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Body Mass Index

Body Mass Index is a measure of ane's body fat. It is colculated by taking one's weight in kg
and dividing it by the Square of ane’s height in meters.

weight(kg) 4
height(m)?

BMI =

Portfolio Outline: GO S URMMARY

' First | will plot the graph of the table using MS Excel and subs sequentially define all variables used and state the
parameters employed.

v Secondly, I will manually (by hand) determine a quadratic function equation which models to behavior of the
graph and justify why | chose this function.

v Next, | will refine the model using a cubic function (determined using the GDC) and draw its line on the graph
with the original and show that it is more precise than the quadratic,

¥ Then | will display an amalgamation of Braphs for different functions which could model the graphs such as
quartic and discuss them all.




The following is a table denoting the median BMI for females of different ages in the USA in the year 2000 obtained from
the Center for Disease Control website.

” The table has henceforth been illustrated in the graph below:
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As we can see, by observing the form and shape of the curve, it is possible to denote that between the ages of 2 and 6,
the BMI for young girls decreases. However, from ages 7 to 18, the BMI centinues to increase progressively. Finally, at
the age of 189, the graph shows a slight sfagnating nature of the BM%::men, suggesting that the BMI index is

beginning to stagnate. ol Sero i Lol

i b (b %
The variables used in this graph and table are as follows:

% Independent variahle: = “What do | change?” ) é]' ’

> The age of the women is changed. ‘
% Dependent variable: ® “What do | observe?”

~ We then observe the change in the BMI value. -
% Controlled variable: = “What do | keep the same?” l’/
# The rate of change in years is always by 1 year.
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L e”pérameters:

% Definition:

o A parameter can be defined as a constant in the equation of the curve that can be varied to yield a
family of similar curves.

o Therefore, according to this definition of parameter, the following could be parameters to the curve:

= Amplitude

" Period . /
v

= Phase shift

®  Vertical shift
% However, the following could also be parameters to the curve: .
= The domain: the age of the subjects being from 2 years to 20 years o_l;/\/
" The fact that only women are being analyzed. ‘ 0/1/
= The fact that these women are only from the United States of America,
= The fact that these values are only medians, therefore do nat denote distribution. .
= And the fact that these values apply only for the year 2000.

Now we will manually create an equation for this graph using a quadratic formula. A quadratic type of equation was
chosen because it provides a certain tvpe of precision due to the exponents to the second power whilst also being
relatively simple to create without the use “use of a GDC or other technological methods (by hand, essentially), v+

In order to create this equation, three points from the graph will be used. These points will be directly taken from the

data table in order to preserve accuracy and create an equation in the form ¥= ax® +bx+c.

& 153=a(4*)+4b+c
153=16a+4b+1¢
> 16.8 = a(10*) +10b +¢

16.8=2100a+10b+1c

= 2 5
< At(16;20.40) g PIA=GUE I 1k -+ /
20.4=256a+16b+lc _

& At(4;15.3)

< At(10; 16.80)

It is henceforth possible to solve this tri-system of equations using matrix algebra:

l_lﬁ 4 1ifal [[153 (16 4 1 a 153
100 10 1}b|=||168 | with [ 100 10 1|=A bl=X 168 |=B .
[256 16 1|c} |l204] 256 16 1 ¢ 20.4 Ve

."JV
+

The laws of matrix algebra state that: AX =B.. A" AX =A"'B . IX = 4B . X = A™'B (due to the identity matrix).

al [ 0.0291
Therefore: X =| b |=|~0.1583 | = Using these values for a, b and ¢ ; a graph using y=ax’+bx+¢ will be created
¢ 15.4666

using Excel modeling the results found through this manual quadratic equation.




‘insert this model into the graph of the original data using Microsoft Excel and observe:

BMI Value
30

Quadratic Model VS Original Data

10 LI —
s=pOriginal Data  —dl=Quadratic Model
0 : : ; :
0 5 10 15 20 Age In years

25

It is possible to observe that although the new model does follow the original date trend until a certain point, it then
becomes un realistic and only regains the trend at the last point.

