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Student. Faculty of Engineering, Chulalongkorn University.



DA101 Course Syllabus

Required:

Languages:

Curriculum:

Outlines:

Min. Hrs.:

Basic Mathematical Knowledge: Algebra, Geometry and Statistics
Basic Knowledge on Physics, Astrophysics, Astronomy and Science
Basic Knowledge on Mechanical and Electrical Engineering

Basic Programming Skills

Thai (Main), English

Fundamental and Advanced Statistics with Methodology, Software
Usages and Applications in Scientific and Engineering Studies

1. Types of Data and Data Acquisition (3/0)
2. Mathematics (8/4)

3. Scientific Experimentation (2/2)

4. Data Analysis (2/2)
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Necessary Equipment/Software

X

MATRIX LABORATORY Microsoft Excel

4 w desmos

Python Graphing Software: Desmos

Scientific Calculator
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Week 1 Outlines

Types of Data and Data Acquisition
 Ways of thinking about data

* Types of data

» Data strategies

 Data framework

 Data acquisition

Assignments

(none)
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Google Classroom
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1. Ways of thinking about data

What do analysts do?

Do the mission planning
Design overall process and subsystems

Perform overall and detailed calculation
Perform mathematical/graphical approaches to problems
Perform possibility check based on theory and statistics

Visualize information
Minimize errors
Perfect the minor details which no one (<1%) looks at
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1. Ways of thinking about data

Key to be an analyst

/ \
Sense »  Reason Belief
Reason | > Sense > Belief
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1. Ways of thinking about data

The Methodology

Scientific Method

If it doesn’t work

7N

Back nd Construct
Observation] — [ Questions ] — [ ackgrod ] [ -

Experiment
Research Hypothesis ] = [ Xpert ] =

Analyze ] —> [Conclusions]

If it doesn’t match hypothesis

Vivatsathorn T. (Week 1) 8



1. Ways of thinking about data

Definition of Data

‘ ‘ - . - -
ddtd noun, plural in form but singular or plural in
construction, often attributive

e Save Word

data | \'da-te @), da- @ also 'da- @\

Definition of data
1 :factual information (such as measurements or statistics) used as a basis for
reasoning, discussion, or calculation

/1 the data is plentiful and easily available
— H. A. Gleason, Jr.

/1 comprehensive data on economic growth have been published
— N. H. Jacoby

Merriam Webster Dictionary—Definition of “data”
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1. Ways of thinking about data

What can be Data?

“@a1gn ad il 13 duengu 2564 deonglasvinainlninyisan 14,353 au”

“nsAwyi iPhone suusnitngauded A.A. 2007”
“updnihhmineédy 5 daansu”
“Gsngululneiiieusnniignae av11 (32%)”

“wilasrsaiz Ingduuliuiiozundusoy 9

Vivatsathorn T. (Week 1)
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1. Ways of thinking about data

What can be Data?

Timestamp Data type Number

Y Y
(=>4

“@a1gn a Juil 13 Auengy 2564 dgensiaedInuinlainieay 14,353 A~

Date Information
“nsAwy} iPhone suusnitnsaudled A.A. 2007”

Representation
“upriliiviinRae 5 daaniu”
Number

“Gsneuslulneideuninianns dv12 (32%)”

Trend Tendency

|4

“wilasrsass Ineduuluuiiosuindusos 9

Vivatsathorn T. (Week 1)
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1. Ways of thinking about data

Data Interpretation

8,485,690 AU
Yayafy
(Raw data)

Ant 12.82%

YaYaNNIUNITUTEUIANE

(Processed data)

Vivatsathorn T. (Week 1)

Von ...
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1. Ways of thinking about data

Data Interpretation

3 2 3] 3,2,3
2 0 1 2,0,1
1 1 0. 1,1,0
Matrix-defined Comma-delimited
YaYARU
(Raw data)

can be either

\

Vivatsathorn T. (Week 1)

