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2. Coral Falco, Raul Landeo, Cristina Menescardi, José Luis
Bermejo, Isaac Estevan (2012), Match Analysis in a University
Taekwondo Championship

http://www.scirp.org/journal/PaperDownload.aspx?paperID=17208
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s EL EEWaE 4
X; Vi =% | =Y | &=0%| ¢i=9)?* | =D =)

A 100 oA
B 96 74 19.88 25.06 395.02 628.13 498.12
C 95 66 18.88 17.06 356.27 291.13 322.05
D 90 69 13.88 20.06 192.52 402.50 278.37
E 88 64 11.88 15.06 141.02 226.88 178.87
F 86 58 9.88 9.06 97.52 82.13 89.49
G 83 67 6.88 18.06 47.27 326.25 124.18
H 80 52 3.88 3.06 15.02 9.38 11.87
1 75 48 -1.13 -0.94 1.27 0.88 1.05
J 72 41 -4.13 -7.94 17.02 63.00 32.74
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K 7 43 -4.13 -5.94 17.02 35.25 24.49
L 70 39 -6.13 -9.94 37.52 98.75 60.87
M 68 45 -8.13 -3.94 66.02 15.50 31.99
N 65 35 -11.13 | -13.94 | 123.77 194.25 155.05
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P(E%) 62 TS
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SELR:

1.

The Linear Theory of Battleship
http://thevirtuosi.blogspot.hk/2011/10/linear-theory-of-

battleship.html

Battleship: Its Value is in the Playing of the Game (Photo)
http://www.worthpoint.com/blog-entry/battleship-value-

playing-game

Bl 57 15
http://www.i-gamer.net/play/545.html

VA
http://taiwanpedia.culture.tw/web/content?1D=24211

—BlHEE
http://www.angelibrary.com/oldies/sango/sanguo.html

PRI
http://www.puiching.edu.hk/~maths/student/project/calprojec
t/2001/probability/
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1%%”5 oo: Please help me to find the quantity!

School Name: Good Hope School
Names of Students: Lo Hau Yan, Lo Suet Ching, Wong Hiu Wai
Supervising Teacher: Mr. Kenneth Tang

Introduction

John, a new member of the EPD staff, finds that the data of the
quantities of exported recyclable polystyrene and paper are
missing. Being hot-blooded, John is desperate to find out the
solution so he contacts an expert for advice. Through calculation,
John learns more about Statistics and Mathematics, and finds out
different data through a series of methods. Will the newly-found
data be accurate or just another big error?
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To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Seeking a helping hand

Dear Mr. Wong,

Good morning. My name is John Li, a new officer in the
Environmental Protection Department. I am currently working
under Edward Chong, and he has requested me to do a report
about the monitoring of solid waste in Hong Kong. It is

required to use the data collected by the department.

As I am still new to the post, Mr. Chong introduced you to me,
saying that you are an expert in this area and might be able to
give some guidance and advice. Would you please help me

when I come across problems?

Yours sincerely,
John Li
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To: johnli@amail.com.hk

From: chriswong@amail.com.hk

Subject: Nice to meet you

Dear John,

Good afternoon and nice to meet you. I am surprised that
Edward would introduce me to you. And of course, you can
find me at any time. We may continue to communicate through

emails.

Best wishes,
Chris

To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Problems

Dear Chris,

Hello! I am doing analysis about the data of the quantities of
exported recyclable materials by type. However, I realised
there are some problems: the quantities of tin, glass and paper
in 2009 and polyethylene and polystyrene and copolymers in
2010 are missing. Could you please kindly tell me why?

Regards,
John
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To: johnli@amail.com.hk

From: chriswong@amail.com.hk

Subject: Quick answer

Dear John,

Hi! It’s normal for the data of tin and glass to be missing, since
we didn’t export any of these. But for paper and polyethylene
and polystyrene & copolymers, it is not right. Data should be
collected. As I recall, the computer system had a malfunction
when we were inputting the data. Perhaps it was lost at that

time.

