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Year |CPIGFES) |AHIEEE) FERHIRE (3) S\ TRGRARE ) ()
2001 97.8 445 928 1373
2002 94.8 683 973 1656
2003 92.4 847 707 1554
2004 92 1225 996 2181
2005 93 1254 1082 2336
2006 102.4 1359 1166 2525
2007 104 .4 1549 1268| 2817
2008 108.9 1690 1260 2950
2009 98 .4 1795 1164 2959
2010 100.7 2268 1335 3603
2011 106 2810 1382 4192
2012 110.3 3490 1372 4862
2013 115.1 4074 1356 5430
2014 120.2 4725 1359 6084
RS ALL CPI(iZ&)
2000 70.6 08.4
2010 70.1 100.7
2011 71.3 106
2012 70.3 110.3
2013 70.5 1151
2014 70.5 120.2
|REEE (REER ThEsFE R TREEFEIY BB
CPIGF | (31 - ($10,000-  [($20,000-  [($30,000-  |$40,000 or
Z515) $9.999) [$19,999) $29,999) $39,999) above
2009 984 63.85 70.42 71.89 70.13 72.82
2010 100.7 66.21 69.57 70.58 70.6 73.29
2011 106 731 71 73.2 741 724
2012] 110.3 68.4 63 70.8 66.9 73.8
2013 1151 65.31 68.24 71.56 70.14 73.3
2014| 120.2 70.2 63.7 72.2 69.4 727
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B 2EZEm: My Brother vs My Mother

School Name: Sha Tin Government Secondary School
Name of Student: Tong Yung Ching
Level: Secondary 5

Supervising Teacher: Chan Sai Hung

Introduction
Every day we produce statistics and correlation, even when you

are taking a shower.

Life is full of figures and numbers. If we carefully select them and
think about them for a moment, they will tell us some truths and

possible reasons.
Struggling between a lovely brother and a caring mother, Darren

has to judge whom he supports. At midnight, only regression can

inspire him.
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Darren frowned at a pile of envelopes on the desk, then he glanced
at his mother’s long face and his brother’s red one. The unpleasant
confrontation between mother and brother were staged endlessly
every day. Yet he did not want to show his stand. He chose to be

the neutralizing state during the Cold War period.

The door was slammed shut with a raucous clang. Mother hissed.
Still, Darren could not put up with this anymore. Sneaking back

to his own room, he dialed a number.

Hello? Can I talk to Alicia?
Hello, Darren. It’s midnight. What’s the matter?
I’m sorry about this, but I can’t really sleep.

You sound terrible. Are you sick?

o » 9 >0

I wish I were. Instead mother and brother have been bickering
for a couple of months. I’'m fed up with that.

A: I guess your brother is six years old now. Is he facing some
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sort of problems?

D: You know there is a persistent inflation in Hong Kong. We’re
a small family; however, we’re paying more and more water
bill. Since brother bathed on his own, he’s been staying in the
washroom longer and longer. The water keeps running as he
takes a shower.

A: So your mother blamed him for wasting water and increasing
charges.

D: I have nothing to say. I don’t know if it’s true that brother
contributes to our cost of living anyway. You must be thinking
my family is ridiculous. Now brother sometimes baths three
times a day. Sometimes he baths for more than fifteen
minutes.

A: Three times and fifteen minutes, you sure?

D: Yes. I did count it. He insisted that he needed everything to be
clean, neat and tidy. If I talk to him, I will only make him more
repulsive. On the other hand, mother is upset because I didn’t
speak for her as being the elder son at home.

A: Your situation is quite embarrassing. Well, the only solution
is to find out who is right so that you can talk to them both

with strong reasons.
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: How could I do that?

A: You can make use of simple linear regression. In fact, it’s the

maths homework I’'m working on.

> Recession?

A: Not recession, it’s regression. A regression studies if any

association exists between two factors, which means “are the
two related?” or “how are they related?”. Its analysis is a kind
of prediction derived from the historical relationship between
an independent and a dependent variable.

. If I process a linear regression, I will know if it is my brother’s
fault and I can help cope with the argument. Alicia, can you
teach me now please?

: Um...alright. You’re so enthusiastic suddenly. Start by
gathering the information we need, the water bill in the past
twelve months and the mean time your brother spent in
bathing each month.

: No problem. I’ve been very sensitive to the figures.

A: As we’re looking at whether increasing bathing time leads to

an increasing water bill, the water bill should be taken as the

dependent variable y.
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Table 1: x and y variables

month water bill &) Mean time spent for bathing/taking
- variable y shower in minutes—> variable X

10 210 2

11 222 2

12 222 3

1 246 4

2 227 6

3 276 8

4 279 10

5 280 13

6 300 15

7 333 16

8 319 19

9 363 20

Total | 3277 118

Mean | 273.10 9.83

A: 20 minutes! How could your brother bath that long?

D: Who knows? But I'm still very confused about what the
regression is.

A: Don’t worry. We can do it step by step. To study how the two
are related, first you need to construct a scatter plot with

bivariate observations (X, Y).
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D: Let me do it right now with my Excel.

A: In simplicity, the regression formula involves generating a
best—fitting straight line in the form of y = ax + b through all
points. However, we can get a formula even if there is no
relationship among variables. So it’s important to examine the
trend of the points before carrying regression analysis or it
will lead to bias or other misleading outcomes.

D: Good news. The points appear to cluster linearly.

Graph 1: scatter plot and the regression line

My brother's time spent for bathing
and my home's water bill last year

400 .
2 ....‘.l ....... .
= [ . IR RO ®
E 200 .».. MR
: _
3 y =7.1106x + 203.16
g 100 o

0
i > 10 15 " ,
time (min)

A: Moving on, we need to exclude any outliers that diverge
significantly beyond the original observation range. Note that
an outlier can greatly affect the slope and y-intercept, and

affects the accuracy of the regression line then.
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Graph 2: effect of outliers

My brother's time spent for bathing and
my home's water bill last year
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D: That’s true! Excel gives the formula y = 7.1106x + 203.16.
Where does it come from?

