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Database vs Flat File
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Flat File

Al & © [ fx| season

| 4 A I E D] E I F = H 1 1 K

11 |season size speed mxPH mnO2 a NO3 NH4 oP04 PO4 Chla al

L2 |winter small medium 8 5.8 60.8 6.238 578 105 170 50 0
|3 |spring small medium 8.35 8 57.75 1.288 370 428.75 558.75 13 14
4 |autumn small medium 81 114 40.02 533 346.66699 125.667 187.05701 156 33
;L spring small medium 8.07 4.8 77.364 2.302 98.182 61.182 138.7 14 1
i 6 |autumn small medium B.06 9 55.35 10416 233.7 58.222 97.58 105 9.2
fz winter small high 8.25 131 65.75 5.248 430 18.25 56.667 284 151
! 8 |summer small high 8.15 103 73.25 1.535 110 61.25 111.75 32 24
E autumn small high 8.05 106 55.067 455 205.66701 44.667 77.434 6.5 18.2
110 |winter small medium 87 34 2195 0.886 102.75 363 71 5.544 254
111 |winter small high 7.93 5.9 8 139 5.8 27.25 46.6 0.8 17
112 |spring small high 77 10.2 8 1527 21571 1275 2075 0.8 16.6
113 |summer  small high 745 17 8.69 1.588 18.429 10.667 15 0.6 321
114 |winter small high 774 9.6 5 1.223 27.286 12 17 41 43.5
ii summer small high 772 118 6.3 147 8 16 15 0.5 311
1 16 |winter small high 79 9.6 3 1448 46.2 13 61.6 0.3 52.2
i 17 |autumn small high 7.55 115 47 132 1475 4.25 98.25 11 69.9
E winter small high 778 12 7 142 34333 18.667 50 11 46.2
119 |spring small high 7.61 5.8 7 1443 31333 20 57.833 0.4 318
iﬂ summer  small high 735 104 i 1718 45 415 61.5 0.8 50.6
1 21 |spring small medium 779 3.2 64 2.822 8777.59961 564.59998 771.58998 4.5 0
22 |winter small medium 7.83 107 88 4.825 1729 467.5 586 16 ]
123 |spring small high 7.2 9.2 0.8 0.642 B1 15.6 18 0.5 15.5
24 |autumn small high 775 103 3292 2542 42 16 40 7.6 23.2
125 |winter small high 7.62 85 11.867 1715 208.33259 3 7.5 17 74.2
'i spring small high 7.84 5.4 10.575 151 125 3 115 15 13
| 27 |summer small high 777 107 12,536 3.976 58.5 ) 44.136 3 4.1
| 28 |winter small high 7.09 8.4 105 1572 28 4 13.6 05 29.7
| 29 |autumn small high 6.8 111 9 0.63 20 4 NA 27 303
| 30 |winter small high 8 9.8 16 073 20 26 45 0.8 17.1

Data Analysis



Rows vs Columns

Columns contain attributes (variables, fields, etc.)

Rows
contain
objects”

Al | © ® (= fx] beason

| A B [ E [ D [ E F [ G H [ I [ J
i 1 |season size speed mxPH mn02 Cl NO3 NH4 oP04 PO4 Chla al
| 2 |winter smal medium 8 9.8 60.8 6.238 578 105 170 50 0
| 3 |spring smal medium 8.35 8 57.75 1.288 370 428.75 558.75 1.3 14
[ 4 |autumn  smal medium 8.1 11.4 40,02 533 34666699 125667 187.05701 15.6 3.3