Best wishes,
Chris

To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Resolution

Dear Chris,

Hi! Since the lost data of polyethylene is handled by other
colleagues, I just need to mainly focus on paper and
polystyrene & copolymers. Can I use the median to substitute
the missing data? The median is a numerical value which
separates the higher half of the data from the lower half. The

median can be found by listing the data in ascending order. If
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there is an odd number of terms, we can simply obtain the
median by getting the middle value, but if there is an even
number of terms, we take the mean of the two middle values,

thus the median is obtained.

I arranged the records of paper and polystyrene & copolymers

respectively in ascending order of quantity.

Paper:

Year Quantity Year Quantity
1998 392157 2005 792458
1997 439831 2006 934041
1999 533741 2008 1091196
2002 592830 2007 1101969
2003 633307 2012 1162294
2000 644061 2010 1194535
2001 657336 2011 1278366
2004 731446 2009

We have 15 data items in total, so we take the eighth number as
the median. We can thus substitute it into the missing data.
The figure for paper in 2009 is now 731446.
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Polystyrene and copolymers:

Year Quantity Year Quantity
2012 1411 1999 30100
2003 5693 2011 34192
2004 11784 1997 47950
2001 18445 2009 48562
2002 18799 2007 54397
2006 18846 1998 58634
2000 25498 2008 89167
2005 27960 2010

We also take the eighth number and substitute it into the table,

replacing the missing data.

So, the missing figure for polystyrene & copolymers in 2010 is
27960.

Am I right?

Yours truly,
John
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To: johnli@amail.com.hk

From: chriswong@amail.com.hk

Subject: Another way

Dear John,

This could be one of the ways. However, this method does not
take all data into account. Would the median be unsuitable in
this case?

To make it more accurate, you may try other methods.

Best wishes,
Chris

To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Problem solved! (Resolution 2)

Dear Chris,

You are right! But actually, we have just found out the missing
data. Mr. Chong took a look at the records and also discovered
that the data was missing. He had already asked a senior
member to input it back. He found the answer by using average.
He taught me that to average is to divide the sum of the terms

by the number of terms.
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There is a formula:
A=S/N

A stands for average, while S stands for the sum of the terms
and N stands for the number of the terms. Let me give you an
example. There are 5 numbers, 3, 4, 6, 5 and 2. First, to find out
S, we have to add them altogether. The sum of these 5 numbers
is 20. Now we find N. We have a total of 5 numbers, so it is 5.

By dividing 20 by 5, we can get A, which is 4.

By arranging A=S/N to A=a+b+c+d+e+.../N, (a,b,c,d,e stands
for different terms) and substituting the numbers of the past 3

years into it, I can find out the missing data.

Year | Polystyrene & | Paper Year | Polystyrene & Paper
copolymers copolymers
1997 47950 439831 | 2005 27960 792458
1998 58634 392157 § 2006 18846 934041
1999 30100 533741 § 2007 54397 1101969
2000 25498 644061 § 2008 89167 1091196
2001 18445 657336 § 2009 48562

2002 18799 592830 § 2010 1194535
2003 5693 633307 § 2011 34192 1278366
2004 11784 731446 § 2012 1411 1162294

66




Average of paper:
(439831+392157+533741+644061+657336+592830+633307+
731446+792458+934041+1101969+1091196+1194535+1278366
+1162294) /15
_ 12179568

15

=811971 (tons)(to the nearest integer)

Average of polystyrene and copolymers:
(47950+58634+30100+25498+18445+18799+5693+11784+2796
0+18846+54397+89167+48562+34192+1411) /15

491438

IR

=32763(tons)(to the nearest integer)

So we substitute the two averages into the table, and the
missing figure for paper is now 811971 tons, and that of

polystyrene and copolymers is 32763 tons.

Regards,
John
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To: johnli@amail.com.hk

From: chriswong@amail.com.hk
Subject: Wait!

Dear John,

Did you notice that average is actually very similar to the
median? The average is actually affected by extreme data. They
are both inaccurate in this case. It’s your show time, young
man! Show Edward you are better and more intelligent than the
senior staff and give him a good impression! Try to find another

way to arrive at an answer. I’1l support you!

Best wishes,
Chris

To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Could you help?