A: As you see some points will lie above or below the line.
Therefore, we need to minimize the average vertical distance
between each of the predicted value of y ( 'y on the line) and
the real value of y (data points) as it represents the errors of
prediction. We call the vertical distances (y —Jory —y)
residuals. Both the sum and the mean of the residuals equal to
Zero.

D: Then negative residuals may be resulted.

A: Therefore, we make use of the Ordinary Least Squares
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Principle to get the smallest sum of squares of all residuals
12

Z:(yi —ax, —b)* to eliminate the cancelling effects of
i1

positive and negative distances.

. The formula looks sophisticated to me......

: Calm down! This symbolz named Sigma simply sums up

the things going after it. The 12 above is total number of data
points and i=1 below indicates to repeat and to run this
formula from 1 to 12. The whole expression helps add up all.

: That’s clever.

A Basically, for all regression formula, we have

Z(Xi - X)(Yi - )7)

a=—-x , where b is the constant and a is the
Z(Xi - X)2
i=1

b=y-ax

coefficient of X

: It sounds like some terrible mathematics!

A: Statistics is not as horrible as you think. Just like linear

regression which is a very useful tool at workplace to draw up
commercial decisions. For example, a company might want

to decide how many advertisements should be placed on a
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street. Don’t give up!

D: You’reright. ’'m carrying out an important mission. Come on,
please continue.

A: Remember the trend line must pass through (X,Y) = (9.83,

273.10), the averages of variables.

y=ax+b
=ax+(y-Xa)
=a(x-X)+y
=a (X—X)+Yy —— Substitute X into X
=ax(0+y
=y

Nowadays, researchers seldom calculate by hand. Excel can
give us a detailed output. The random pattern along the x—axis
in the residual plot also indicates that this linear regression

model is appropriate for the data.

Graph 3: Residual Plot
20
. . . ¢
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T 2 2
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X
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Graph 4: Line Fit Plot
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D: By observation, actual data and predicted data are quite close
as well. I see. According to the result, I can deduce that...

A: Hold on. We can’t rush to draw a conclusion when we haven’t
considered how reliable the data given is.

D: How can we test for the credibility of the statistics?

A: Well... now, we can focus on some essential elements of

interpreting regression coefficients.

Output Summary
(Graph 6)
Regression Statistics
Multiple R 0.957837
R Square 0.917451
Adjusted R Square 0.909196
Standard Error 14.83352
Observations 12
Standard

Coefficients Eiiar t Stat P-value Lower95% Upper95%
Intercept 203.1623 7.894622 25.73427 1.8E-10 185.572 220.7526
Variable x 7.110613 0.674483 10.542329.78E-07 5.607771 8.613455
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A: You will notice that Coefficients+Standard Error =t stat. The
last column gives an interval of the slope.ie. It is 95%
confidence that b lies between 5.607771 and 8.613455.
Multiple R is the absolute value of Pearson’s coefficient of
correlation between the predicted value and the real value of
correlation between the predicted value and the real value of

y. For your reference:

2=y 204 =X)(Y, - )
—'1:21 and r = — il — ,
\/Z(Xi_i)z \/Z(Xi—Y)z\/Z(yi—V)z

where —1<r <1

b=rx

D: What is the correlation?

A: You can treat correlation as an index of strength of a
relationship between two variables. Correlation does not limit
to cause-and—effect only. r’> is the coefficient of
determination. It expresses the proportion of the variation in
y which is explained by variation in X:

{Z(Xi - X)(yi - Y)}

2= i , where 0 <r’*<1

\/Z(Xi _Y)z \/Z(yi _7)2
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D: In the third term, how is the r square adjusted?

A: Adjusted r’is obtained by the computer after adding some
extra predicted data points to fit the model, i.e. to penalize
adding more data to fit the model. It is always smaller than
the original r*. Comparing the two, you will know whether
the regression model is genuinely better or if it has more

predicted values only.
2 2, -1 .
M agj =1- (1 —-r )—2 , where n = number of observations =12
n —

It reflects both the number of explanatory variables in the
model and the sample size. You get it? Darren? Hey...... are
you still here? Don’t fall asleep!

D: Oh, yes. At least I get a framework of the whole picture. In
general, the higher the value of r’is, the higher the accuracy
of the regression formula can be obtained.

A: Right. There is no strict rule regarding the minimum value of
r’, you can consider 0.5 as the benchmark. In our formula,
the coefficient of determination equals 0.917451 which
implies about 91% of the variation in water bill can be
explained by its relationship to the bathing habit of your

brother.
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: Isn’t it quite correlated? I’'m so disappointed. Mother’s word
is not nonsense.

: Still, the goodness of how well the calculated linear equation
suits our data cannot solely be justified byr*. Don‘t be sad.
Let me introduce a simple method, Hypothesis Testing, to
you. If our formula passes the test, it is recognized. Before
that, we need to understand what a statistical hypothesis is.

: Hypothesis? I heard of it during one of my science lessons.
Scientists suggested a hypothesis before designing
experiments to try to prove the propositions they asserted. If
they fail to do so, the hypothesis will be rejected and they have
to keep bringing up other possible theories for testing.

: The idea here is similar. Since it’s too hard and costly to
examine whether all the data is real, we often test on a random
sample instead.

- I suppose there are only two cases; the statistics are
convincing or else.

. True. It’s important that we state two clear assumptions with
no equivocal area. One is the null hypothesis (denoted by H )
means that the sample observations result purely by chance,
while the alternative hypothesis (denoted by H, ) suggests the
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opposite.

H, : The slope of the regression line is equal to zero.