Apple | Orange | Banana

Somchai 3 2 3
Somsri 2 0 1
Sompong 1 1 0

YoYANNIUNITUTEUIANE

(Processed data)
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Quantity & Quality
Quantity

Quantitative

Quantify

Quantification

Vivatsathorn T. (Week 1)

Quality

Qualitative

Qualify

Qualification

14



2. Types of Data

Quantity & Quality

%18 (AL) ey (AL) dndau (3o8az) funuIY GEGZOTN
0-14 1 5,512,470 5,209,331 16.20 INANLEA Satd N
15-24 1 4,333,814 4,151,876 12.82 21 19 37
25-54 1 14,584,071 14,963,073 44.64 HUNIN AN A
55-64 U 3,891,464 4,466,079 12.63 dairuan 2y 1hana
65 YTuly 3,409,472 4,485,814 11.93 Afivau WMosARYY aUADS
DOIl.go.th—Thailand Population in 2563 Som Mai and Som Ying Sample Data
ToyaBeUsuna foyauuunan TOYALTIANUNN
(Quantitative data) (Mixed record) (Qualitative data)
Vivatsathorn T. (Week 1) 15




2. Types of Data

Qualitative Data

ANa1e (Photograph/Picture/Image)
A (Still image)
nedaulin (Videography)
AMY9AALANY 9 (Multispectral P.)

A 4

AN 3 AR
1915 3 36 (3D Object)
N NSIInFULUUAIS 9 (Photogrammetry)
Radar g LiDAR

CINE—Photogrammetry

Vivatsathorn T. (Week 1) 16



2. Types of Data

Qualitative Data

DISC Personality

Dominance

Steadiness

¢ Precise S
» Analytical
e Details

e Thoughtful
e Supportive
¢ Patient

-
‘:c TEST-GUIDE

First Floor
22 Seaview

LUUE1529 LAAZLLUUWIBLLUILN LN

Tz duriasia
UUUN LT IS 1T URY*
Tai/laily
LUUdNSIUa8LUn

WAUT WAURS LEUNINISIRUNIg
WHUTRUUAT 9
WHURIER LT 19U wlauty
Eumeildunann P, U P,

DU ¢ BNUINUNY
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2. Types of Data

Quantitative Data

Joyanduduaveslsalamiunminesnuniuduayls
Ingriaans sioanyniudayaidenainin

Vivatsathorn T. (Week 1)
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2. Types of Data

Analysis Approach

P(B |A) P(A) MsBasziiBeinud (Spatial analysis)
P(A|B) - P(B) nsuUafRAuAINAIE1ea1 (Visual Analysis)
k n3ATEdayanmAteAaNiNaLnas (Image Processing) 3
Bayes’Theorem Benford 5 Law MIIATIERaNUIZATU (Waveform Analysis) L
NN5ILATITALTIUTU N15ILASIZALTIALAY n3difiny1 (Case study)
et e . . ] N15UssENEAnAneal (Characteristic Narrative)
(Quantitative analysis) (Numerical analysis)
N153LATITHLTIAUNN
(Qualitative analysis)
74 a a 14 a
VoUALYIUIUN foynidoiaian UVDUAVIAUNIN
(Quantitative data) 7= Gumerct cata (Qualitative data)

Vivatsathorn T. (Week 1) 19



2. Types of Data

Analysis Approach

YYATIAUNN

Quantification

(Qualitative data)

Vivatsathorn T. (Week 1)

Yayadausun
(Quantitative data)
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2. Types of Data

Analysis Approach

Quantification Example

Question: You prefer socializing with people.

Inaccurate ‘ ‘ Accurate

Vivatsathorn T. (Week 1)
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2. Types of Data

Analysis Approach

Quantification Example: Scoring

Qualitative Data describing test taker & sociability

Question: You prefer socializing with people.

