‘ Marked by Teachers

Introduction

In this Type II Math Portfolio, the task is to create model functions that fit a data set. This
data set is the median Body Mass Index (BMI) of females aged 2-20 in the USA in the
year 2000. It is then necessary to comment on the reasonableness and differences of these
models and how they compare to the data set.

Using technology, plot the data points on a graph. Define all variables used and state
any parameters clearly.

Logger Pro 3 (LP3) was used to plot and graph points.
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Figure 1
The variables and parameters used for the data points given are as follows:

x = the age of females in the U.S. in the year 2000
Where { x 0 N| 2 < x<20}

y = the BMI of females in the U.S. in the year 2000
Where { y[1Q — 1520 < y<21.65}

Where Q =(a/b),allN, b N

For any curves of best fit being used:

x = the age of females in the U.S. in the year 2000
Where { x [ N}

y = the BMI of females in the U.S. in the year 2000
Where { yQ }
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Where Q =(a/b),allN, b N

What type of function models the behaviour of the graph? Explain why vou chose

this function. Create an equation (a model) that fits the graph.

There are a few functions that may model the behaviour of the data points. One of these
is the quintic function. This function was chosen because within the set parameters it

models the points with little error.
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General Equation

Ax {Proportional)

mx+b (Linear)

axh2 + bx + ¢ (Quadratic)

A 4 Bx & CxA2 4 DxA3 (Polynomial}
A¥xAR (Power)

A*xan (Variable Power)

Ay (Inverse)

Asxr2 (Inverse Square)

AsxAn + B (Nth Inverse)
Arexp(-C*x14B (Natural Exponent)
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Therefore according to LP3, the quintic function:

y=9.7871x10""x’ +4.34275 x10°x* - 0.00726582x’ + 0.206889x” - 1.59147x +

18.8139

On a new set of axes, draw vour model function and the original graph. Comment

on any differences. Refine your model if necessary.




‘ Marked by Teachers

BMI ws. Age

#uta Fit Far: Data Set:BMI (kadm )
frd Vo= A+ Bx+Cx™ 24 D3+ Ex™d+ Fx™h
A 18.81
B:-1.591
C:0.2069

[ -0.007266
E: 4.343E-05
F:9.787E-07
RMSE: 0.04725

BMI {kg/m }
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Age (years)

As shown, there is very little error, as the RMSE value is close to zero. If a table was
created to show the difference in the point of the actual BMI with the BMI on the curve,

it would be:

Age Actual BMI BMI on Curve Difference
2 16.40 16.40 0.00
3 15.70 15.71 -0.01
4 15.30 15.30 0.00
5 15.20 15.15 0.05
6 15.21 15.21 0.00
7 15.40 15.44 -0.04
8 15.80 15.81 -0.01
9 16.30 16.30 0.00
10 16.80 16.86 -0.06
11 17.50 17.47 0.03
12 18.18 18.10 0.08
13 18.70 18.73 -0.03
14 19.36 19.35 0.01
15 19.88 19.92 -0.04
16 20.40 20.43 -0.03
17 20.85 20.88 -0.03
18 21.22 21.24 -0.02
19 21.60 21.52 0.08
20 21.65 21.70 -0.05
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Use technology to find another function that models the data. On a new set of axes,
draw vour model function and the function you found using technology. Comment
on any differences.

Using LP3, the Gaussian function was used to model the data.
BMI vs. Age
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&uto Fit For: Data Set:BMI Ckadm )
yo=fRexp( - (x-B1"Z/ (0211 +D
A -6.933

E:5.510

C: -5.546

D: 22,15

RMSE: 0.08161
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Gaussian function: y =-6.933¢

As shown, there is very little error, as the RMSE value is close to zero. Therefore, the
differences between the curve values and actual BMI values are very small.

Use vour model to estimate the BMI of a 30-yvear-old woman in the U.S. Discuss the
reasonableness of your answer.

The quintic model’s x-axis was change in LP3 to include the age of 30. The graph was
then set to “interpolate” to generate an answer on the quintic function for x = 30.
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BMI ws. Age

Auto Fit For: Data Set:BM| {kgsm )
W= h+ B+ L2+ D3+ B4+ FxE
A 18.81

=1 4 B:-1.591
C:0.20689

D: -0.007266
E: 4.343E-05
F: 9.767E-07
RMSE: 004725

tige (yearsy: 30
BMI Ckg/m }: 20.05

BMI {kg/m }

Age (years)
f30,84, 15,793

Therefore the BMI of a 30 year old woman is 20.05. This is slightly unreasonable
because it is less than the BMI of'a 16 year-old according to the data. As a person ages,
there height will only slightly change, while weight increases (assuming there is a lack of
exercise when older). Since m® is in the denominator, and weight is in the numerator of
BMI, the BMI would increase. Although the quintic function matches the data with the
slightest of error, the reasonableness of the function in response to the assumptions made
does not correspond.

However, if the BMI of a 30 year old female was taken from the Gaussian function:
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BMI ws. Age

22 -

#uta Fit For: Data Set:BMI Ckgdm )
Y= A%enpl - (x-BI"2/HC2) 1+ D e 4]

A -6.933
B:5.510

2 —- LC:-5.846
02215

RMSE: 0.05161

fge (years): 30
BMI {kgsm 3: 2215

BMI {kg/m }
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Therefore the BMI of a 30 year old woman is 22.15. This is more reasonable because
there are been an increase from the BMI values of ages less than 30. However, The graph
plateaus at the BMI value of 22.15, which is also unreasonable because it is highly
unlikely a 30 year old woman’s BMI is the same as an 80 year old’s BMI.

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

According to data from the World Health Organization (see works cited for citation), the
mean BMI were calculated and grouped into regions and subregions. The data collected
was from EUR-B which consists of data from Bulgaria, Poland, Slovakia and Turkey.
Ages 5-17 were collected individually.

Age (yrs) BMI
5 15.0
6 15.2
7 15.5
8 15.8
9 16.4
10 16.9
11 17.6
12 18.2
13 18.9
14 19.9
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15 20.0
16 20.5
17 21.4

When graphed against the quintic model:
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Manual Fit For: Data Set Z:BMI (kg/m 3 }
W= A+ B+ L2+ D3+ B+ FxE

A 18.81

B:-1.59

C: 0.2069

28 D: -0.007266 F 3

E: 4.343E-05

F- 9 787E-07

RMSE: 0.3136

BMI {kg/m }
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This model fits the data, although not as accurately as with the U.S. data, However, the
Root Mean Squared values are both fairly close to zero (0.04725 and 0.3136). The same
limitations apply to this data as the US data.

When graphed against the Gaussian model:
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Manual Fit For: Data Set 2:BMI| (kg/m 2 }
T W= frenpl - (x-BI"2A(CTEN I+ D
& -6 933
B:5.510
268 — C:-8.846
D 2215 &

RMSE: 02527

BMI (kg/m )}

| | |
5 18 15

Age {years)
This model fits the data, although not as accurately as with the U.S. data, However, the
Root Mean Squared values are both fairly close to zero (0.08161 and 0.2827). The same
limitations apply to this data as the US data,

Conclusion

It was found that many model functions may fit a certain data set. However, when it
comes to choosing the right function to represent it, one must explore the context in
which the data set is given. Since the data set was the BMI vs Age, one needed to use
reason in determining a suitable model function, and deduce any limitations. With such
little data given, limitations can be found everywhere. If there were, for example, more
ages and median BMlIs, there would be a better fitting function available than the ones
mentioned. It is important to note that through mathematical analysis and the use of
reason the best answer can be reached.
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