H., : The slope of the regression line is not equal to zero.
Applying it to our situation, if H,is true, the water bill is the
same no matter how long your brother baths. Then your
brother does not have any responsibility in raising your
home’s charges because no relation between them exists.

If H,is true, the water bill is probably influenced by sort of

a hidden factor behind (say corresponding to the time.)

: Now the two hypotheses are mutually exclusive. If one is true,

the other must be false.

. To evaluate the null hypothesis, one of the approaches is the

P—value method. P—value is to let us know how our data fit

with the null.

: That is easy. In the following step, we can simply reject the
null hypothesis when the P—value is unusually low.

: You’re not entirely wrong. Any significance level can be used
from 0 to 1. Usually, we choose 0.01(99%), 0.05(95%) or
0.10(90%). When the P—value is smaller than the significance
level, the null hypothesis is rejected.

: Pick 0.01 as our significance level. Back to our regression

output, the P—value of the intercept is 0.00000000018 and that
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of the distance is 0.000000978. Both are much smaller than
the significance level. We cannot accept the null hypothesis.

A Indeed. The decision rule is alike in another approach. Imagine
we have included the data of IQ scores of the entire population
in the world within a generalized distribution graph; it will
appear as a mountain—like diagram. And the mean value will
equal the 1Q score with the highest distribution. Do you know
why?

D: Is it because most people score in the median range?

A: In fact, two-thirds of the population scores IQ between 85 and
115 while only about 5% score a very high or a very low 1Q.
There is then a region of acceptance represented by the area
under the normal distribution curve. Those who score
exceptionally high or low IQ will fall into the critical region

(region of rejection).
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Graph 5: Acceptance and rejection regions for two-tailed testing
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D: So if the test statistic falls within the region of acceptance, the
null hypothesis is not rejected; otherwise, it is rejected.

A: Yes. Here, we use a two-tailed testing. Both extremely high
and low values of the test statistics indicate unusual situations.

D: To sum up, the more time my brother spent in taking a shower,
the more fee of the water bill we have to pay. Using our
formula, he will only take a longer shower later, thus results
in a larger payment.

A Your conclusion is sound only under certain conditions. Be
aware that your brother might attack the weaknesses of your
statement.

D: I know he always have a lot of excuses. I’d better think of

some counter arguments beforehand.
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A: Based on the simple linear regression result, we only consider
the period around this year, where most of our data points lie.
Extrapolation, meaning to predict the values of water bill or
your brother’s consumption time in the far future, lacks a
ground due to many other fluctuations.

D: You’re right. Our information is very limited. We’ve just
carried out a simple linear regression on two variables while
neglecting other possible factors. In reality, the Water
Supplies Department calculates on a tariff structure consisting
of four tiers with progressively increasing prices. Brother
would like to point out he is not the only one using water. |
also drink and bath. Mother also consumes water for
cleansing, cooking, drinking, planting and so on. How can I
persuade him to cut down on using water when bathing?

A: Relation does not necessarily imply causation. Coincidence
exists all the time in daily life. There are often multiple factors
ending up with a certain phenomenon.

Then here, for instance, one possible form of the equations
maybe Y=aX +aX, +.....4Dwhere xi, X2, ... etc. represent
different factors.
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Nevertheless, you can emphasise the significance of one of
the causes. Tell your brother that no other family members
takes a bath as frequent and as long as him. In this case, your
brother is likely the dominating factor among all.

D: I’ve learnt a lot today. I’ve never thought about statistics can
be so down-to-earth. Using simple linear regression as a way
to look at daily issues is so fascinating and meaningful. From
your voice, | can hear that you’re exhausted. Thank you for
listening to me, Alicia. We should really sleep now. It’s 2 a.m.
already.

A: It’s Okay. I do hope your brother will know how to protect the
environment and conserve natural resources. It’s school day
tomorrow. See you!

D: See you!

(2498 words)
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B EEfR: Hot Pot Dots

School Name: HEEP YUNN SCHOOL
Name of Students: Cindy Kat, Karen Lee, Hebi Wong
Supervising Teacher: Mr Y.C. WOO

Introduction:
During winter, it definitely makes one’s day to have a hot pot with
all sorts of delicacies. However, with the temperature on the rise,

it is a reasonable prediction that the sales of hot pots will drop.
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Miss Wong: Let’s have some good food! It’s on me by the way.

Cindy and Karen: Thank you Miss Wong for your professional

advice along the way.

Miss Wong: I'm really proud that you won a business
proposal writing competition. The presentation and the floor
time just now must have been nerve-racking but you totally
nailed it. Well done guys! You are almost like professionals

now. OK... What do you guys want to order?

Karen: Am I too greedy to want a hot pot?

Cindy: I don’t feel like having one because the temperature is
much higher than yesterday. Rice with two choices of sides

will do for me.

Karen: Right! Not many customers are ordering hot pots here

though it’s the best choice in this restaurant in my opinion.
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Miss Wong: Both of you are quite observant. Now, this is a
real-life example of what we learn in BAFS. One of the
operational functions is about forecasting demand. A smart
manager would consider different factors, like the
temperature, and then adjust the amount of certain dishes
accordingly. Like me, I would want chilled noodles with such

weather.

Cindy: It’s only natural that there is a positive relationship

between the temperature and the number of orders of hot pots.

Karen: Don’t be sure! It’s unprofessional and unscientific to

jump to the conclusion.

Miss Wong: We should also collect data about rice with two
choices of sides and chilled noodles. But let’s order our lunch

first. Waitress!

After ordering lunch, they also managed to get hold of the

sales data.
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Miss Wong: Actually we can make use of scatter diagrams to

figure the relationship between the temperature and the sales of

various type of food. I think that’s well within your ability!

Karen and Cindy: OK!