Dear Chris,
Thank you for your support and encouragement. Nevertheless,
to be honest, I'm weak at mathematics. 1 only know the

previous methods. Could please kindly help me one more time?
I’d be very GRATEFUL!

Best regards,
John
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To: johnli@amail.com.hk

From: chriswong@amail.com.hk

Subject: Linear Regression

Dear John,

OK, I can help! Have you heard of a resolution called linear
regression? It is relatively more complicated, but I think you

are smart enough to handle it. This is the formula:

y=ax+b
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To: chriswong@amail.com.hk

From: johnli@amail.com.hk
Subject: I find it!

Dear Chris,

I used your method and found out the correlation between paper
and polystyrene and copolymers. With the missing data, it is
0.079115312...... Am I correct? Can I carry on the calculation?

Best regards,
John

To: johnli@amail.com.hk

From: chriswong@amail.com.hk

Subject: Linear Regression reminder

Dear John,

I am sorry, John. I forgot to tell you that the closer the
correlation to 1, the more the data are related, i.e. more
accurate. I think this is too close to 0 and the error is big.

Perhaps you can try out more sets of data?

Yours,
Chris

70




To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: I will try

Dear Chris,

Oh my goodness! It sounds this “trial and error” will take a long

time! But anyway, with your support, I believe I can make it!

Best regards,
John

To: chriswong@amail.com.hk

From: johnli@amail.com.hk

Subject: Resolution 3 — Linear Regression

Year | Polyethylene | Paper Year | Polyethylene | Paper
1997 | 12992 439831 §2005 | 79320 792458
1998 | 24694 392157 | 2006 | 115011 934041
1999 | 15108 533741 | 2007 | 503731 1101969
2000 | 16476 644061 [ 2008 | 548064 1091196
2001 | 115653 657336 | 2009 | 333691

2002 | 90556 592830 | 2010 1194535
2003 | 115438 633307 | 2011 | 241442 1278366
2004 | 71675 731446 | 2012 | 43097 1162294

71




Linear Regression of
Polyethylene and Paper
1400000
y=90413x + 636388
— 1200000
< 2=
g R?=0.4089_ 7
S 1000000 o
@ 1 o
2 800000 L 4 Series 1
& $
% 600000
_4? Linear
€ 400000
8 (Series 1)
9 200000
0 , ,
0 200000 400000 600000
Quantity of Polyethylene (tonnes)

This time, to play safe, I changed the data of polystyrene &
copolymers to polyethylene, which has a positive relationship
with paper, having a correlation of 0.639415035...... , which is
quite good. After finding the data of polyethylene, we can find
polystyrene and copolymers with polyethylene with linear

regression.

Using Linear Regression to find out the missing data.
y=ax+b
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To find out a, I used the formula you gave to me. To make it
simple, I calculated it in Excel, by plotting a scatter diagram,
and the equation y=ax+b comes out as y=1.0414x+636388

after calculation.

By setting the missing data of polyethylene in 2010 as X and the
data of paper in 2010 as y,

1194535=1.0413x+636388
558147=1.0413x

x=536004.3785

x=536004(tons)(to the nearest integer)

By setting the data of polyethylene in 2009 as X and the missing
data of paper in 2009 as y,

y=1.0413%333691+636388

y=983864(tons)(to the nearest integer)

Therefore, the missing data of paper is 983893 tons and that of
polyethylene is 536004 tons.
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Year Polyethylene | Polystyrene & J Year Polyethylene | Polystyrene &
copolymers copolymers

1997 | 12992 47950 2005 | 79320 27960

1998 | 24694 58634 2006 | 115011 18846

1999 | 15108 30100 2007 | 503731 54397

2000 | 16476 25498 2008 | 548064 89167

2001 | 115653 18445 2009 | 333691 48562

2002 | 90556 18799 2010 | 535958

2003 | 115438 5693 2011 | 241442 34192

2004 | 71675 11784 2012 | 43097 1411

Quantity of Polystyrene & copolymers
(tonnes)

Linear Regression of Polystyrene &
copolymers and Polyethylene
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Using the equation y=ax+b,
it comes out as y = 0.0875x + 19191 after calculation.