5 |spring smal medium 8.07 4.8 77.364 2.302 98.182 £1.182 138.7 1.4 31
{6 |autumn  smal medium 8.06 9 55.35 10.416 233.7 58.222 97.58 10.5 9.2
{7 |winter smal high 8.25 13.1 65.75 9.248 430 18.25 56.667 28.4 15.1
{8 |summer—— smal high 8.15 10.3 73.25 1.535 110 £1.25 111.75 3.2 24
Y9 autumn—— smal high 8.05 10:6 55.067 4,99 205.66701 44.667 77434 6.9 18.2
{10 |winter smal medium 8.7 3.4 21.35 0.886 102.75 36.3 71 544 25.4
! 11 |winter smal high 7.93 9.9 8 1.39 5.8 27.25 46.6 0.8 17
Y12 |spring smal high 7.7 10:2 8 1.527 21571 12.75 20.75 0.8 16.6
i 13 |summer  smal high 7.45 11.7 8.69 1.588 18.429 10.667 19 0.6 32.1
i 14 |winter smal high 7.74 9.6 5 1.223 27.286 12 17 41 435
i 15 |summer  smal high 7.72 11.8 6.3 1.47 8 16 15 0.5 31.1
i 16 |winter smal high 7.9 9.6 3 1.448 46.2 13 61.6 0.3 52.2
i 17 |autumn  smal high 7.55 11.5 47 1.32 14.75 4,25 98.25 11 69.9
i 18 |winter smal high 7.78 12 7 1.42 34.333 18.667 50 1.1 46.2
;_19_ soring smal high 7.61 9.8 7 1.443 31.333 20 57.833 0.4 31.8
| 20 |summer  smal high 7.35 10.4 7 1.718 43 41.5 61.5 0.8 50.6
{21 |spring smal medium 7.79 3.2 64 2.822 8777.58961 56459998 771.59998 45 0
P55 | winter smal medium 7.83 10.7 88 4,825 1729 467.5 586 16 0
"23 | spring smal high 7.2 9.2 0.8 0.642 81 15.6 18 0.5 15.5
{24 autumn  smal high 7.75 10.3 32.92 2.942 42 16 40 7.6 23.2
25 |winter smal high 7.62 85 11.867 1715 208.33299 3 27.5 17 74.2
| 26 |spring smal high 7.84 9.4 10.575 1.51 12.5 3 11.5 15 13
| 27 |summer  smal high 7.77 10.7 12.536 3.976 58.5 9 44,136 3 41
| 28 |winter smal high 7.09 8.4 10.5 1.572 28 4 13.6 0.5 29.7
{ 29 |autumn  smal high 6.8 11.1 9 0.63 20 4 NA 27 30.3
{ 30 |winter smal high 8 9.8 16 0.73 20 26 45 0.8 17.1




Rows vs Columns
variable (field) name\

Al 1] © & (= fx] season
T4 A ] [J— C [ Lo — E [ F [ r— H | 1 [ J [ K ] L [
. 1 |season size speed mxPH mnO2 Cl NO3 NH4 oP04 FO4 Chla al
2 |winter small medium 8 9.8 60.8 6.238 578 105 170 50 0
£ 3 |spring small medium 8.35 8 57.75 1.288 370 42875  558.75 13 14
{4 |autumn  small medium 8.1 114 40.02 533 346.66699  125.667 187.05701 15.6 3.3
] {5 |spring small medium 8.07 48  77.364 2302 98182  61.182 138.7 14 3.1
ObJeCt ID {6 |autumn  small medium 8.06 9 55.35 10.416 233.7 58.222 97.58 10.5 9.2 Record-
{7 |winter small high 8.25 13.1 65.75 9.248 430 18.25 56.667 28.4 15.1 .
{ 8 |summer small high 8.15 10.3 73.25 1.535 110 61.25 11175 3.2 2.4 keemng
8 lautumn  small high 8.05 106 59.067 499 20566701  44.667  77.434 6.9 18.2
110 |winter small medium 8.7 3.4 21.95 0.886  102.75 36.3 71 5.544 25.4
13 lwinter small high 7.93 9.9 8 139 5.8 27.25 46.6 0.8 17
112 |spring small high 7.7 10.2 8 1527 21571 12.75 20.75 0.8 16.6
113 summer  small high 7.45 117 8.69 1588 18429  10.667 19 0.6 32.1
i 14 |winter small high 7.74 9.6 5 1.223 27.286 12 17 41 435
i 15 summer  small high 7.72 11.8 6.3 1.47 8 16 15 0.5 31.1
i 16 |winter small high 7.9 9.6 3 1.448 46.2 13 616 0.3 52.2 Research
. . i 17 |autumn  small high 7.55 115 47 132 14.75 4.25 98.25 11 69.9
Va”able (f|e|d) i 18 |winter small high 7.78 12 7 142 34333 18.667 50 11 46.2
19 |spring small high 7.61 9.8 7 1.443 31.333 20 57.833 0.4 31.8
Value (datum) 20 |summer  small high 7.35 10.4 7 1718 49 415 61.5 0.8 50.6
21 [spring small medium 7.79 3.2 64 2.822 8777.58961 564.59998 771.59998 45 0
22 |winter small medium 7.83 10.7 88 4,825 1729 467.5 586 16 0
23 | spring small high 7.2 9.2 0.8 0.642 81 15.6 18 0.5 15.5
{24 autumn  small high 7.75 10.3 32.92 2.942 42 16 40 7.6 23.2
25 wi small high 7.62 8.5 11.867 1715 208.33299 3 27.5 17 74.2
| 26 |spring I high 7.84 9.4 10975 1.51 125 3 115 15 13
[ 27 [summer  small = high 7.77 107 12536 3.976 58.5 9 44136 3 41
| 28 |winter small high 7.09 8.4 10.5 1572 28 4 13.6 0.5 29.7
[ 29 autumn  small high 6.8 111 9 0.63 20 4 NA 2.7 30.3
| 30 |winter small high 8 9.8 16 0.73 20 26 45 0.8 17.1