Date (°C) Sales
ie.Xi | Hotpotie.Yi Chilled noodles Rice  with  two
choices of sides
1 20 19 93 83
2 19 25 86 78
3 17 30 70 101
4 18 29 79 88
5 16 45 66 96
6 15 51 63 94
7 16 48 68 86
8 14 60 54 75
9 12 75 35 95
10 13 67 41 110
" 1 80 26 108
12 9 101 " 94
Total 180 630 692 1108
Average | 15 525 57.66667 92.33333
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Karen: The higher the temperature, the lower the sales of hot

pots, right?

Cindy: There secems to be no relationship between the

temperature and the sales of rice with two choices of sides. ..




Karen: Oh good! Indeed, the higher the temperature is, the more

the quantity of chilled noodles sold.

Miss Wong: Actually, we can use more professional and

scientific methods to prove the correlation.

Date Temperature(°C) | The sales of hot pot
Xi Yi

1 20 19

2 19 25

3 17 30

4 18 29

5 16 45

6 15 51

7 16 48

8 14 60

9 12 75

10 13 67

1 11 80

12 9 101

Total 180 630

Average | 15 52.5

76



Relationship between temperature and the sales of hot pots
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Miss Wong: we can input the figures into the formula to arrive at

the correlation coefficient.
12
Z(Xi - Y)(Yi - )7)
i=1
12 5 12 ,
sz—x) szi—y)
i=1 i=1

‘o —75.8125
V1760.9+/10.16667

r=-0.991535259

r =

Miss Wong: Using exactly the same methodology, we can arrive

at the other two data.

Sales
Hot Pot Chilled noodles Rice with two
choices of sides
Correlation -0.9915 0.9944 -0.5026
coefficient relative
to the temperature

Miss Wong: In fact, the value of correlation coefficient lies

between -1 to 1. The stronger the correlation between the two

variables, meaning the scattered dots form a straight line, the value

will either be closer to -1 or 1. Conversely, the closer the value of
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the correlation coefficient is to 0, the weaker the correlation

between the two variables. This is it!

Negative correlation No correlation Positive correlation

-1 . 0 4 1

Karen: Oh I understand!

Karen and Cindy: Thank you Miss Wong.
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2014, Beijing, China. Retrieved from

https://sites.google.com/site/paulcheungpolo/lectures—and—

presentations

2. Lee Rainie, Sara Kiesler, Ruogu Kang and Mary Madden,
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B s H SR R AR - BAEEEEUT
THEETEAGHER > RRETON - FEMTES
REZRENWNEBRBAHZIN - B " atavER
HRpl - TR TAL > ZEEE B - SRR EEER
BBERARNET] - HH EREENAE - SEZMEENE
A BB > RGP AR - AR EE
H HY 2 [0 22 A 40 W {12 JEE 52 B R 4e s T M s e iy =B
o ISRt SR A AR R -

SHEEZEFEGATHESE > LS RKEEE R > #—
{EECEEIE - 2 S OB B B YRS - BRI
s AR B LB U R - IR A o A
R oA (G 1E - BN > (EEBGE R 50 KA A

EIRGE V-2 K > BRI SE B R R B B R &S5 1 1500
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B RET 7250 A - SRR V-2 KEREa
P B ERAZ EF KT IR SR TR IE - SRR E
o EE TSNS A AR WL B S
JHIER > B4 https://www.youtube.com/watch?v=MCdIBc¢__ 3kg
#1% YOUTUBE 4iF -

By TR RS E ARG - LB ED s o Bk
A EEIE? EEBUTEA (%R - TR EEEE
e V-2 KETRERRME B IR - S U2 BEMRELEY - SEERY
M RBEARE - EREBUF N & K25 i (R.D.
Clarke) BB - HRHERE - St w7 /AT AR
FE > HAPEERRIEH BT - AERK > BE
FIFH MRS ffi(Poisson distribution) 2 5347 FRGHAY 73 #fi B2 75
PEREECE - M SR mEEEE DL 0.25 SE A B —/NEBE
o7 Ry 576 3R > WARIRSETER » £ —/ N NE&REEREE T
EE - 45T RN

NEIRAFGEE H | BE/NESREVEH
0 229

1 211

2 93

3 35

4 7

58 DLk 1

kg 576
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T FTUCER VS - 48 537 HORGETETE 576 SRR
RN ERAFIREEE A K 2372 =0.9323 -

Bt o SR e SR ARG A o R (E Ry 0.9323 BYIEFRSY
i A ? S M /NG REEE X KIE

X A—0.9323
P0(0.9323) » HIl P(X :x)zw, X=0,1,2,.. - fRiE
X

BT A LETRRGEE A FE/NE IRV EE - B
B H -
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TR | RE L R | BT B AR (Po(0.9323))
B P
O 229 0 932 0 ,—0.9323
% x 576 = 226.7
1 211 O 93231e70.9323
%576 =211.4
2 93 O 93232'e—0.9323
o *576=985
3 35 O 93233 -0.9323
% x 576 = 30.6
4 7 0 932 4 —0.9323
% x576=7.1
5 & 1 H 1 | 0.93‘2309’0'9323 003236 % 0.9323%6 0
L
0.9323%e"”*  0.9323%¢""* x576=1.6
T
R 576
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AU > BURRIZ RN - TR MR ERL o BE2R
B R TRGE R % B = fE R ERAE — L2 A8 N (HEET &k
> EERE LRI — R - ISRy MR - R
SRR R H AT > RGO R AE A H R AYEUA AR
AR © FeRrEERER] o 2 MG E 8, (The goodness
of fit test) HREBURENERURMETHIE » EawtdE - =
WEFPR - Hopa A -