By setting the newly found data of polyethylene in 2010 as X
and the data of polystyrene & copolymers in 2010 as 'y,

y=0.0875x%535958+19191
y=66087(tons)(to the nearest integer)

Therefore, the missing data of polystyrene & copolymers in
2010 is 66087 tons.

Am I correct?

Regards,
John

To: johnli@amail.com.hk

From: chriswong@amail.com.hk
Subject: Good Job!

Dear John,

Well done this time! As this method can clearly show the trend
of the quantities of the exported recyclable materials, it can help
to find a more accurate number. I am sure Edward will be

pleased.
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Yours,
Chris

To: chriswong@amail.com.hk

From: johnli@amail.com.hk
Subject: Thank You!

Dear Chris,

Thank you for your guidance through out the project! After I
calculated the missing data, the IT department also helped us to
recover the lost data. Luckily, my answers are quite similar to

the original ones and my boss is glad:

Polyethylene: 521,804 tons
Paper:1027229 tons
Polystyrene & copolymers: 89,472 tons

By the way, you also raised my interest in mathematics. I will
try to learn more about different kinds of mathematics and of

course, try my best to work for the EPD!

Best wishes,
John

(1553 words)
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{8 2 {F on: Data Missing — Health Missing —

Job Missing

School Name: St. Paul’s Co-educational College
Names of Students: Lai Rachel, Fong Pak Yui
Level: Secondary 4
Supervising Teacher: Mr. Cheng Kam Muk

Introduction

Missing data is unavoidable in a large-scale investigation of any
kind. They can adversely affect the investigation results, causing
deviation that make the actual results completely opposite to the
expected results. Everybody knows this simple fact; but how can

we treat the data properly without being told off as a “liar”?
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Exposition

"Rachel! If you do not produce satisfactory results in this
investigation, you'll have no chance in passing the probation!"
Rachel’s boss yelled furiously. One can never blame him,
however; the business of the fitness centre had been declining
significantly and Rachel was to investigate the problem of obesity

among their clients and thus making suitable packages for them.

Rachel mumbled several "yes" s and went out of the boss's office,
horrified. She did not know where to begin, so she searched from
the internet and received some data on local and overseas

researches.

She discovered that BMI was often used as an indicator of

obesity:

Body mass index (BMI) is a simple index of weight-for-
height that is commonly used to classify overweight and
obesity in adults. It is defined as a person's weight in
kilograms divided by the square of his height in meters
(kg/m?).

o a BMI greater than or equal to 23 is overweight

o a BMI greater than or equal to 25 is obesity

Source: Department of Health

Using this as a benchmark, she generated a list on what she
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needed to find:

O Trend in the percentage of obese individuals

O Comparison of the obese trends between males and females

O Comparison of the obese trends between people of different

ages

O Comparison of the obese trends between people of different

professions

Apart from the asking the height and weight of the clients to
calculate the BMI, which is a numerical estimation towards
obesity, Rachel also decided to investigate into the lifestyles of
the clients. She set a questionnaire so as to know what were the
main causes of obesity and how the fitness company could apply
different methods to pinpoint on such causes and solve the

problem.
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How Balanced are You?

. What is your height? (in cm)

. What is your weight? (in kg)

. What is your age?

O=40 0O<4o0

. What is your gender?

O Male 0O Female

. What is your occupation?

. How much time do you usually spend in sports per week?
O >6 hours [ 5-6 hours [ 3-4 hours
O1-2 hours [O<1 hour

. What kind of sports do you usually take? (please list):

. How many times do you usually take in snacks per day?

OMore than three times Othree times DOtwice

Oonce [Onever

. What kind of food would you take in as snacks?

O Sweets [OSeaweed [ Potato Chips [ Biscuits

&9




Afterwards she asked her colleagues to conduct the survey when

the clients visited the centre during a period of two weeks. After

some hard work of her colleagues, she finally got all the data from

the company's clients and did a rough summary on the results.