71.133334

3 1525417 157 0.445834
4 153 153 6.65E-07
5 15.40417 15.2 0.204166
6 1556667 15.21 0.356666 j
7 157875 15.4 0387499
o 8 1606667 15.8 066666 .
g 1640417 163 0.104166
10 16.8 16,8 6.6E-07
11 17.25417 - 17.5 0.245834
12 17.76667 18.18 0.413334
13 18.3375 ) 18.7 0.362501
14 18.96667 19.36 0393334
15 19.65417 19,88 0.225834
16 204 20.4 6.53E-07
) 17 2120417 20.84 0.364166
I T 22.06667 222 T 0846666
n 19 22.9875 a6 T 1387499
20 23.96667 21.65 2.316666

Sumf_B‘GZ v
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Gver, the above table (previous page) denotes the difference in values between the original data and that obtained
through the quadratic equation found. The Sum value of 9.62 is a strong testament to the un-reliability of thi method of ‘
: , . § " S fHeenwg
modeling. Piafur e Fis oM el g e Wil UEe 8l a e S e R e s ’I‘H 4 el
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A new model will therefore be devised and analyzed. This new model will be an equation of cubic form. | have chosen toﬁ%{’ju};&
use a cubic equation as the higher power value will lead to a moy’ accurate result. The values for a, b, ¢ and d will beﬂafﬂ

determined using the “Cubic Regression” function of the GDC,

. . 5 3 ‘ a=-0.0040745301 ¢=-1.27573621 iy
The following values were obtained: for y=ax' +bx* +cx+d
b=10.1535646101 d =18.27287926

Below is a table comparing both models created along with the original data using Microsoft Excel:

smvae  Original Data VS Quadratic Model VS Cubic Model
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It can be observed, by looking at the graph, that the Cubic model does do a much better job than the Quadratic maodel at
mimicking the original data. The new model (in green) almost entirely hides the original data line, meaning that a high
data correlation is present, rendering the model very accurate,

Moreover, a table of differences, similar to that created on page 4 has been created for this model. It states that the
sum of all the diffegg_nces between the original data and that obtained through the cubic function (all absolute values) is
approximately'l.lés»i- a much smaller number than that of the quadratic

modeif'IThus, it can be said that my original
. il 1 : . .
expectations concerning the Cubic equation were _correct, as the cubic

function is much mare accurate than the

quadratic. ] ;{j{;i}? i TR 4G 1 ,
However, the co@i@g@ﬁiﬂﬂ&ﬂ&r this function is approximately 0.9991 — a value which is not to far way from 1
(the perfect correlation); therefore suggesting that a perfect model is perhaps clase by. 1/
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‘be assured that the best fit model has indeed been discovered in the cubic function, we will simulate
pes of models available.

These other models will be: All of these models will be determined using Microsoft Excel.

An exponential regression.

A power regression. ]
A quartic regression. U)’A\/

A logarithmic regression.

BMI Value Original Data VS Exponential Model
25
y = 13.95e0022¢
R*=0.899

20

15 o i A 45

10

5

Age in years
0 T T T Y T
0 5 10 15 20 25
BMI Value Original Data VS Power Model
25
y = 12.31x016
R? = (0.687

20 ESR——
15 //

10 o SRR = =

G " " e e - S s
0 S R : s e

0 5 10 15 20




—— Original Data VS Quartic Model
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L ; .compare all four of the above models against the original data: (gl [ 1%.41;{2,-&,7
_ 5 VMM

St ke Original Data VS All Four Models

‘ 25

20

Through analysis of all 4 different
models, it can be said that the maost
precise by far is the quartic maodel (in ——
red) with a correlation r_cefﬁcien‘t,/ﬁ’f
0.999,

15

The exporential mode! {in purple) finds
itself being somewhat precise, with a
correlation coefﬁci&z\ cf 0.899, the

closast to the quartic fnodel.