HES— IS EEEN: HEEETEAE L% T - 5
BIBHARS W FEFEAREE - 7R % - —IL
FEIEE B 1985 4 11 HIESLBA4- 3R R —priE &
B EEE > AT - A IREB /D
EEREfyfEan » 55— IR AIEE Ry 18 B e AF A 48 5o B VAR )
5L e B E dn o HITR K © RRERE fiE E e iy H AR
Fam AR RITEEL - MEH % > BERFRASETEE
Efron B Thisted ff—4% Science &l FH)B T —F X E »
ERVERSET A  BEEER e S RIS LERRaAE

IV ECE R ERN: EABEEHATEE @ fFlEEn
FEHY - BLEFEERAVEE > ZRALER - 12
7> b sE ERIRY P A (F ani AR & TR tE
s FT AR T E > B E T AR RE - Lt
o E i Z ST EUR 884647 - HL AT 14376 (EAH T A H
IR0 4343 EMHR T TR 2 X 2EfELREIE 31534
EHZEY > E A 846 {E IR EEHE 100 - APLLAELRIE
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antf o IR TEERAY - gEE R LY - BE
FEIEHER > A 429 {#% - BRIV ELEEwrE - IR
St EIFmryE R - 1&1??%?@&“% FEHE e
ARHIR - HHER 1R 2 o K BhsadifEEtE -
W s > BIEE B G IRE ﬂ@é\ |

E#55¢R? Efron 81 Thisted 375K MES o M{fTE
) AP RAVEEA - FHEEEAHEL? EERARE
BN Z A E - S R T BRI - 2
Efron J Thisted JRE%&Ar 8370+ Ehan [FIRFCHYEF ATE MoK
e - SR E RS T o ML Z2E R T = yb Ao than
ERRAVEF A - SEIEH—EF - KSHUE S thaEfrfE
HYEF - BLiE SR ErEhEs - &8 3 MM E GRIE AL
Bt eaMERY R SCR ) - FIRE AT =55 AR RIS Ith
SRS EFRFHBRARE Z EREEEHER RS -
i TPk EERY IO & 75 T Eh e iVETY - BB A A& - HLERYKRER
B2 - MISRET 2R > I AB AR B
o LEEEERT S - EEFEAFZERAER a1 S thenny
Zﬁfc%#ﬁﬂ@A o =GR FHI T o KR REE
% > MR TGS R AT A 1L
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Thomas H. Davenport, Jinho Kim(2013) Keeping up with
the quants: your guide to understanding and using analytics.
Harvard Business Review Press.

2. V-1 Flying Bomb (2011) Fieseler Fi 103 (Vergeltungswafte).

Retrieved from:
http:// www.youtube.com/watch?NR=1&v=0QY308042Ur4
&feature=endscreen

3. kbR EE - HNE:
http://www.stat.nuk.edu.tw/cbme/math/appreciation/pdf/17
—content.pdf
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BEEm | #IEEEINERIEE —
TR R

BAEREGET R ESE 2 ERFE L

51

R FHEE R LB A E B RS EIEESE
FELZ T EEEE - KRR O RN ESIHHEEK
Ry —(HEAREIFRIBEEIEE » BEON e ERETET HE B
CIES (International Centre for Sports Studies) > 2015 4 6
H#RN—EE > EXEE S EA B = FIRI A
R ZEEERSEQ2.55 B2 2.81 (BEUT) » HEE LVE
BERF(1.35 (82 1.49 [BEUT) > B EREEEN CRIZEE
(113 &£ 1.25 {EE0T) - BRENSHEZFI KT ZE
R 7 — AR RNRMBK BFE&EH S LAV SR 240 B
ZEENTIGNRLE - BEP e G EAR
ATEE ?
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BEHR MKE eI EEE(ERET) $E{E
1 EH 255.3-280.8 268.05
2 BIER 135.4—-148.9 142.15
3 C.ERZE 113.3 -124.7 119.00
4 ER% 89.6 — 98.5 94.05
5 Bo) o5 B 78.2—-86.0 82.10
6 SPIEE 73.7-281.0 77.35
7 =0 70.3-77.3 73.80
8 oS EHEE 69.9-76.9 73.40
9 o] 2 Bfr LLI 7% + 67.8-74.6 71.20
10 RS EE 62.5-68.8 65.65
11 BRIDERHN 60.0 — 66.0 63.00
12 £=90)5°8 59.0-64.9 61.95
13 JAEETINER 58.7—-64.5 61.60
14 YEE 57.2-62.9 60.05
15 IEARERE 53.5-58.9 56.20
16 MEXREM 51.3-56.4 53.85
17 BRI 50.4-55.5 52.95
18 mERE 50.3-553 52.80
19 BHTR 475-523 49.90
20 EHS 44.6 - 49.1 46.85

(2% CIES Football Observatory Monthly Report, Issue no. 6 — June 2015)
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ERACKEEY T 2R B EEm TR e Bk | Ry il ST
FEGEH) - B TEHELR - DUNERATAH 258 R
[ElfE

300 b y - -0.5025% +5.3571
T RY = 09621
250

200 ” =58 "'--.u.,.“q’
150 o N[ ) 3

(= E oS

L
00 e 2

*raa
i
LR
cccccc 1

o o
0 5 10 15 20 o i 3 a

e IN(HR4E)

& — 2 E Lk B B AP E ARV UL E o BRATE
28 BERAAIR VR B B ERAUE - EEIR DAY AN R4
P TLVE S BiER NERE Z R ZRBE - Boa A
HHER IR NS B AR E N & Z MR 4 - (0] S E

AT E AR AR E - AHRBRE r = —0.9808 FoRHA
EAHE SRAY SRR (5 > BRI > Al T
2 In(5fE)=75.3571-0.5025 x (FE%4)

B AR AR 1R - — (5 R BT B (=t

E@“m%“

ARG - BR AN B EELE SRR A IR SEE - ISRy
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PREA % > BLE I AR 25 5 PROR SR AT AR AL D) Ay 4K BRIA I
— ERER -