The numerical data is as follows:

Males Males Females | Females
aged aged aged aged over
under 40 | over 40 | under 40 | 40
Underweight | 4 (5%) 3(32%) | 10(10.3%) | 16 (12.7%)
(BMI <18.5)
Normal 32(40%) | 38 (40.4%) | 42 (43.3%) | 68 (54.0%)
(BMI 185 -
23.0)
Overweight 21(263%) | 27 (2.1%) | 18 (18.6%) | 11 (8.7%)
(BMI 23.0 -
25.0)
Obese 15 (18.8%) | 19 (20.2%) | 7 (7.2%) 5 (4.0%)
(BMI >25)
Missing 8 (10%) 7(7.4%) | 20(20.6%) | 26 (20.6%)
Total 80 94 97 126

To generate the

trend in the percentage of obese individuals,

Rachel decided to compare the data with a health study conducted

by the Centre of Health Protection two years ago. It was therefore

also listed here:
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Underweight
(BMI <18.5)

58 (6.3%) 159 (14.3%)  |217 (10.6%)

Normal

412 (44.5%) |611 (54.8%) |1 023 (50.1%)
(BMI 18.5-23.0)

Overweight

198 (21.4%)  |166 (14.9%)  |365 (17.9%)
(BMI 23.0-25.0)

Obese

239 (25.8%) 144 (12.9%) 383 (18.8%)
(BMI >25.0)
Unknown/Missing (19 (2.1%) 34 (3.1%) 53 (2.6%)
Total 926 (100.0%) (1 115 (100.0%) |2 041 (100.0%)

Source: Centre for Health Protection, HKSAR, April 2012

The Problem

However, a problem arose from the results of the study conducted
by the Centre of Health Protection: how could the results provided
by the Government be "unknown" or "missing"? Rachel had not
supposed that such a thing would occur while conducting a
survey. She was even more appalled to find that the results

received from her colleagues was even more serious, with 15.4%.

"It is impossible for a person to have no height or no weight, isn't

it? This is really a vital question..." she frowned.
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The Reasons accounting for the Problem
Rachel called Pius, a secondary schoolmate of hers. Pius was
working in the Census and Statistics Department, so she knew

that he was the perfect person to answer her questions.

Pius and Rachel met on the next day at a cafe, while Pius
introduced to her some of his favourite tea. Rachel then lamented
on what she had come across — the missing information of the data

collection.

"Oh, I see. This must be the problem due to missing data." Pius
hypothesized, "Missing data refers to unknown values or
absences in the values of a data collection. They could greatly

affect your report if you do not treat them in the correct way.”

"Oh right..." she rolled her eyes. "So what are the exact reasons
for the occurrence of missing data? My colleagues only explained
with vague reasons like 'the participants do not want to reveal

their weight'. "

"Well, this is precisely why missing data occur!" Pius replied,
"missing data is caused by the respondents themselves. For
example, if one person was too busy to come to the centre for the
two whole weeks, and another refused to reveal his weight, there
would be no stored data in the corresponding collection. What do

you expect about their results then, Rachel? "
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"I have no idea about those who did not turn up at the fitness
centre, but for those who did not answer, I guess their heights or

weights are usually more embarrassing." said Rachel.

After some discussion, they generated some more possible
reasons for missing data:

Possibilities of Missing Data: Missing not at random (NMAR)
What is meant by NMAR is that the data is missing because of

the quantity it wants to collect (i.e. the dependent variable
itself). In this case, it is more specifically the heights and
weights of the participants. Since NMAR is caused due to
certain preferences in giving away data from participants, the

remaining data is usually biased.

ﬂ»:} What if they are really obese and do not
2 "é@;—w wish to give away their weights such
{J- T that they could avoid being teased at?
== :}959
7’) Or is it that they do not want to leave

w-edipit their  sedate  lifestyle so  they
deliberately left their ‘weight’ blank?

Could it be that they are so short that they fear A(
e

Q

showing the other people their real height?

All of the above speculations are due to the
preferences of the participants. Therefore, the

(2
lll:l ?
I

,]
cJ,J-L Lﬂ[ﬁ

data is missing not at random.
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Possibilities of Missing Data: Missing completely at random

(MCAR)

This means that the data was missing not in relation to the

independent and  dependent
variables.