Inaccurate ‘ ‘ Accurate

Quantification by Scoring

-2 -1 0 +1 +2 > Quantitative Analysis Approach

Vivatsathorn T. (Week 1) 22



2. Types of Data

Analysis Approach

Quantification Example

Oasis Scientific Inc.—Fever Screening Thermal Camera

Vivatsathorn T. (Week 1)
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2. Types of Data

Analysis Approach

Quantification Example: Image Processing

Embedded Quantification

<

Light-Capturing Sensor

¥ ¥
Object Detection Range Detection
v v
Filter IR Intensity Conversion
Object Boundary Temperature Scaling

v

Peak Spot Detection

\ 4

Output Image

Vivatsathorn T. (Week 1)

> Direct Quantitative Method
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3. Data Strategies

For Quantitative Data

Visualization
Exploratory Analysis
Trend Analysis

Estimation

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization

. . . . v'lv \
1 ) ! i
A N
. ‘ — = ! e
INFOGRARHIC . /
- /—) .

Q. References
finereport, ourgreenfish, treehousetechnology,
Olivia Davis

Vivatsathorn T. (Week 1) 26



3. Data Strategies

For Quantitative Data

Visualization

Chart Types:

|. Data Comparison Chart

Comparison
Composition
Distribution

Data Reduction Chart
Evolution

Relationship (Correlation)
Profiling (Relative examination)

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Comparison

Bar Chart

Number of Days

A

30

20

10

Number of Days: 100 to 100,000 Cases
64

India USA Ttaly United Kingdom  France Germany Spain

Source: MoHFW & Worldometers

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Comparison

Heat map

Sep
Aug

Jul
Jun
ay
Apr
Mar
Feb

Jan

@low @ medium @ high @ extreme

T8 9 10 1 12

ApexCharts

Vivatsathorn T. (Week 1)

13

14

15

16

17

18

19 20
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3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Composition

Pie/M.D. Pie

316 Stainless

MWangenese

Malybdenum

Connected Discourse

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Distribution

Histogram

Anatomy of a Histogram

LSL, 200 Mean | 26446 UsL, 346
- Median | 265.00 <—— Upper
Lower nl'\."lode ?uag.nu . T1-‘.pF_-|:iﬁ|:a'ci|:m
Specification Cp Cpk—3 (5, 067  Limit
30 1 Limit Cpu 088
—> Pp Ppk Cpl 0.67
Cpm 0.74
cr 1.31
i A 027
e Bell Curve %Eargemz 0.76
-.,._sh PRk 0.67
PRU 0.85
L 20 PpL 0.67
I Skewnesq -0.16
2 Stdev 31.85
E Min 1786.00
z oy Max 345.00
Range 170.00
ZBench 1.92
% Defec 3.0%
» | PPM 30000.00
Exp PPM ST 27154 80
Exp PPM LT 26710.41
Sigma 3.38
5
0 -

159 176 183 210 227 244 261 278 295

329 346 363 380

qimacros.com

QIMacros.com

Vivatsathorn T. (Week 1)




3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Distribution

Box and Whisker Plot

Box

Whisker

Whisker ‘

Vivatsathorn T. (Week 1)

Value

32



3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Distribution

Box and Whisker Plot

Qo (min.) Q1 Q, (median) Qs Q, (max.)
< | | | 1 | .
h | | | | | "
Value
g J
Y
Q; — Q; (Interquartile Range)
Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Comparison Chart: Distribution

Box and Whisker Plot

Il
~
o)l

e i Y

Data X: 1, 5, 6, 7, 10, 11, 13

Vivatsathorn T. (Week 1)

13

Value
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3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Evolution

Dot/Line/Area/Combo

100

50 @

o
\ o===0
/0—4'\.__.‘_‘./ o—o.\..‘. / \o.h._._.'_-.‘. /

®
0 ®

11 Feb 13 Feb 15 Feb 17 Feb 19 Feb 21Feb 23 Feb 25Feb 27 Feb  Mar'17

@O0 QE A=

40

[ J O
N, v
P .\o\. /.\./"---o..../ .\./ \".\./.