BRERE

MREMR (Zipf's Law) EUEBGEE 2R E 6 - A -
K (George Kingsley Zipf) an %Y ESRE R - /£ L&Y
THEA . BREHREFRERAERIFERERT - S0
(James Joyce) FrZdy&Rm/NaiE (ILFIFERT) (Ulysses) H
E = Pt A &l bR > S HH B A A 2 5 e 28 I ek 325 15 BEL Y
o fla > 7 —FEfEE I 2653 X HEHE 105
“say” —gAltER 265 W 0 HEFAE 100 ;5 “bag” —gE H R
26 > HEFAE 1000 o BAEEHT - 2 Lo P A RIBE R TefE i
AAEE > R MORREREAE R HRERYEES 248+ - e

FIEFIEL (f) BLEHEE (k) PR f =%

i

I

AR L E R I A LR T A
tRLIRE SO A A1 - (EAASERIE (Brown
Corpus) H1 » [ IR IR “the” (69971) » Z R ZHI4F
B % “of’(36411) IYNIFE - B » BAERMERZES
LGP E BB » TR RS LS L 2SR
REEMA—EANENSE s (ETEE— R 7R
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F-C

kS
BT RS ER SRR n[ 50 DL NG
In(f)=1In(C)-sxIn(k)

N EE SR 2 R IR E 5 - H fR B B el A Al By
In(f)F1 In(k) By ECELE - ANECFTA Y BT AT A A — R E
G N E LR R e o T e D) R E AR RER
e SRS HIEETHE -

HBHE > HRERAARNEE S BEERGEE > F5
PRI Z 38 P R B 20 RS G T B HY &t h - Bl
ANCIHIBHZE - TEIERIBESEEA LD SEFE 2014 F£4h51
YT A 8 AT R R AL ] > fE H AT (Dl — B4R AYRE (R m]
R i ADBEBEAS R EEEHEVGH - FE L /&
RIEHISRAIH &R A A OB - B RS LAY
SR -
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2014 =EA+X@mAO
16.5 -
16 y =-0.7006x + 15.586
15.5 4 R?=0.9786
15 - *
-
14.5 - .
WADT) * v,
135 - "un..
s .\
125 4
12 T T T T T T T T 1
0 0.5 1 15 2 2.5 3 3.5 4 4.5
LN(BES)

(BI1EZE: United States Census Bureau)

S— ARG T2t g PR E i - TEZRE 2015
FRAMEEEEN > § o HIEZNEEFEEEIEHA
FYBCRSE - 1 P 7 o] DABERE RS R E AT HERT ©

2015 SFfEMTE A EE5
(ERLMEETEENNEETE)
6.5 -
6 -
5.5 - O y =-0.8994x + 6.123
R?=0.9628
5 . . .
LN[RF ) .
45 - . .
4 - Tt N
L
35 - *ee
T
3 T T T T T T !
0 0.5 1 1.5 2 2.5 3 3.5
LN(HER)
(18R Forbes)
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EHS—fAYE > RIS R E EE AR —(E A
By N AHEEHIME 34 AR E AR n (B NCFTEARY
& - AR A BV EER ARG UL NG TR

N
1 1

% Z Z Z 2
_l—‘ S S S
k kS ) =k

DA EEFEERY s~ 0.9 » DIk

N =7000000, n=0.2xN =1400000 & A =z » A& HEE®R
&K 0.815 « HAEJEESR - R&YA 81.5% B E B ERIE
20% ANFH > BHERFEBEEREFEFSL - HET
(Vifredo Pareto) F.j7> 1896 gAY — ) EFE(EE 80/20
ERADEEY)G o MR EEEET 2 F - 25k o0 a4 S iH
THE M — (BB 1 - BB DT AV EEREAE E
GHEAN DRI -

B 7 DAL R {18 e F e il v b R ARy B 1 AR/ DER
S S At SO i A5 Y B P s R DI R o AT
RIEFRF 8 A P HA RSy NAERR > B RS
R G R E - EUIERBRREFRLOREE
& R H BRI RN ~ R BPTHY SIS ~
R4 - DNA FHEFFHIEARS -
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TR R

I E T — &8 B0 A Rl > AR 2 4 b R P S P
15 B1RLA SRV SR o (HAT N AE S R B
FA R YR 2 e & - RS [REA DB Ay EER - B
KR R g B E ki — A - IR E Ctiet 7
—([E " f/0&Z2 JJJE ] | (Principle of Least Effort) : AJERZAE
At - EE—E R E R - S REMAR VSRS
FIE R 4 © R E B A & K A% - A
GBS T A TRAV R 28 5 B S (R A & i
[ R - IREEF 3 B - &R EH R KI5
T AR R R VBRI o B AR E ] DA R
HoAth 5 ZRIH G TR AVAR A

SHEBRRR > BRERIIERE - A ZERERER
HYE ZRGESR o DIEEE R > EEe I MIIEEsE az FIZEREHY
27 {E5 e AN BB I S D T AR H OO - R
& Z MRy & R R — [ OB o A
“dfs sa_ouoie coivoer i yen zw” i5 | fEféH) 1 |, FrEt IR
T dfs, sa, ouoie, coivoer, i, yen, zw i3 - {[E B 5E o FEf&E A AT
s o IRV KBt AV - HEfE8uhg T - 12
Pt A e 78 AR 1Y B EE (I L LN B Bk e 1% EORR Ak
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Sk BIPERE LG, BE s (EEETR 1 -
R B SR RAGER 1992 4F BRI T — (B
S R A U — AR R
BB RGN - R BB R R S 4
SRR + 2 PR S 5 2R 0 -

£ 2015 ) > FEIWALRSCEESE - FH] - #& (Henry Lin)
PLOAAISE - {8 (Abraham Loeb) 2t 1 —{E&r—H5m
EREAER TSR ~ R - SR IRER S R EH R
RIEFBEHAR - MM 4 Vi — (8 A g
{EHIBERAEAY > PG A {180 2 FEE Ik 117 Y 2= i 4 U s R A
2o iaRe o DUERI R B B e S A R R
tb > SEHE R 2 - NIER B EFREE LA AL
FEFH 2y AN LAY EER AT | (e i B B B 2
BB R RE R - #EME L - HALEE AT A BT
WG (msEERD & EAEE - MFIEAREE - Hag—H
s ] DA R — U AR A 1 B Ay a8 o kRl - HEBL T Ei Y
SR ERY - EEERE > ARHE TR T RAE—
Ay SRR AR DR
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Zipt GK (1949). Human behavior and the principle of least
effort. Journal of Consulting Psychology, 13:224-224.