The participants did not turn up at
the fitness centre, but there is no
explanation why. However, this
leads to missing data since they
should originally turn up but they
did not.

Another possibility is that Rachel’s colleagues forgot to take

the heights and weights of the participants. Therefore after the
fitness programme, the row for heights and weights was left
blank.

All these data were missing not due to the bias of the
participants, but due to the setting and the external conditions.

Often, MCAR data are less significant in creating a bias; so

somehow they tend to be omitted.
Source: Missing Data and How to Deal: An overview of missing
data by M. Humphries

Rachel then talked about the missing data in the questionnaire.
Handing to him the questionnaire she designed, she explained," I

have also asked guiding questions to find out how people develop
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obesity. Nevertheless, most respondents simply left them blank!"

6. How much time do you usually spend in sports per week?
O >4 hours [ 3-4 hours [ 2-3 hours
O1-2 hours [O<1 hour

7. What kind of sports do you usually take? (please list):
8. How many times do you usually take in snacks per day?
OMore than three times [Othree times

Otwice Oonce DOnever

9. What kind of food would you take in as snacks?
O Sweets [OSeaweed [ Potato Chips [ Biscuits

"Now I understand.” With a cheeky smile, he responded, “Not
saying that I have perfect hindsight, but you should have told
them the aim of the investigation is to provide a tailor-made
course, or even provide discounts for them. That way, they
would surely accept the questionnaire. Also, instead of asking
your colleagues to inquire the clients’ height and weight, you can
simply measure them directly. Not only all the data -- if the
person shows up, that is -- can be collected, you can also reduce
the errors arising from variances between each balance or ruler.
Besides, you can also add a ‘others’ in list questions instead of
giving rigid closed answers or open-ended answers. This way,

they will have no excuse to say that they have no choice in the
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answers.”

With a slight pause to make sure Rachel understood, he
proceeded: "Open-ended questions frequently receive blank
answers, right? This is also another reason why missing data
occur. You cannot sort them, but they are still counted. Moreover,
for question 9, if the respondents failed to find a suitable option,
or if they had answered ‘never’ in question 8, the answer would
be blank. This is a default in the design of the questionnaire, more
commonly known as ‘skip patterns’, and it is sometimes

inevitable because it is applicable only to some people."

9. What kind of food would you take in as snacks?
O Sweets [OSeaweed O Potato Chips [ Biscuits
O Others (please specify: )
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Method I. Listwise Deletion
“What? It seems like I have made a disaster!”” Rachel was startled.
"Calm down... for clarification, can I collect some of your data?"

Pius said calmly.

Rachel then randomly selected 20 sets of data collected from one

of the centres for him:

Client | Gender | Age Height | Weight BMI
(m) (kg) (kg/m?)

1 F 48 1.51 48 21.05
2 F 18 1.63 53 19.95
3 M 21 1.68 58 20.54
4 F 41 1.31 31 18.06
5 M 46 1.84 79 23.33
6 F 53 1.66 N/A N/A

7 M 28 N/A N/A N/A

8 F 37 1.54 49 20.66
9 M 52 1.86 84 24.28
10 M 30 1.93 80 21.48
11 F 20 1.34 N/A N/A

12 M 45 1.67 73 26.18
13 F 35 1.69 70 24.51
14 F 39 1.70 66 22.84
15 F 64 N/A 71 N/A

16 M 41 1.85 75 21.91
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Client | Gender | Age Height | Weight BMI
(m) (kg) (kg/m?)

17 M 22 1.83 86 25.68

18 F 33 1.61 N/A N/A

19 F 59 N/A N/A N/A

20 M 19 1.42 37 18.35

*fabricated materials

“To generate results, I simply removed

those with missing data
(i.e. Clients 6, 7, 11, 15, 18, 19)

and arrived with the following:

1. The Mean = 22.06 kg/m?
Standard Deviation = 2.436 kg/m?

A Box-and-whisker diagram

(as on the right).

