density

	30‹x≤40
	11
	15
	1.1

	40‹x≤45
	9
	5
	2.2

	45‹x≤50
	2
	5
	3

	50‹x≤55
	14
	5
	2.6

	55‹x≤60
	12
	10
	2.2

	60‹x≤85
	7
	20
	0.93


Year 11 Histograms for Heights
	Heights
	Frequency
	Class width
	Frequency density

	130‹x≤145
	17
	15
	3.4

	145‹x≤150
	23
	5
	4.6

	150‹x≤155
	24
	5
	4.8

	155‹x≤160
	26
	5
	5.2

	160‹x≤165
	24
	5
	4.8

	165‹x≤180
	11
	15
	0.73


. The histogram that shows the heights of year seven is approximately symmetrically distributed, however slightly negatively skewed, peaking at 1.55m.  This histogram is approximately symmetrically distributed as both the boys and girls are at a young age and the majority have not yet started puberty.  The reason, therefore, for small amounts of extreme heights could be for some starting puberty earlier or later that others: there is a condition called precocious puberty. Puberty can happen as young as two. On the other hand, if a girl has an ovarian cyst, she may have an extremely delayed puberty. The histogram shows that the weights of year seven pupils is also not symmetrically distributed.  Instead the data indicates the distortion towards higher values, making the data positively skewed, with more values after the peak than there were before.  This could be due to the still young year sevens’ not having lost their baby fat and also still growing.  As a result of growing up, they will loose this baby fat; this may be seen later in the histograms for year eleven weights.   The histogram that shows the weights of year eleven pupils follows the same pattern as that of the weights of year seven pupils; this being not symmetrically distributed.  Also proving to be slightly positively skewed, peaking at 45 kg.  Similarly to the histogram for ‘weights of year sevens’, there are more values after the peak than before.The values before the peak may suggest there are a number of naturally skinny people or even dieting, something that year eleven pupils are more likely to do than year sevens’.  The final histogram showing the heights of year elevens is not symmetrically distributed but also positively skewed, again as there is a higher density for the higher extreme heights than the lower extreme heights. Illustrating that the bulk of year elevens have gone through puberty and have done most of their growing; certainly for the girls – with some exceptions for boys, as boys mature, e.g. grow taller, later than girls. Due to growth patterns within young people it is most likely that the year eleven girls have stopped growing, with their heights at an expected pattern.  However, for the remaining groups, growth is more than likely to continue, therefore may not reach symmetrical distribution until this growth has ended.  To summarise, the histograms are approximately symmetrical. However given the nature of people to be different and for their behaviour to change over time, the sample size we have does not justify a definitive conclusion: social statisticians have access to hundreds of thousands or millions of data points.
Hypothesis: Year 11 pupils are taller and heavier than Year 7 pupils. 

I will be investigating this hypothesis with the use of different histograms/box plots, means and scatter graphs.  I will be using the histograms/boxplots, as they are a quick and efficient way of looking at and analysing the distributions of both heights and weights.  Also due to the data being unevenly distributed, histograms are better to use than bar charts.  In terms of how the data would be spread out, I would expect those pupils in year eleven to generally be taller and heavier that those pupils in year seven with  higher measures of spread such as iqr and standard deviation
As expected, the medians and means for the year elevens are higher than the medians and means for year sevens.   However there are real differences between boys and girls taken separately. The girls have grown by much less – about one third that of the boys. It is a well established fact supposedly that girls grow faster – or earlier than boys. What we have here is consistent with that, since the grils are about the same size as boys at year 7, but end up growing by only one third as much over the next 4 years. It might well be thought that a good deal of the girls growth has already taken place. When we look at the measures of spread – standard deviation and iqr things become even more interesting. The standard deviations for the girls hardly changes but that for the boys roughly doubles. The iqrs are also sharply different. The boys iqrs increases significantly but the girls iqrs are stable or falling. All this supports that girls grow up earlier than boys and have already gone through a significant part of their growth by the time of year 7.
Hypothesis: Year 11 boys are taller and heavier than Year 7 boys
I will be investigating this hypothesis using  histograms/box plots, scatter graphs and by comparing means.  I will be using the histograms/box, as they are an easy and efficient way to summarise all of the data and to read off the median and quartiles. If they are different then they will separate into two groups on the scatter graphs. You can easily see which has the higher typical height or weight. Also due to the data being unevenly distributed, the histograms are better to use than bar charts.  In terms of how the data would be spread out, I would expect those boy pupils in year eleven to generally be taller and heavier that those boy pupils in year seven.  

