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Introduction

This piece of work is based on the data of the median BMI for females
of different ages in the US in the vear 2000. | will be modelling the data using
different types of functions, as it is a modelling task.

BMI Internal Assessment

Bv: Jason Chau

The Body Mass Index or BMI is a rafio of a person’s high in relation to
their weight. It is calculated by dividing the person’s weight (kg) by the

square of their height (m). This ration is usually used to determine a person'’s

health.

1. Using technology, plot the data points on a graph. Define all variables

used and state any parameters clearly.

| put the age in the x column because it is the
constant variable. | called this column the
‘Age’ column

Next, | put the BMI values in the v column as it
is the dependent variable and called it the
‘BMI" column

The graph is plotted using these data points in
the table with the all points unconnected, as
this makes the graph more accurate. The
independent variable is the Age, which is the x
axis on the graph while the dependent
variable is the BMI, which is the y axis on the
graph. The parameteris a constantin the
equation of a curve that can be varied to
vield a family of similar curves.

| Ages (yrs) | BMI
2 16.4
3 15.7
4 15.3
5 15.2
6 15.21
7 154
8 15.8
9 16.3
10 16.8
11 17.5
12 18.18
13 18.7
14 19.36
15 19.88
16 20.4
17 20.85
18 21.22
19 21.6
20 21.65
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2. What type of function models the behaviour of the graph? Explain why
you chose this function. Create an equation (a model) that fits the

graph.

| chose the polynomial, quadratic function because the graph looks similar to
a parabola. A quadratic function is:

v=ax2 + bx + c; we need fo find the values for g, b and c.

In this equation, there are three unknown variables (a, b and c) so therefore, |
would need to find three equations. | will be using simultaneous equations to
find the values of the unknown variables.

(1) x=5is the line of symmetry as
B
X=——=25

2o




‘ Marked by Teachers

BMI Internal Assessment
Bv: Jason Chau

Year 11 SL Mathematics - 2009-08-09
Using data from the graph, | let the x value be 3 and therefore, the v value is
15.7,

(2) 15.7 =a(3)2+b(3)2+ C
157=9a0+3b +cC

Using another point on the graph, | let the x value be 17 and therefore, the v
value is 20.85

(3)20.85=a(17)2+b(17)2+
20.85=289a+ 17b +cC

Now that | have 3 equations, | can use simultaneous equations to solve the
values of a, b and c.

Substitute (1) info (2)

(4) 15.7 =9a + 3(-10a) + ¢
15.7=-21la+c

Substitute (1) into (3)

(5) 20.85=28%2a + 17(-10a) + ¢
20.85=28%9a-170a + ¢
20.85=119a +c

(5) - (4)
5.15 = 140a

a=3232=0.0368 (4)
140

Substitute (6) into (1)
b=-10a =-10x 0.0368 = 0.368
Substitute (6) into (5)
20.85=119(0.0368) + c

c=16.47
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Therefore, the quadratic equation is
y=0.368x2-0.368x + 16.47

3. On a new set of axis, draw your model function and the original graph.
Comment on any differences. Refine your

model if necessary. Ages (vrs) | BMI
2 15.88
3 15.70
4 15.59
5 15.55
E . _ ) 6 15.59

rom the equation y=0.368x2 - 0.368x + 16.47, | put

s . . 7 15.70
all the points in a table with the same x axis but ) 1588
using the new v values. 9 16.14
[ then . 10 16.47
plot both the original graph and my model T 1687
function on the same set of axis so | can compare 12 ]7:35
the values. 13 17.91
14 19.53
15 19.23
16 20.00
17 20.85
18 21.77
19 22.76
20 23.83
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Blue line: Original graph
Red Line: Model function

From the graph above, it seems that the model function is quite similar to the
Original graph, but is not close enough. This is because the v value of the
original function tends to decrease as the x moves towards 20. The v value of
the modelled function however, tends to increase greater as the x value
moves towards 20. Therefore, the original function is seems to be closer to a

_——

cubic polvynomial rather than a quadratic equation. 13 20
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4. Use technology to find another function that models the data. On a
new set of axes, draw your model functions you found using
technology. Comment on any differences.