Box-and-whisker
diagram after listwise

35
33
31

29

(¥
~

BMI (kg/m*2)
SR US

-
w

deletion

==

1

Just by referring to the results, we can see that the mean BMI is

much lower than the definition of the World Health Organisation.

Furthermore, in the random sample, only two out of fourteen

people are obese, that is 14.3%, indicated in yellow. "

"Well Rachel, you have done quite a good job! Listwise deletion,

which you have done, is a method in removing missing data.

Although this is rather easy, you can see that the data can be
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utterly different from the reality. Here if I re-input the data as

follows:

Client | Gender | Age Height | Weight | BMI
m kg | (kg/m)

1 F 48 1.51 48 21.05
2 F 18 1.63 53 19.95
3 M 21 1.68 58 20.54
4 F 41 1.31 31 18.06
5 M 46 1.84 79 23.33
6 F 53 1.66
7 M 28
8 F 37 1.54 49 20.66
9 M 52 1.86 84 24.28
10 M 30 1.93 80 21.48
11 F 20 1.34
12 M 45 1.67 73 26.18
13 F 35 1.69 70 24.51
14 F 39 1.70 66 22.84
15 F 64
16 M 41 1.85 75 21.91
17 M 22 1.83 86 25.68
18 F 33 1.61
19 F 59
20 M 19 1.42 37 18.35

99




Mean: 23.89 kg/m?
Standard Deviation: 3.82 kg/m?

Percentage of people overweight: % x 100%=35%

Comparing the two sets of data, we Siscsni bl

can see a difference in mean BMI of diagram of the counter-
) . example

over 1 kg/m?! In addition, there may .

be a great loss of data after listwise 33

deletion, in this case we have 61, 31

]
L]

and this may leave with us a

~J

blurred, misleading image of the

W v

actual situation,” he stated. “Only if
the missing data is MCAR, listwise

BMI (kg/m*2)

[
O e

deletion could be a good method in

-
~

doing so.”

-
W

Method II. Imputing the Mean

"The second way is to impute data like what I have just done. You
can straightforwardly input the mean or the median in the missing
spaces,” said Pius.

“But of course, putting the mean height and weight would not be
that rational. Imagine a 1.34 m person weighing 64 kg (which is
the mean weight of the 15 clients)! Wouldn’t that be funny!
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“Therefore, we must consider the relationship between
variables. Putting the original mean BMI (22.06 kg/m?) would be
a better option.

To calculate the heights and weights, we can derive them from the
mean BML.

Take Client 6 as an example. Since she is 1.66 m tall while her
BMI is 22.06 kg/m?, her weight is (22.06 x 1.66%) kg = 60.789
kg.”

Client | Gender

*The boxes in green signify the iterated mean BMI; the blue boxes
are the heights and weights calculated from it. Clients 7 and 19
cannot have the missing values substituted because their set of
data is completely missing.

Mean: 22.06 kg/m?
Standard Deviation: 2.1486 kg/m?

, 2
Percentage of people overweight: m x 100%=11%
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“The bad thing about this method is that the bias still cannot be

minimised. The variance is substantially weakened.” Pius said.

Method III. The Linear Regression Model
Rachel smiled, but she didn’t seem contented with inputting the

mean either.

Pius further offered help. "How about using the linear regression
model? If we generate a diagram of the known heights and
weights of the respondents like this, we can arrive at a best fit
straight line.”

The correlation between weight and the square of height
y=28.296x- 16.82
° . ’
80 .. L

Weight (kg)
L 4
&

1 15 4 2.5 3 3.5
Square of Height (m"2)

And we impute the data as follows, which accords to the formula
(y=28.296x — 16.82) given by the best fit line of the graph:
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Client H? (m?) BMI (kg/m?)
6 1.66>=2.7556 22.19
11 1.34%=1.7956 18.93
22.88
18 1.61°=2.5921 21.81

Mean: 21.92kg/m?
Standard Deviation: 2.276 kg/m?

