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Overview

BLOCK 1 DATA, POPULATION AND SAMPLES

¢ Mean, mode, median

e Spread, range, standard deviation, variance
e Exercise

BLOCK 2 PROBABILITY DISTRIBUTION AND SAMPLING ERRORS
e Normal distribution

e Sampling errors and estimating mean

¢ Non-sampling errors

* Exercise
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Why do we measure data?

 Empirical based research rely on test data.
e Measurements makes it possible to test the theory.

e Statistics requires data as values.
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Continuous and Discrete Data
Quantitative, numerical information based on measurements and surveys

Hour  Metroom heat W] Met Vent. heat ['W] Gross heat demand [kw'h HP production [k'h] B, heat conter Elec
1 43061 6531 627 65 17.4
4 43337 5743 63.2 63 174
3 43645 E 912 E3.7 Ed 17.4
4 43303 T 064 Gd.2 64 17.4
S 50204 T 232| 54.?' 65 174
1 L0332 T 361 85.1. ES 17.3
T 50653 7513 655 65 16.5
& 32083 9937 5.2 ES 0.0
=] B0 358 7095 TEA1 BS 0.0
10 54313 5370 46.5 G 17.4
il 10452 2838 14.9 15 17.4
12 173 1023 13 0 16.1
e ] 0 00 0 161 ‘ }00}00]‘ ]o}oo]o}oo}o]o]
14 0 134 o1 0 5.9 = L L . L - L S
5 ] 396 0.4 i 5 o Lol e o0 - -
16 a 445 0.5 0 15.0
17 a 433 05 0 4.5
13 u] 1763 13 u] 126
13 a 2633 23 0 3.7
20 12626 3208 17.8 25 17.4
21 12360 3782 158 13 17.4
z22 13253 4 301 13.7 20 174
23 13607 4 836 207 21 17.4
>d 13915 e MR e 17 d
Continuous data Discrete data
Values in to the data set can take any value (within the measurement Discrete data has only a certain number of data and can be counted
range)
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Data Organization Guidelines

Utetemp. PC]

00 4000 5000 6000 970«

e Screen your data before you start your analysis and ensure
commonsense consistency

— continuous variables - histograms, scatterplots, boxplots

-30

— discrete variables - tabulate, bar charts Effekt belysning [W]
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Garbage in = Garbage ouk
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Population and Samples

* Population = all possible
observations of concern
(finite or infinite)

e Sample = subset of population

We usually work with samples,
not the whole population.

* To avoid bias we need to
choose a random sample

Sampling: Random vs. Convenience

Simple random sample

Sampling error due to
“convenience sampling”

University of

South-Eastern Norway 9/30/2019

<Title of presentation>




Statistics

- Reading Value

Descriptive statistics allows us to summarize information about a sample. ; g:
A ltisthe simplest way to understand your data sample. 3 4'1
4 5.1

_ 5 5.3
You have a sample of 14 readings of the same system. 6 4.7
7 6.2

What is the general tendency of the data? 3 39
Mean, median, mode, max, mean 9 4.8

10 5.6

What is the variation in the data set? 11 7.5
Range, quartile, standard deviation, variance 12 4.7

13 4.2

14 7.1

University of . .
lSN South-Eastern Norway 9/30/2019 <Title of presentation>



Descriptive statistics

Step 1: Arrange and plot

Arrange the data in ascending order helps to see what is there.

Plotting data helps in your intuitive understanding of the typical
data value and range.
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Reading  Value
8 3.9
3 4.1
13 4.2
6 4.7
12 4.7
9 4.8
4 4.9
5 5.2
10 5.6
7 6.2
1 6.4
14 7.1
2 7.3
11 7.5
o o o

7.5
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Descriptive statistics

Step 2a: Mean

The sample mean is the arithmetic average of the data
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Reading Value

1 6.4
7.3
4.1
5.1
5.3
4.7
6.2
3.9
4.8
5.6
7.5
4.7
4.2
7.1
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Descriptive statistics

Step 2a: Median

Median is the middle data value in a sorted list of data.

For an even set of numbers in a data set, the median is the
arithmetic average of the two middle values.

University of

South-Eastern Norway 9/30/2019 <Title of presentation>

6.5

Reading Value

1
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75

6.4
7.3
4.1
5.1
5.3
4.7
6.2
3.9
4.8
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7.5
4.7
4.2
7.1
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Descriptive statistics

3
Step 2c: Mode .
@
[ =]
B g
52
Mode is the most frequently s
. o
occurring data value. 5 4
L
=
=
0
39 41 42 47 48 49 52 56 62 64 71 73 75
Value
o oo oee ° ° o o e o o
3 35 4 4.5 5 55 6 6.5 7 75 8
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Descriptive statistics

Step 3a: Range

Range is the range from maximum to minimum in the data set.