0
11 Feb 13 Feb 15 Feb 17 Feb 19 Feb 21Feb 23 Feb 25Feb 27 Feb  Mar'17

@O0 QA=

80
40

0
11 Feb 13 Feb 15 Feb 17 Feb 19 Feb 21Feb  23Feb 25Feb 27T Feb  Mar'17

ApexCharts

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Evolution

Horizon

Positive

Negative

World Indexes Change Since 2011

QDWW

*GSPC

ARUT

AE1DOW

AP1DOW

ADJUBS

Jan

Feb

Mar Apr

-

N T TN
T . Y
kAl

[ - /[ ~
L_hl‘ L‘L_ )
T

Dow Jones ex-Americas

S&P

Russel 2000

Dow Jones Europe

Dow Jones Asia/Pacific

Timely Portfolio

Vivatsathorn T. (Week 1)

2 Time (month)
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3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Relationship

Scatterplot

value of Y

250

200

150

100

50

A simple scatterplot

I
0 50 100 150

value of X

The R Graph Gallery

200

250

Vivatsathorn T. (Week 1)

0.5

-0.5

o

20

40 60 B0 100 120 140 180 180 200
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3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Relationship

Scatte rp I Ot | A simple scatterplot
(Reg.)

250

200
1

value of Y

100 150 200 250

value of X

The R Graph Gallery

Vivatsathorn T. (Week 1)

20 40 B0 B0 100120 140 160 180 200

Maple Help
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3. Data Strategies

For Quantitative Data

Diamond AlbO3 Steels

] Technical _ s\c\O Tialloys|— 1V alloys

; : : . ) ) 10004 ceramics 54(?'3'\'4‘\) e
Visualization—Data Reduction Chart: Relationship ; Composites i / o aloys
']00—; Q N 0&0‘;‘——— Cu alloys

Bamboo Mg alloys: =
GFRP~_ 152

B U b b I e Wood
J /I grain

.~ _—Metals
= 4
o 104 Natural PMMA Polye}O@ S~ Lead alloys
o 93 materials _eA Concrete \Zinc alloys
= ] >~ PEEK .
L 1 PS ] PET Non-technical
. , Wood 2 Epoxies ~Ceramics
e 4. Lgrain ' —~pC
> 3 Rigid polymer ‘ Leather > pE Oh_pT,:E
'8 foams \O
£ | ~ — Polymers
o 1075 - /
[@)) ]
2 ] Foams\
8 - / EVA—_ Silicone
> 102 &elastomers
E Cork Polyurethane
] Isoprene
1 0_31 | ' “___,__Neoprene
O_______——- Flexible polymer
] foams Buyl ~~ Elastomers
CES EduPack 2019 (Granta Design Ltd.)
10 100 1000 10,000

Density, p (kg/m3)
Ansys Granta—Material Chart

Vivatsathorn T. (Week 1) 39




3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Profiling

Grouped Bars

2001

2002

2003

2004

2005

2006

2007

]

20 40 80

ApexCharts

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—Data Reduction Chart: Profiling

Matrix Visualization/Matrix of Visualizations Conrelation Tabls {Dendrogram Urglered)

sk

Corelation Leg Ratle Distance
(— 2 I N S
-1 [+] 1 -2.0 0 2.0 0 14

T

]

f
LR T R R

: . 5 ¥ & 4. % T 4 % & @ a4 B 3 T I I ESECEISifECIETAEETEEEICEEiIsAEfsEaEacEsiges
sepal_length sepal_width petal_length petal_width =gt !P!'EE::11211§+~~E !:ii:zigégfzi;;gz =2i83

Han Ming et al.—Matrix Visualization Raghavan—Scatter Matrix Timely Portfolio—Correlation-Dendrogram Table

Vivatsathorn T. (Week 1) 41



3. Data Strategies

B Asia
[ Oceania e e
[ Africa gyt 4

For Quantitative Data |..... = ==

Visualization—Data Reduction Chart: Evolution B Europe

South America
. North America

Phylogenetic Tree

20B

40
Mutations

Anna et al.—SARS-CoV-2 Phylogenetic Tree (2020)

Vivatsathorn T. (Week 1) 42



3. Data Strategies

For Quantitative Data

Visualization—etc.