Newman MEJ (2005). Power laws, Pareto distributions and

Zipf’s Law. Contemporary Physics, 46:323-351.

L1 WT (1992). Random texts exhibit Zipf—law—like word—
frequency distribution. IEEE Transactions on Information

Theory, 38: 1842—1845.

Lin H and Loeb A (2015). A unifying theory for scaling laws
of human populations. arXiv:1501.00738v2.
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Zipf’s Law and Beyond (Lecture Notes in Economics and

Mathematical Systems). Springer.
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BEE{Em ;. miUEi—EEEaiEt

BARREGETAFEE 2 BIRREL

5I5

FE (L (Data Visualization) ¥R < B¢ Ry —{ 5 F 7] Z4HY
EH o EZEAERERE T - FAIE AT E B EIFEE - fl
WAL (New York Times) | F 8 nl 7L feom 5= B 251
H 1900 DIRAYACURERMN : FFFEE(Times Magazine)
I R 8508 P R LRI RL Al 7 R B 5 N I Y 72 52 Bl i
#H(The Guardian)fFE R4 EKSEI 2007-12 HISEH A BT :
FEEUF4H A% (Non—Governmental Organization, NGO)FI| F 4%
A B AT O RS T B AR S A B AR e -

A S HYRBUREF(Big Data Era) - SR n[ G EEEGE
HE - i FEE S EENBIRER - DI RERENE
B SN HEENE - AR TR A B e R
I E R EER ¢ B ERE o BER rT et A DUE R EEE

1. http://www.nytimes.com/interactive/2014/08/13/upshot/where-people-
in-each-state-were-born.html

2. http://content.time.com/time/interactive/0,31813.1549966,00.html

3. http://www.theguardian.com/news/datablog/2011/mar/29/death-
penalty-countries-world

4. http://mastersofmedia.hum.uva.nl/2013/03/21/what-is-data-
visualizations-goal-ngos-and-real-impact/
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FHYER S A ROt EE R R -

HE R SR Y T R A S A0 T T — {8 A S B AR
b IR EARO S RE AR T -

R Tllinsky and Steele (2011) » — (A TR LE L
FOUETE R4 © (1) HIIEE 1 () SENEE D ()
R () ARG - BF L - EUETER
R %R (Sequential) ] -

NHR G ERREETE

(1) B

FE I —(E B FT R b Z Al > EILHIEEH] (Statement of
Goal) EEHEHY > [NRA—(EHEN H IR A A ENE &
INBAEBIZ PTRAEA - BRAELL— (R B A 1] R ZC -
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B 1
CETRERER

BHH 2
"FRIEAREIINRRNS T » & hE AN SRR -

gAML > AZHH 2 RESuHE I —(EELR IRy B - IS RESY
RIEBRAERIE AN B BN A - f£5] 1 HAEEY]
YR - HE AR DL N T Y R RS 5

() FEEV BRI EAIEEAEARE
R AR R AL 7
- RS (EER T bR ?
© BEERCE(EEER A b EE I ?

(b) TEBIERE TS EHEE & ARECE
VIR kS DA ava (L eIk vl
A I (E R AT AR 7
BT A T S (H R AU B P S G B E T 2
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2) RE

B A eI H AR B — (8% nl BT
fig > —fE ] AE 3R AV 1B S HE AT A By B A & AR —
BRI B R > 2RI E B T L T RE g B R Al —
R o FI—{E CNN1£ 2013 SE#ERIIE Rl T TRIES<E] 2010
FAYANOREE - BEhEAY N Ry 341,817,095 > 415RAE—
RS InAyHE B — B AR —EA - ERgEEE=
(EAREAE — Mg i e _E R L3R (AN e > R RESZRo Rl —
AR N U e =S B A B DN W 37 7 A&/ =
REHTERBESIREE

A& :http://edition.cnn.com/2013/01/22/tech/new—interactive—

dot—map—aims—to—show—every—person—-in—the—u—s/index.html
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B FRAT T 2E (B vl LAY B I R E A [ R &Y
FEES M (Racial Distribution)® » I A 7@} (Race) =6
0 DAFEBENARAEEE - g E4A L TaVEE ]
L -

A& http://demographics.coopercenter.org/DotMap/index.html

B EEAL— A B BOE —(E 88 TR AL A - DU AR
T RS A -
BAEA AR AT Ry 2
IRAF 7 H fE %85 & B {%(Variable Relationship) a] fE7<HY ?
FRRLARIFTE Y BT SR B SR % -
AES R EIE I BRI E S EE R r R LA ?