Range = Max value — min value

University of . .
South-Eastern Norway 9/30/2019 <Title of presentation>

o—0 ¢
75

14



S\

Descriptive statistics

Step 3d: Standard Deviation

Standard deviation expresses how much the members of the group deviates from the
sample mean. It is a measure of the data scatter:

e Low standard deviation: data points are close to the mean, low scatter.
* High standard deviation: data points are further away from mean, high data scatter.

For estimating the standard deviation based on a sample, we use n-1 degrees of
freedom (independent pieces of information):

_ B - ®?
Tl a1

s=-1.23 s=+1.23
o o0A XX ® L 1 o—o A
3 35 4 4.5 5 55 6 6.5
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Reading Value

1
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Descriptive statistics Reading Value

Step 3e: Sample Variance >

S 3 4.1

4 51

Variance tells us how far the data set is spread out relative to the ) 5.3

mean, and relative to each other. 6 4.7

7 6.2

PGk 8 3.9

n—1 9 4.8

10 5.6

. . . 11 7.5

A high variance tells us that the data points are further spread out 1 47

from one another. 13 49

14 7.1

You cannot plot variance on the same line as the data — the unit is

squared. Standard deviation i$.23.

Variance i4.50.
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Exercise 1:  Statisctical Process Control

Material CNC Heat

inspection machining treatment i CMnding

Thread Dimensional

—> Coating |gxg

rolling control

* You need to know how long time it takes to manufacture a part made in an established production line.
* The production process has seven steps.
e Determine the central tendencies of the data registered for 10 production serial numbers.
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Exercise 1:

Plot the data

Calculate:

Mean

Mediane

Mode

Range

Standard deviation
Variance

What do you see in the data?
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Descriptive Statistics
Registered hours per production step for 10 equal parts

3 = 3 @ g 5
g5 | 3 § | o5 | ® 5
- T - - -
: % S 5 £5 g 2 EE
x £ () T (ORY = (S} O o
Estimated 0.80 2.00 3.25 4.90 1.20 1.30 1.30
SIN 1 0.6 2.48 2.72 4.31 1.22 1.5 1.3
S/N 2 0.6 1.75 6.36 4.85 1.32 15 1.3
SIN 3 0.6 2.12 2.55 0.85 1.7 1.5 14
S/N 4 0.6 3.22 4.87 8.2 1.18 2.5 1.4
SIN5 0 3.45 2.55 3.9 1.67 15 1.2
S/N 6 0.6 1.63 3.37 3.09 1.47 1.5 1.3
SIN7 0.6 2.74 3.01 7.65 0.27 15 1.3
S/N 8 0.6 1.95 2.4 4.1 1.94 1.5 1.3
S/N 9 0.6 2.38 2.76 5.58 1.6 15 1.2
S/N 10 0.6 2.42 2.13 4.74 1.2 1.5 1.3
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Exercise 1:
Registered hours per production step for 10 equal parts

= o £ £ = = c

% ) 3 i = © 2 o '%

£ 3 5 = 5 8 8 = €5

3% | 2 S | £5 | & s | EE

X S @) T O = O O o
Estimated |  0.80 2.00 3.25 4.90 1.20 1.30 1.30
SIN 1 0.6 2.48 2.72 4.31 1.22 1.5 1.3
SIN 2 0.6 1.75 6.36 4.85 1.32 1.5 1.3
SIN 3 0.6 2.12 2.55 0.85 1.7 1.5 1.4
SIN 4 0.6 3.22 4.87 8.2 1.18 2.5 1.4
SIN5 0 3.45 2.55 3.9 1.67 1.5 1.2
SIN 6 0.6 1.63 3.37 3.09 1.47 1.5 1.3
SIN7 0.6 2.74 3.01 7.65 0.27 1.5 1.3
SIN 8 0.6 1.95 2.4 4.1 1.94 1.5 1.3
SIN 9 0.6 2.38 2.76 5.58 1.6 1.5 1.2
SIN 10 0.6 2.42 2.13 4.74 1.2 1.5 1.3
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Probability distributions

Normal Distribution

The normal distribution is completely determined by
the mean (i) and the standard deviation (o).

For populations characterized by the normal
distribution, a random sample size of 30 is generally
a good approximation (Central Limit Theorem).