Candlestick

High Price High Price
................... - ——— Open Price Close Price

—~

<

G

=

©

]

D

=z

A 4

————mm—- Close Price —— Open Price

Investopedia—Candlestick Chart

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Visualization—etc.

Candlestick

CandleStick Chart @O QM &=

6560.00

“n

6620.00

_Hl'li'*ﬁ'#!'
650000 t* iTThH*-*"' _4-*|TT—4
MHIT ol

6560.00
23:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 07 Oct 04:00

ApexCharts

Vivatsathorn T. (Week 1)



3. Data Strategies

For Quantitative Data

Exploratory Data Analysis (EDA)

— Y all | all <>
e il N oo A0
Load Data i | /
Step 1: Step 2: |I i II
Distinguish Attributes Univariate Analysis SRR, et
Rivariate Analysis Multivariate Statistics
Step 3:

Detect Interactions Among Attributes

= all.— oos — [

Collect -I-Il/ .— ( \

Insight Step 6: Step 5: Step 4:
Feature Engineering Detect Outliers Detect Aberrant & Missing Values

Aindrila et al.—The fundamental steps of the exploratory data analysis process.

Vivatsathorn T. (Week 1)



3. Data Strategies

For Quantitative Data

Trend Analysis

Visualizations Jun13-Sep 13 ~

Cases
Thailand

Cases: | New Total

1,600,000
1,200,000
800,000
400,000
0

Jul 1, 2021 Aug 1, 2021 Sep 1, 2021

Updated 2 days ago * About this data * Source: Johns Hopkins University

Google Src.—Thailand COVID-19 Cases (13/06/2021-13/09/2021)

Vivatsathorn T. (Week 1) 46



3. Data Strategies

For Quantitative Data

Trend Analysis
Visualizations Jun13-Sep 13 ~
L
f(z) = ——
1+ e~ke—0) Logistic Curve

Thailand

Cases: | New

Upper Asymptote Boundary

1,600,000
1,200,000
800,000

400,000

- - Lower Asymptote Boundary
0

Jul 1, 2021 Aug 1, 2021 Sep 1, 2021

Updated 2 days ago * About this data * Source: Johns Hopkins University

Google Src.—Thailand COVID-19 Total Cases (13/06/2021-13/09/2021)

Vivatsathorn T. (Week 1) 47



3. Data Strategies

For Quantitative Data

Trend Analysis

Visualizations Jun13-Sep 13 ~

Cases
Thailand

Cases: | New

1,600,000 — — = Start Stalling

1,200,000
800,000 Highly Elevating

400,000

-== Start Elevating

Jul 1, 2021 Aug 1, 2021 Sep 1, 2021

Updated 2 days ago * About this data * Source: Johns Hopkins University

Google Src.—Thailand COVID-19 Total Cases (13/06/2021-13/09/2021)

Vivatsathorn T. (Week 1) 48



3. Data Strategies

For Quantitative Data

Trend Analysis

1.25

=

o
~
U

=
n

o

-0.25

Temperature change (°C)

-0.75

1850 1875 1900 1925 1950 1975 2000 2025

Global average temperature change

mmm HadCRUT
= NOAA ‘\
= |gapan Met. N\
=== Berkeley Earth AN /
4 A
. 1T
P\
\ \

W \

Tl UVl

Year

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Trend Analysis

Aka. Regression Line

Global average temperature changeI
1.25 |

=

mmm HadCRUT

== NOAA

=== |gpan Met.