. 2
Percentage of people overweight: m x 100%=11%

“As for the missing data like clients 7 and 19, you can just take
any point on the best fit line. This may make the whole piece of
data closer to the average. Moreover, you can find a formula on
which you can depend to match different sets of data.” Pius said
as he nodded his head. “However, we are assuming that we could
fit all the data on a straight line. In this case, the variance is
weakened and the bias still exists, although it is already slightly

reduced.”
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Method IV. Multiple Imputation

“Oh yes, Rachel. I’ve been recently studying on a widely accepted
method in missing data, and your investigation has come right
into the place,” Pius said happily.

“What? What is it?”” Rachel was more than eager to know.

“It 1s called multiple imputation,” mused Pius, “by generating
several regression models like the previous one, we can have sets
of data making use of all variables.

“However, the whole computation may seem a little complicated,
but actually it is very suitable for a person who is greatly in need
of it like you. “By using statistical software named SPSS as stated
here, the data will be analyzed and imputed according to the
different variables. The software then generates regression
models, characterized by vague regression lines. Therefore we

can arrive at these sets:
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Dataset 1

Client

Height (m) BMI (kg/m?)

Weight(kg)

6

1.66

7

11

15

18

19

Dataset 2

Client

Height (m) BMI (kg/m?)

Weight(kg)

6

1.66

7

11

15

18

19




Dataset 3

Client

Height (m)

Weight(kg) | BMI (kg/m?)

6

1.66

7

11

15

18

19

Dataset 4

Client

Height (m)

6

1.66

7

11

15

18

19




Dataset 5

Client

Height (m) Weight(kg) BMI (kg/m?)

1.66

11

15

18

19

Afterwards, you can take the mean by combining the five sets of data:

Client

11

15

18

19

BMI (kg/m?)
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Overall, the following is therefore obtained.
Mean: 22.15 kg/m>
Standard Deviation: 2.142 kg/m?

2
Percentage of people overweight: BT x 100%= 10%

Box-and-whisker Box-and-whisker Box-and-whisker
diagram after listwise diagram of the counter- diagram after
deletion example multiple imputation
35 35 35
1 33 33
3 31
» 2 29
£ : -
s ]| 3 35 ]
5o i 3o

21 21 21
19 19 19

Practise the same steps over the rest of the data, and soon you will
have everything done. Although it may be a little time consuming,
technology can extend a helping hand. Moreover, I deeply believe

that the time consumed is much worth it.”

Rachel was filled with excitement and gratitude. "Thank you! I'll
modify the data by imputation, most likely by the multiple
imputation. I shall generate a more accurate result and secure my

job. How can I ever thank you?"
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“Good luck! Let us have another cup of tea next time!” waved
Pius before he left.

Denouement
It was two weeks later. Rachel's boss had read the report and was

surprised by the progress she made.

"Thank you. I now have a better idea on obesity and there must
be a way to revive our company. Impressive! Congratulations,
you passed the probation period. What's more, I will offer you a

pay rise!"

Rachel was delighted, not just because she could get her dream
job, and most importantly due to the fact that she finally
understood that the “mathematics” that she put away years ago
would really prove useful in a field completely irrelevant to

mathematics.

Missing Data seems to be quite of a trivial problem in statistics,
but somehow it can make the whole result quite biased. Deletion
may be a simple approach to the problem, but imputation is a
more modern and safe method in tackling missing data. Often,
imputation involves more complicated methods, but it is more
reliable in reducing the bias. But deep inside, she knew that none

of the methods could generate 100% accurate data, but only
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estimations. Improving the collection of data would be more
essential in solving this problem rather than the method used to
remove missing data. | can improve my method of collection to
avoid missing data, Rachel thought to herself, but at the
meanwhile, why don’t we have some tea?

(2486 words)
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SETHL
1. Google Maps JavaScript API 25 3 il
https://developers.google.com/maps/documentation/javascri

pt/?hl=zh-tw

2. FemtuxiE | 7-Eleven® Hong Kong

http://www.7-eleven.com.hk/store-locator.aspx

3. kyle's Blog — Google Map API-4& 5155 72
http://kylesheng.blogspot.hk/2013/09/google-map-api.html
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(http://imagine.gsfc.nasa.gov/docs/teachers/galaxies/transparenc
ies/trans3.html)
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