~ The iogarithmic and power models {in
brown and worange) both are relatively
imprecise, with correlation coefficient
values of about 0.65.
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o {:ohéideration, I have decided that the model | will move forwards with is the cubic model, since it provides
cquired level of precision (correlation coefficient of approximately 0.999) and does not require complex
calculations such as the quartic model, which itself does not provide any additional visible precision.

-
i

| will therefore use the cubic model to attempt to estimate the BMI of a 30 year old woman in the USA. The followp/
prediction can be seen in the graph and table below:

vd
smivawe  Cubic Model VS Actual Fact
25
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The above graph depicts the cubic mode| up to 30 vears of ag n blue, contrasted with what actually occurs. The cubic
model states that the BMI of a 30 year old woman is the sam€ of an unborn child {nat even in the table). in the USA, for i
women in 2000, it is highly unlikely that their BM] will dgfrease so exponentially after 20 years of age. This therefore if’
makes the cubic model only relevant for the damain 2 8 20 years of age. A new graph will therefgre have ta be created

" in order to sustain the model for what actually occurs. (Nate: the BMI values up to 30 years o)d are accurate, obtained
"from the Mass General Hospital for Children website.) »
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bic function does not model the actual data of an American woman in 2000 up to 30 years of age, a new
must thus be created that will fit the madel clearly. This model will be a merging of a cubic model for the domain
2 to 20 years of age and a quadratic model for the domain 21 to 30 years of age. The GDC will be used to find both the

cubic and the quadratic equations for this new graph. I TS S THE GUATEATIL acpal.
e Sevae [Cubic + Quadratic] Model VS Original Data
20 +
15
:
! 10 e
P
i 5=
%
I 0 —¢—Cubic Model —@—Quadratic Model =—#—Original Data
0 5 10 15 20 25 3pAgeinyears 3g

It can therefore be observed that this new model fits the original data quite precisely. The sum of all absolute
differences being anly 1.131, this model merging is indeed very precise.

1630306904

2 - ...0,09693096 -
3 1571773981 0.017739208
4 15.36619826 0.066198255
5 15.2239972 0.0235972
6 1526668946 0.056689462
7 1546982786 0.069827861
8 15.80896522  0.008965215
9 1625965435 0.040345655
io 1679744807 i 0.00255193
1 17.35789921 0.102100791
12 1803656058 0.143439418
13 18.68898501 o i ) 0,011014933
1a 19.33072531 0.029374695
15 19.9373343 0.057334295
j 6 20443648 e 0084364796
17 20094736963 i _0lo73ese28 |
18 2130190161 _0o0sigoles T
13 2152351356 007648644 '
20 21.5E77583 ) 0.0622417
Sum=1.131
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ill now be applied to BMI data for females from Guatemala. (note, the values found were incomplgte,
{efore, averages were made as there were gaps in between the ages in years — the data may be inaccurate bv’(:ifi
test the maodel regardless of authenticity.)

e e o

BMI Value Guatamalan Data VS Model
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As we can see, the model which modeled the data for the American women so successfully does not model women from
Guatemala (although there is some inaccurate data), This could be due to the fact tha;}(re is a different diet in

Guatemala, that women’s body structures are different from that in the USA or simply that'the data obtained online is
completely false,

The changes required in making this model fit the Guatemalan data would be to change the cubic model for it so be
more fluctuating and to increase the shift in height of the quadratic model. da ‘i’

In all, although the [Quadratic+Cubic] model does successful model the BMI for women in the USA, there are some
limitations that | will now evaluate:

|
|
\
- This model is only for women in the USA, in the year 2000. g /
- The model only works between the domain of 2 to 20 years.l/
- The model is based on average values only. i
- Therefore, the model should not be applied to other countries’ data as it will be inaccurate.
In the end, nevertheless, | balieve that this experimental piece was a success, since a good model was found, although
‘ not replicating and madeling the data from many other countries precisely. .~
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