Normal Curve

u-30

u-20

p+o

p+20

u+30
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Probability distributions

T-Distribution and F-Distribution
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Normal Curve

u-30 u-20 u-o KU u+o u+20 u+3o
68.3%
95.4%
99.7%

s=-1.23 s=+1.23
‘ I e e e e e e . A
o o0AhA o0e ® e e o
3 35 4 4.5 5 55 6 6.5
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Data Sampling Errors

Sampling errors Non-sampling errors
* The sample does not represent the e Systematic or random errors in the sample
population

Bias is when the information is skewed due to preconception
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Sampling Errors

Estimating the mean

Sample
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Sampling Errors

Estimating the mean

I
I
I
|
_za/Z 0 Zal2
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Sampling Errors

Estimating the mean

e sy s
R

o

Error

T-Distribution Critical Value Table

University of

South-Eastern Norway 9/30/2019

Xj—=

_ ZaG
%4 227

<Title of presentation>

23534
21319
2.0150
1.9432
1.8946
1.8595
1.8331
1.8124
1.7959
1.7823
1.7709
1.7613
1.7530
1.7439
1.73%6
1.7341
1.7291
1.7247
1.7207

0.01
0.02

) 31.8193

6.9646
4.5407
3.7470
3.3650
3.1426
2.9980
2.8965
28214
2.7638
2.7181
2.6810
2.6503
2.6245
2.6025
25835
2.5669
25524
2.5395
25280
25176

0.005
0.01

63.6551
99247
5.8408
4.6041
4.0322
3.7074
3.4995
33554
3.2498
3.1693
3.1058
3.0545
3.0123
29768
2.9467
29208
2.8983
2.8784
2.8609
2.8454
28314

0.0025
0.005

127.3447
14.0887
74534
5.5976
47734
43168
4.0294
3.8325
3.6896
33814
3.4966
3.4284
33725
33257
3.2860
3.2520
32224
3.1966
3.1737
3.1534
31352

0.001
0.002

318.4930
22.3276
10.2145
7.1732
5.8934
52076
4.7852
4.5008
4.2969
4.1437
4.0247
3.9296
3.8520
3.7874
3.7328
3.6861
3.6458
3.6105
3.5794
3.5518
35272

0.0005
0.001

636.0450
31.5989
12.9242
8.6103
6.8688
5.9589
5.4079
5.0414
4.7809
4.5869
4.4369
43178
4.2208
4.1404
4.0728
4.0150
3.9651
39216
3.8834
3.8495
3.8193
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Non-Sampling Errors in Measurements

ASME PTC 19.1-1998

* Measurement Uncertainties tells us True value
how accurate a measurement is.

e |tis the researcher’s best estimate of

Measurement population
mean {p}

ic arror (B}

how far an experimental quantity
might be from the true value.

L)

Fraquency of Occurrence

* Measurement Uncertainty depends
on the measurement method.

— Systematic error (bias, fixed error)
— Random (precision error)

Total error (5,)

TEST UNCERTAINTY

Measurement
population
distribution

Measured

vatue {Xp)

Random
error (g}
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Measured Values
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Example:
Measurement Errors

e Temperature sensor 6.4
e Sampling frequency 200ms 6.3
e Stable conditions 6.2 -
6.1 -
6 -
59
58 u
57 T T |
0 200 400 600
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Exercise 1:  Descriptive Statistics
Registered hours per production step for 10 equal parts

3 = 3 @ g 5
85 | % S - 5
o 2 o = i
£ E = £ 8 2 g 235
z 38 S} s £t 4 g c =
? o 2 zZ [} = a = o = 6
1. Any strange data: 4= C = 02 = o 88
Estimated 0.80 2.00 3.25 4.90 1.20 1.30 1.30
S/N 1 0.6 2.48 2.72 4.31 1.22 1.5 1.3
SIN 2 0.6 1.75 6.36 4.85 1.32 1.5 1.3
2. Any potentially polluted data series? SIN3 0.6 2.12 2.55 0.85 1.7 1.5 1.4
SIN 4 0.6 3.22 4.87 8.2 1.18 2.5 1.4
S/IN5 0 3.45 2.55 3.9 1.67 1.5 1.2
. SIN 6 0.6 1.63 3.37 3.09 1.47 15 1.3
3. Canyou still use the data, and why? SIN7 0.6 2.74 3.01 7.65 0.27 15 13
S/N 8 0.6 1.95 2.4 4.1 1.94 1.5 1.3
S/IN9 0.6 2.38 2.76 5.58 1.6 1.5 1.2
S/N 10 0.6 2.42 2.13 4.74 1.2 1.5 1.3
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