As expected, the medians/means for the year eleven boys are higher than that of the year seven boys.  These medians cover both heights and weights. The data is significantly more spread out in year eleven (both heights and weights) than in year seven. . I can see this, from looking at the interquartile ranges and the standard deviations for both year seven and year eleven heights and weights.  The reason for the data being more spread out may be due to the boys in year seven not haven started puberty, with them all around the same height and weight – with some, few extreme values.  Where as in year eleven, they are all going and continuing to go through puberty. Almost conclusive proof though is given by the scattergraph. This clearly shows the two sets as distinct groups. There is strong evidence in support of this hypothesis. 

Hypothesis: Year 11 girls are taller and heavier than Year 7 girls. 

I will be investigating this hypothesis with the use of four different histograms/box plots and scatter graphs.  I will be using the histograms/box, as they are an accurate way of looking at the distributions of both heights and weights. In addition due to the data being unevenly distributed, the histograms are better to use than bar charts.  In terms of how the data would be spread out, I would imagine those girl pupils in year eleven to generally be taller and heavier that those girl pupils in year seven.  

As expected, the medians for the year eleven girls are higher than that of the year seven girls.  These medians cover both heights and weights.  The medians for heights; year seven girls – 39kg, year elevens girls – 42kg (showing a 3kg difference).  The medians for weights; year seven girls – 149cm, year eleven girls – 158cm 9an 11cm difference). The iqrs and standard deviations are about the same in year 7 as year 11. The growth of girls in these four years is surprisingly small, only 7% or less, whichever measure you use, median or mean, compared with something like 20 or 30% for boys. This is consistent with girls starting puberty early and having gone through a good deal of growth before year 7. However even giving these small percentages, there is still significant evidence to support the hypothesis.
Scatter graphs explanations; for year seven boys and girls, you can’t tell boys apart from girls, as they are very similar.  Unlike year eleven boys and girls where they have separated into two parts, the boys are both taller and heavier than the girls.  When looking at year seven and year eleven girls on the same diagram, year eleven are obviously taller and heavier than year seven girls, this also holds for the boys from between year seven and eleven.  In fig. 1 the boys are hard to separate from the girls.  However, over the next four years (see fig.7) the boys grow much faster than the girls so now boys and girls are two distinct groups.  When comparing fig. 7 with fig. 8 we can see that the average weight has only increased by 5kg but the boys weight increases by approximately 17kg (see statistics), and the average girls height increases by only 12cm, about one third that of the boys increase.
Cumulative Frequency Write – up 

1] As expected the medians and quartiles for year eleven girls are higher than the medians for the year sevens.  This  is true for both height and weight. The interquartile ranges for both heights and weights is about the same in year 7 as year 11.  The reason for this maybe that in year 7 the iqr is large due mostly to that some girls  started puberty years before and some have not started yet. Where as those in year eleven are much more settled and have all begun puberty, those extremes have been absorbed into the normal almost adult range of heights and weights. The cumulative frequency curves show higher weights and heights at every quartile for the year 11 girls compared to year 7 girls. This provides more evidence for the hypothesis that year 11 girls are taller and heavier than year 7 girls. 

2] As expected, the medians and quartiles for the year elevens boys are higher than that of the year seven boys.  This is true for both heights and weights.  The data is significantly more spread out in year eleven [both heights and weights] than in year seven.  I can see this, from looking at the interquartile range for both year seven and year eleven, heights and weights.  The reason for the data being more spread out may be due to the boys in year seven having started puberty, with them all around the same heights and weights – with some, few, extreme values.  Where as in year eleven, they are all going and continued to go through puberty   With still extreme values as some may start puberty later than others or even gone through, nearly finished puberty.  The quartiles show significant difference from year seven boys to year eleven boys, from this evidence, all being significantly higher in year 11 than year 7. The cumulative frequency curves provide more evidence for the hypothesis that year 11 boys are taller and heavier than year seven boys. 

Table of quartiles; - 


Qu1 west valuetss

	hat cannot control; - unlike weight. As the quartiles show significant difference, I can prove this hypothesi
	Qu2
	Qu3
	Highest Value
	IQR

	Year 11 heights
	137
	154
	159
	166
	195
	12

	Year 11 Weights
	30
	38
	45
	53
	80
	15

	Year 11 boy heights
	151
	157
	161
	173
	192
	16

	Year 11 girl heights
	137
	152
	158
	163
	175
	11

	Year 11 boy weights
	35
	42
	51
	58
	80
	16

	Year 11 girl weights
	37
	38
	42
	47
	60
	9

	Year 7 heights
	130
	148
	155
	161
	180
	13

	Year 7 weights
	31
	35
	40
	46
	70
	11

	Year 7 boy heights
	131
	142
	149
	155
	175
	13

	Year 7 girl heights
	130
	145
	150
	156
	174
	11

	Year 7 boy  weights
	32
	34
	39
	45
	60
	11

	Year 7 girl weights
	31
	35
	40
	48
	70
	13


Changes between quartiles; - 

I used this calculation to perform percentage changes; 


perform percenta chanes
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	Medians
	Significant/Not Significant
	IQR