Before | choose another function that models the data, | have a few
functions in mind. | am thinking of choosing either cubic, quartic or quintric
polvnomials. In order to see which function models the data the best, | will be
using the RMSE or the root means square error. This is a measure of the
difference between the values predicted by a model and the actual values
from the data. RMSE is a good way to indicate the accuracy and to see how
close the modelled data is compared to the original data.

The first function | will use is the cubic function.
The equation of this function can be calculated from the graph
=-0.0041x3 + 0.154x2-1.28x + 18.27

with an RMSE of 0.07864, which is very accurate.

|
Auto Fit for Data Set | Body Mass Index
y = A+Bx+Cx"2+Dx 3
A 18.27 +/-0.1281
B: -1.276 +/- 0.04645
C: 0.1536 +/- 0.004732
D: -0.004075 +/- 0.0001419
RMSE: 0.07864
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The second function | will use is the quartic function
The equation of this function can be calculated from the graph
v=9.73E-005x4 —0.00835x3 + 0.217x2—1.630x + 18.86

with an RMSE of 0.04564, which is even more accurate than the cubic
function.

7
Auto Fit for Data Set | Body Mass Index
vy = A+Bx+Cx"2+Dx"3+Ex"4
A 18.86 +/- 0.1302
B: -1.630 +/- 0.06955
C: 0.2167 +/- 0.01176
D: -0.008354 +/- 0.0007788
E:

R

9.726E-005 +/- 1.760E-005
MSE: 0.04564

The last function | will use is the quintric function.
The equation of this function can be calculated from the graph
vy=9.79E-007x5 + 4.34E-005x4 — 0.00727x3 + 0.207x2 - 1.59x + 18.81

with an RMSE of 0.04725, which is also more accurate than the cubic function,
but not as accurate as the quartic function.
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Auto Fit for Data Set | Body Mass Index
vy = A+Bx+Cx"2+Dx*3+Ex"+Fx*5

A 18.81 +/- 0.2414

B:-1.591 +/- 01716

C: 0.2069 +/- 0.04164

D: -0.007266 +/- 0.004472

E: 4.343E-005 +/- 0.0002184

F: 9.787E-007 +/- 3.957E-006

RMSE: 0.04725

The quartic function is the most accurate so | will use this graph for the
following question. Although the quartic graph is the most accurate, it is only
a best fit for the data provided (age 2 — 20). Therefore, there may be errors
when predicting preceding values outside the data provided.

5. Use your model to estimate the BMI of a 30-year-old woman in the US.
Discuss the reasonableness of your answer.

From the previous question, the quartic function is the closest fo the
original data compared to all the other functions | looked at. Therefore, |
will start off by using the quartic function.
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If | zoom out, the graph would look like

10 ¥

The coordinates for 30 vr old women are (30, 20.06)
This means that the BMI for 30 vear old women is 20.06

This value is unreasonable because the BMI of 30 vr old women resembles
that of 15— 16 yr old girls.

If the BMI is calculated by taking the weight and dividing it by the square of
the height, the either the height of 30 vr old women in the US increases a lot
or there is a sudden decrease in their weight. Due to the fact that girls reach
maturity and finish growth at the age of around 14, it is impossible to have this
data and therefore, the quartic graph does not fit for the BMI for women over
30.
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Therefore, | would need to find another function which shows a realistic BMI
for 30 vear old women in the US.

| found that the Gaussian function shows a more redlistic frend for the BMI of
women ages 20-30 compared to the quartic function.