5. http://demographics.coopercenter.org/DotMap/index.html
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(3) Ziw
FERTEIHD B > EERE T 7 R By SR 12 R R (A 2
& - AR EREBR AT UE N HYRAE - T E S AT
R
W] DL R RE AR B R R B NI S B R (5 2
B ENGRTE (layout) 1 HfER (axes)
PRI AT I P E XL HY B AR A

BIANLL M EAREIRF R 2010 SE#E 1956-2009 R R B E1E
B {ERR IR (5 - & > B TE AN 51E - (Time
Series Plot) K2 UM EM SR HAYEL > DUR(ERIEL
ffiilEl (Scatter Plot) 253 %E = (A% AR Bk B HIRH % - {2
NEHVEER TR R TR U EASE TRV E RS S
BLEEAVE - JERNERDE (layout) M1 Bk (axes) JBUAE
—EIHEGHIECE LA - FFRIEREUR T 1973-74 foim5EE
1980-81 BEJH/EH% > 2005-10 JH{ESGH -
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METRICS 7,000 mi. 8,000 mi. 9,000 mi. 10,000

Miles driven per capita each yoar == 5,000 mi. £.000 mi. 7,000 mi. 8,000 mi. 9,000 mi

5}5/),? . http://www.nytimes.com/imagepages/2010/05/02/business/02metrics.html

(4) r&=

L EHE P A LAY R AR P BRI DR e AR 2 IRIB AT IR TR E
HEPE ~ WEMASRE - DU AT — s A R BUREIE R
SRR RS EERNEIENE B AR LA - T
HERBI T2 82 (LA Times) R 2007-2012 HfR] &
H RS S B Y P2 [ fERF ] (Response Time) - AT
e AL R R A [ R > BIRDGE e b BT
SRR O] e - RO 4 o TR S (AR
BARIBIT- > BEEERVEEE At T —(ERERAIRT - ]
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e aZHE © HI 0 BT EDKER B ER R LS > 5
s R LIt R R AR B EEE - BIAUAY A
B TR 2R P85 R T R s S s B AL -

= - .' e
oo o L Ea XA .

r T AF | LY
!_Im ast is LAFD where you live? ¥ * = S o

- i Troea Dt Dok = P T

AZJE - http://graphics.latimes.com/how—fast—is—lafd/

FE L B LA EHERNEEENEE S H AR Y EE
2 > 41 Illinsky and Steele (2011) FEHLDL NAVESE ¢
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Properties and Best Uses of Visual Encodings

Example Encoding Ordored Useful values Quantitative  Ordinal  Categorical  Relational
® &® position, placement yes Infinite Good Good  Good Good
1.23AB.C  textlabels optional Iinfinite Good Good Good Good
{alphabetical
or numbered)
-— length yes many Good Good
. ® . size, area yes many Good Good
angle yes mediumfew  Good Good
""Il . pattern density yes few Good Good
weight, bold yes few Good
. . . saluration, brightness  yes fow Good
... color no few (< 20) Good
. . > shape, icon no medium Good
|||||| @g pattern texture no medium Good
@. enclosure, connection  no infinite Good Good
...... line pattern no few Good
— line endings no few Good
—————  line weight yes few Good

m Noah Iliinsky = ComplexDiagrams.com/properties » 2012-06

A& - http://complexdiagrams.com/properties

= piF

HAESJE Zachary’s Karate Club FYERIE(E B —(EEIEH
T EEERHEERCE T 1970-1972 R —FTREARYZETE
Sgdm 32 L& 82 MR A B RHIHE 4848 (Social
Network) » HIfYE T —{TELANE John A FI—{7ZEH “Mr.
Hi” S4B 2E » BHZETESENH > —FFEIRE Mr
Hi pO7 7 —(E#ZE T ES2E - Herevg BRERE T
HrHVERTAIA & & BCGE 782 TE - WEHENEE
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L AAE GG _ BB N -

®
® o ®
®e @
@ @ ® ..
® ® * ®@ °" . &
® e o l.
o o ® e o @® o°
o g &% - I
7 N I S me ..
® ® g Py ® ... @
@ o ® 4
It s
@@ ..:IS

— Rt > FEASHEAS AT EIE S DIt A 484% B (Social Network
Diagram) BURHIZK o DUE ETWE RG> BB AFR
—frg & ; BEilE Mr. Hi fI1 John A 43HILL 1 5%R1 34 553
o FLVE 34 (EETPHIREMEEE - - 28T fETAL L
& RO H TSGR AT REFNA LIRS - (HEE
fir & 2 5L F (E AR A\ aV B A KRR TRER 2K

BEIA TR B R B (82 T2 G Y ANKER (% o] &

AaEH R EAE EAE - B AYI ORI IR SRR — 4L
RIEE Coy B FRoR o3 E W (B 22 T 2 G YT RL > K4
WAL RS GEas R o g B BARH i A\ IRy 5R 53R (% - 1€ B E
AR R g BERIRABEHCSE g E SHY

6.  https://networkdata.ics.uci.edu/data.php?id=105
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Vg ByER XIS > HEGR R - PLEAE A
BEEAA R SEEwEELLK -

g, 4a4h

Bf% o et B A LR —EEMIEE - &P EEEN
HZEIEE % » Rl B REIREIERE - L —(EE%
E@%ﬁz?}‘é%ﬁﬁfbﬂz—{l?Eﬁﬂmﬂiﬂﬁiﬁf o —J7H > BUEE
REEAHRAEE S - R EE REENEREE - Pusiit
R B G —(E R Y TAE - 5590 BRE BB 4S TR
HAMAR TN E &SR Frll SR E LR
— (& SR PR BRI 72 ERE
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2EGER
1. Illinsky, N. and J. Steele (2011), Designing Data

Visualizations: Intentional Communication from Data to

Display. Sebtastopol, CA: O’Reilly.
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CE-NE-AFETPEAGEAIERFILENERZ R

Ht
FH

R BRSSO RS %
REREHL > BEREGETORESE A
bRt 2

PRR S BUFSET R

PRfE B St > BURFStETI

BOSRIE » BUNSRETIR

TIHELL > BUNYGETR

E
E{%}[
Eft
5y
H

4
KA
>
=
pillin
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HEH FIEZRS|

()RR RS T SRR ME S
(5) R R S T R SR Y Y BT —

(5) SRR TR I S BT

(T9) BRI EEE
(I)  BEEM: @G B
ON)  BEVER: EEE AR
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