=== Berkeley Earth

| _~ Linear Trend Line

Temperatufe change (°C)

0.25
0.5
-0.75 |
1850 1875 1900 1925 1950 1975 2000 2|025
Year Actual Data| Estimated from trend

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Exponential Trend Line
(more accurate representation)

Trend Analysis Global average temperature change |
. 1.25 i
¥ |
o 1 == HadCRUT
== NOAA \f
Voo | Mot A
- Japan Met. 1 Linear Trend Line
© 05 === Berkeley Earth (inaccurate representation)
c I
b |
@ 0.25
= |
D 0 :
© -025 [ AL
Q [ WA ——T |
E 05 V\\r I
¢ |
I_
-0.75

|
1850 1875 1900 1925 1950 1975 2000 2|025
Year

Actual Data | Estimated from trend
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3. Data Strategies

" " Th d lly described
For Quantitative Data s Benmian ot
Stochastic Process.

Trend Analysis e —
TH‘ e HJF ! S

B L n‘m
C
o il

20 M T T M 2onup

M - f

Probable Lowest Peak

it il e b | Price drop stai

”
-

and might go up
IIIIIIII|-.||IIIIIIII.-
|
N

- v PR . P — . nﬂlIIIIIIIIIIIIIIIII.II.III.HHHHHHn. T s s a T

| T 0O O T NI, RO AN g g, gD
Vivatsathorn T. (Week 1) TTT™(TTT7|| TP T T TR | L | el B | ek LT T

N <
Aug

Jul 13



3. Data Strategies

For Quantitative Data

Estimation

Linear trend model for X2_ (1 variable, n=30)
Predicted ¥2_ = 14.959 + 0.B61*T

& Actual

Predicted

----- Lowee r 953

35

Duke People—Variables (T,X2_) Prediction

Vivatsathorn T. (Week 1)
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3. Data Strategies

For Quantitative Data

Next-point Prediction

Estimation (by trend analysis
and estimation)
Linear trend model for X2_ (1 variable, n=30)
Predicted ¥2_ = 14.959 + 0.861*T .ne /
4 lin€
from
& Actual
Upper 95%

) Predicted
Maximum and
Minimum Line Lowwe r 95%

(+4y)

Duke People—Variables (x=T, y=X2_) Prediction

Vivatsathorn T. (Week 1) 54



4. Data Framework

L_inear Framework

Strict approach, ideal but not flexible

Observation] — [ Questions ] — & Findings Reporting

Interpretation] — [ Writing &

Data Data .
Acquisition ] = Analysis ] = IZ>[ Evaluation ]

Vivatsathorn T. (Week 1) 55



4. Data Framework

Cyclical Framework

More flexible approach

/\

Interpretatlon :> ertmg&

Data
':> & Fmdlngs Reporting

Data
= Analysis

Observation IZ> Questions ':> Acqu|S|t|on

|:> Evaluatlon

\/

Vivatsathorn T. (Week 1) 56




4. Data Framework

Similarity of Methodologies

Data Framework nizmumimﬁmmmi%'aga

Observation & Findings Reporting

I:>[ Questions ]I:>

Interpretation] — [ Writing &

Data Data .
Acquisition ] ':>[ Analysis ] — IZ>[ Evaluation ]

Scientific Method ASYUIUNITNININGIAIANT

Back d Construct
—> | Questions | =) ackgroun —> one ruc_ —> | Experiment | = Analyze —> | Conclusions
Research Hypothesis

{ Observation

Vivatsathorn T. (Week 1) 57



5. Data Acquisition

Research

Finding Data from Existing Results and Raw Data published by authors

Reliability of Data

- Number of Samples

- Academic Index Ranking of the Source
- Citations

- Error/Uncertainty/Deviation Evaluation
- Significant Figures of Data

What might be extracted?
- Results of source

- Some of needed data

- Formula used

- Figures and Tables

Vivatsathorn T. (Week 1)



5. Data Acquisition

Survey and Exploration

Collecting Data on our own based on Purposes & Questions

Findings

\ 4

Meaningful Data

Vivatsathorn T. (Week 1)
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5. Data Acquisition

Measurement
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5. Data Acquisition

Measurement

Vivatsathorn T. (Week 1)
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