20— "

Auto Fit for Data Set | Body Mass Index
¥ = Ataxp(-(x-BY2/(C*2))+D
1 A 60933 /- 0.09008
0 B: 5.510 +/- 0.O7125
G -B.846 +/- 01846
D: 22.15 +/- 0.09731

b

RMSE; 0.08161
_}G_
= -~ T T 1T T T T T 1 [ T T L T I L) T
0 0 10 20
H95- 2227 = Age ©

The Gaussian graph above shows that the BMI of 30 vear old women is
22.21 which are slightly higher than the BMI of 20 year old women which is
21.65. This graph is more reasonable compared to the quartic graph because
it is reasonable to assume that the BMI of 30 year old women is slightly higher
than 20 vear old women. Therefore, | decided that the Gaussian graph is
reasonable to estimate the BMI of 30 year old women.

6. Use the internet to find BMI data for females from another country. Does
your model also fit this data? If not, what change would you need to
make? Discuss any limitations to your model.

| found a table showing the BMI of Shaanxi (province in china) women age
between 1-18. To compare this data with my model, | would need to plot
these values in a graph.
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Source:
http://www.ijbs.org/User/ContentfullText.aspx2volumeNo=1&StartPage=57&Tv

pe=pdf

| will use the 50th percentile of rural girls as it is the average.

A America Shaanxi
ek boys girls urban boys urban girls rural boys rural girls
) 05 5p% 5% 035 502 5% 03t 5= 5= 03m 50 5% 05= 50% 5% 05% 50 5%
1 180 172 M6 193 166 147 197 168 M1 196 164 138 198 170 144
2 190 165 M4 187 160 143 100 164 M40 180 160 137 188 163 10
3 184 160 MO0 183 156 139 184 159 138 182 155 134 179 156 135
4 181 158 138 182 154 136 170 154 134 175 150 130 174 152 133
5 180 155 137 183 153 135 175 150 130 171 M7 127 169 148 120
6 181 154 136 188 153 133 172 17 126 171 146 126 167 146 127
7 189 155 136 197 155 134 177 147 125 176 148 127 168 M7 128
8 197 157 137 210 160 136 185 150 126 182 151 128 171 49 130
9 209 160 MO0 227 166 140 196 155 128 194 156 130 176 152 132
10 222 166 142 242 171 143 207 161 132 210 162 133 183 155 135
1 235 172 M6 257 178 M6 22 166 135 225 168 136 189 158 137
n 248 178 151 268 183 150 233 170 139 230 175 41 195 161 140
13 258 184 156 279 189 154 241 174 142 251 183 148 199 165 143
4 268 191 161 286 194 157 246 180 M7 255 189 153 206 171 148
15 277 197 166 204 199 161 252 186 152 254 194 158 213 179 155
16 284 205 172 300 202 164 259 192 156 252 198 163 223 187 161
17 200 212 177 305 207 169 264 107 159 251 201 166 230 192 164
18 207 219 183 310 211 172 2638 202 162 247 202 167 238 198 167
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| would need to ploft this data on the same axis with my model to see if it fits.

The dofted line represents the BMI of Chinese women and the continuous
line represents my model.

The limitation to the data of the BMI of Chinese women is that the age range.
This decreases the accuracy of the graph because | don’t know the exact
BMI of women above 18 vears old and therefore, | am forced to make
estimation.

From the graph, it can be seen that my model does not fit this new data and
therefore | would have to change my model.

| fried to remodel the quartic function again as it best fits this new data.
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The dofted line shows the BMI of Chinese women and the continuous line
shows the quartic polynomial y= -0.0004x4 + 0.0131x3-0.0635x2-0.4129x+16.846

Conclusion

From looking at all these functions modelled, the quartic polynomial
best fits the graph of Chinese women's BMI.

After completing the task, | found a flaw to the quartic polynomial as it
is only reasonable up to the age of 20. After that, the graph immediately
descends. This is highly unreasonable as a women's BMI at the age of 25 is
15.4. However, due to the insufficient data provided for the BMI of Chinese
women, | have tfried every single function | can find and there is sfill no
solution to the issue. This may be resolved by using more data.

However, the quartic graph, is the most accurate compared to the
Gaussian, sine, cubic and quintric graph for the BMI of Chinese women
between the age of 1 to 18 and therefore, | will not make any changes but
keep this modelled function for this data.
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