	Year 7 heights to Year 11 heights
	2.6%
	Not Significant

%cant/Not Significant







































































































	-7.7%

	Year 7 weights to Year 11 Weights
	11.25%


	Significant
	36%

	Year 7 boy weights to Year 11 boy weights
	27.5%


	Significant


	45%



	Year 7 girl weights to Year 11 girl weighs


	5.0%


	Significant


	- 31%



	Year 7 boy heights to Year 11 boy heights
	11.1%


	Significant
	23%



	Year 7 girl heights to Year 11 girl heights
	5.3%
	Significant
	0




Conclusion

Hardly surprisingly we have found a positive correlation between height and weight; the extra cm must be made of something. The correlation is not strong, given the low correlation coefficients and the amount of scatter in the graphs but it is there for every year group and sex. The amount of scatter may not be surprising, given the tendency of people to be different, and in the past few decades, for people to be either very fat or very thin. It would be interesting to do the same study on year groups between the wars or in past centuries, or even on similarly aged groups in other countries. The Americans would tend to be heavier in weight on average - just order something in an American burger bar  to see why this is – with some painfully thin, and the Japanese would probably be extremely fit, with much less scatter because their diet of rice and fish is low in calories.
Th first hypothisThe distributions do all seem to be approximately symmetrically distributed, from the histograms and box plot, within the limitations of our study; our total sample was 200. Had our study been larger, then we may have noticed that the results were slightly positively skewed: heights and weights have an absolute lower limit of zero, notwithstanding the extremes of a 14 year old boy just 20 inches high in Nepal, or a 17 year old Mexican girl who weighed 4.7 pounds.  There is no upper limit to heights or weights however, and we are growing taller and heavier with each generation and the modern much publicised obesity epidemic means probably that we are growing heavier faster than we are growing taller.
Our third hypothesis, that year 11 boys are taller and heavier than year 7 boys might seem pretty obvious: just look around you. Look at the scatter graph for Year 7/11 boys on the same diagram. It is not hard to tell the year 7s apart from the year 11s. They are two distinct groups. The average weighgt of a year 11 boy nis 17kg higher than that of a year 7 boy, compared with only 5kg for girls and the average height has also increased and much more than for girls. Our fourth hypothesis seems also true, but less obviously so. Year 11 girls are a few cm taller and a few kg heavier than year 7 girls compared with tens of cm and tens of kg for boys between years 7 and 11.  

It does seem that boys grow faster than girls between years 7 and 11. Look at the scatter graph where boys and girls are on the same diagram, for year seven and year eleven; between these four years boys have grown around 20cm taller than girls and about 12 kg heavier but at year seven they were about the same. It is often said that girls grow faster: actually what is meant is that girls grow earlier. When you consider that boys and girls are about the same size up to a certain age, but boys end up bigger, boys grow faster overall, and girls over grow faster over a period of two or three years, which happens at an earlier age than for boys.

Between years 7 and 11, the standard deviation of the girls’ heights and weights hardly changes, while that of the boys increases significantly. We would expect the standard deviations to increase as the heights and weights increase, and in fact since the girls heights and weights have not increased by much, it seems logical that the standard deviations should also not increase by much, since most of the increase of the girls heights and weights has already taken place. However, the standard deviations are probably higher than they were in years gone by, giving the tendency of modern society to go to extremes, with many extremely thin and many more extremely fat.  It would be interesting to confirm this and to compare standard deviations in this country with other countries, especially standard deviations in the weights.

Looking at the data for the BMIs [weight/height^2] the standard deviations and averages for the girls hardly changes between years 7 and year 11 but that for the boys increases by much more.  This supports what we have said so far about girls growing earlier than boys but boys in the end grow more overall. It may also be surprising to note that in the end the BMIs for boys is higher than for girls which may seem counter to the knowledge that girls have a higher percentage of body fat than boys but which may be explained by the fact that boys are more muscular and muscle is more dense than fat. It would be interesting to compare the BMIs in this sample with BMIs from previous years and in other countries to see if the incidents of obesity has increased or is higher than in other countries. Since interquartile range, like standard deviation is a measure of spread, all these conclusions are supported by the interquartile range data: both standard deviations and interquartile ranges increase much more for boys than girls from years 7 to 11.
In summary all of our hypotheses have found some support and evidence in this study but all most be qualified by the smallness of the sample and the limited scope of the investigation. 
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