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Computer PhDs increase arcade revenue? - Correlation

and causation

Total revenue generated by arcades

correlates with

Computer science doctorates awarded in the US
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This graph shows U.S. arcade revenue and computer doctorate grants
between 2000 and 2009. We can clearly find in this figure that the arcade
revenue curve and the computer doctoral degree curve show a highly

similar trend. So what exactly caused this result?

We have prepared the following options for you, which one would

you choose?
A. A Higher income of the arcade increases taxes, which allows colleges
and universities to get more funding to train PhDs in computer science.
B. The increase in the awarding of computer PhDs has led to a substantial

increase in the level of digitization among practitioners, which has
3
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boosted the profitability of the arcade.

C. The increase in the number of computer doctorates awarded reflects the
improvement of the overall residents' educational level, which further
increases residents' income and expenditure, which ultimately

increases the income of arcades.

In fact, any of the above options lack rigorous logic and valid evidence.
So why are the trends of the two curves so similar? The conclusion we can
give so far is that this is just a correlation, or a temporal contingency.

Correlation does not equal causation!

We can also give a more direct example. If you planted a sapling in
your yard as a child, both you and the sapling will grow taller over time. If
we put you and sapling height data together, do you think the two sets of
data are related? We infer that the two sets of data should be highly

correlated, but clearly the two are not causal.
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Are we right about the employment rate? - Simpson's

paradox
Department 1 Department 2
employment employment
employed | total employed | total
rate rate
University
42 48 87.5% 530 560 94.6%
A
University
210 236 89.0% 137 142 96.5%
B

What we now see is a simplified employment rate statistics table. The
table assumes that University A and University B have only two
departments, namely Department 1 and Department 2. It is not difficult to
find that the employment rate of Department 1 in University B is 89.0%,
and the employment rate of Department 2 is 96.5%. Both of these
employment rates are higher than the employment rates of the
corresponding departments in University A. From this, it is not difficult to
draw a conclusion that the overall employment rate of University B is
higher than that of University A in that year.

So is this conclusion really correct?

Let's manually calculate the employment rate of the two universities.
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The employment rate of University A is equal to
(42+530)/(48+560)=94.1%. Similarly, the employment rate of University
B is equal to 91.8%, which can be shown in the following table. This is

very strange, why this result is contrary to our intuitive feeling?

Department 1 Department 2
Total
emplo | tot | employme | emplo | tot | employme
rate
yed | al nt rate yed | al nt rate
Universit 56
42 | 48 87.5% 530 94.6% |94.1%
y A 0
Universit 23 14
210 89.0% 137 96.5% | 91.8%
y B 6 2

The problem illustrated by this example is often referred to as
Simpson's paradox. Simpson's paradox is a phenomenon in statistics. When
several sub-data are combined, the trend in the original sub-data sometimes
disappears or even reverses. This phenomenon is often encountered in
social science and medical science statistics.

In fact, it would be more intuitive to describe the above example in
terms of vectors. Kl = (42,48), KZ = (530,560), then the employment
rate of department 1 is the slope of Kl, The employment rate of
department 2 is the slope of KZ, and the employment rate of University A
is the slope corresponding to A; + A,. Similarly, B, = (210,236), B, =

(137,142), then the employment rate of University B is the slope of
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§1 + §2. We can intuitively see that the employment rate of University A

Is greater than that of University B.
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Are math and physics grades negatively correlated?

- Berkson's paradox

A school's admissions department mainly considers students' math
scores and physics scores when recruiting students. After the admissions
department completes the admissions, it counts the students' math scores
and physics scores. They were surprised to find that students' math scores
and physics scores were negatively correlated. The details are shown in the

figure below.

Math o ©

v

Physics

This result 1s obviously inconsistent with common sense. We
generally think that students with higher math scores should also have
higher physics scores, and vice versa. So how should this phenomenon be
explained?
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In fact, this is a Berkson paradox, also known as Berkson bias, collider

bias, or Berkson fallacy, a consequence of conditional statistics that are

often found to be counterintuitive. The reason is that due to the set

conditions, some populations lack corresponding samples.

Math

Better school

»
»

Physics

Students with high scores in math and physics choose better schools

(red). Conversely, students with lower math and physics scores were

rejected by the school (green) . Neither category of students will be

observed. So the school came to this counterintuitive conclusion.
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https://en.wikipedia.org/wiki/Linear_regression
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Calculations are accurate, but graphs are rough? -

Anscombe Quartet

Some people say "Calculations are accurate, but graphs are rough",
do you agree with this point of view? Let's look at an example.

Now we have 4 sets of data, each set has two variables x and y, and
each variable has 11 observations. Now through the calculation, it can be
obtained that the characteristics of each set of data satisfy the same result
as follows. For example, the mean x of each group is equal to 9, the
correlation coefficient of x and y in each group is equal to 0.816, and so on.

So can we think that these four sets of data are the same or similar?

Property Value Accuracy

Mean of x 9 exact

Sample variance of x 11 exact

Mean of y 7.50 to 2 decimal places
Sample variance of y 4.125 +).003

Correlation between x and y 0.816 to 3 decimal places

to 2 and 3 decimal places,
Linear regression line y = 3.00 + 0.500x
respectively
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Coefficient of determination of the linear

regression R?

We guess that some readers may have thought that these four sets of

data are the same or similar based on the calculation results given in the

table, but is this true?

These four datasets are called the Anscombe Quartet. The four
datasets of the Anscombe quartet have nearly identical simple descriptive

statistics, but very different distributions and appear very different when

plotted.

1
Xy

10.0 | 8.04
8.0 6.95
13.0 7.58
9.0 8.81

0.67 to 2 decimal places

10.0 9.14 ' 10.0 746 8.0

80 814 8.0 6.77 |80

13.0 8.74 13.0 12.74 8.0

9.0 87790 711 8.0
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11.0 8.33

14.0 1 9.96

6.0 7.24

4.0 4.26
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4.0 3.10

12.0 1 9.13

7.0 7.26

50 4.74

11.0  7.81

14.0 8.84

6.0 6.08
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This example illustrates the importance of data visualization when

analyzing data, and the impact of outliers on statistical results.
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5 29 154 18.8%
6 13 85 15.3%
7 24 43 55.8%
8 62 259 23.9%
B 265 756 35.1%
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Is the proposal really supported by the majority?- Error

summary

A company employee proposes to organize a large corporate event at
the end of the year. The company now informs all subsidiaries (8) of the
proposal and collects wishes. If the employee approval rate exceeds 50%,
then the business will host the event. Through the survey, among the 8
subsidiaries, the employee support rate of 5 subsidiaries exceeds 50% (1,
2, 3,4, 7, blue), and the employee support rate of 3 subsidiaries does not
exceed 50%, (5, 6, 8 red). Obviously, the overall approval rating is now 5/8
= 62.5%, and the proposal is supported by the majority.

Is it really like this?

Let's take a look at the specific data.

Sub-firm support total rate

1 25 40 62.5%
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