Dataset Shape and Focus

Research: many rows, few columns

Al 1 Q& (- & | season
- A | B[ € [[[D | S RSN RS - [R— - f— ] [ ] [ K ] L |
1 |season size\ speed mxPH mn02 Cl NO3 NH4 oPO4 FO4 Chila al
2 |winter small medium 8 9.8 60.8 6.238 578 105 170 50 0
3 |spring small medium 8.35 8 57.75 1.288 370 428.75 558.75 13 1.4
4 | autumm small —edium : 346.66699 125.667 187.05701
5 |spring small medium : d A : Gg.182 £1.182 138.7
6 |autumn small medium
7 |winter small high Record-
& |summer small high H
{9 |autumn small high keeplng
110 | winter small medium 0.886 102.75 71
2 11 |winter small high 99 8 1.39 5.8 27.25 46.6 17
112 spring small high 7.7 10.2 8 1.527 21.571 12.75 20.75 08 16.6
113 |summer small high 745 1.7 8.69 1,588 18.429 10.667 15 0.6 32.1
I 14 |winter | small high 1.74 9.6 5 1.223 27.286 12 17 41 43,5
15 |[summer small high 772 11.8 6.3 147 8 16 15 0.5 311
16 |winter small high 79 5.6 3 1.448 46.2 13 616 0.3 52.2
17 |autumn  |small high 7.55 11.5 47 1.32 14.75 425 98.25 E 69.9 Research
18 |winter small high 7.78 12 7 1.42 34,333 18.667 50 11 46.2
19 |spring small high 761 9.8 7 1.443 31.333 20 57.833 0.4 318
20 |summer small high 7.35 10.4 7 1.718 45 41.5 615 08 50.6
21 |spring small medium 7.79 3.2 &4 2.822 877759961 564.59998 771.59998 4.5 0
22 |winter small medium 7.83 10.7 88 4,825 1729 467.5 586 16 0
23 |spring small high 7.2 9.2 0.8 0.642 81 15.6 18 0.5 15.5
24 |autumn small high 7.75 10.3 32.92 2.942 42 16 40 7.6 23.2
25 |winter small high 7.62 8.5 11.867 1715 208.33299 3 27.5 1.7 74.2
26 |spring small high 7.84 9.4 10.975 1.51 125 3 115 15 13
27 |summer small high 1.7 10.7 12.536 3.976 58.5 g9 44,136 3 4.1
28 |winter smal high 7.09 8.4 10.5 1572 28 4 136 0.5 29.7
29 |autumn high 6.8 il.1 g9 0.63 20 4 NA 2.7 30.3
i 30 |winter high 8 9.8 16 0.73 20 26 45 0.8 17.1




Data Preparation for Analysis

Validating, Cleaning, Augmenting, Transforming




Data Preparation

Data validation + verification

Data cleaning

Data transformation

(Data Exploration?)




Data Preparation

Data validation + verification

Data cleaning

Data transformation

(Data Exploration?)

Each of these steps may
themselves involve data
analysis and other techniques




Data Validation
+ Verification

e Verification: Confirm that the
data is correct relative to the
dataset

* Validation: Confirm that the data
correctly represents the objects

* We determine data cleaning
requirements based on the
results of our data verification
and validation

[3, 10.43, ROUn, golden delicious]



Cleaning

DEI: -




The Curse of Free Text
Fields

* The curse of categorical data is made
much worse by the curse of free text fields

* |f you have a field that is supposed to be
categorical but it is a free text field, it is no
longer categorical

* You can use machine learning techniques
to help to some extent, but this is a case
where an ounce or prevention is worth a
pound of cure.
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Cleaning: Character Encodings
The ASCII code

American Standard Code for Information Interchange

00 NULL (caracter nulo) 32 espacio | 64 @ 96 ¥ 128 G 160 a 192 L 224 (0]
01 SOH (inicio encabezado) 33 ! 65 A 97 a 129 u 161 i 193 4 225 R
02 STX (inicio texto) 34 - it 66 B 98 b 130 é 162 [} 194 226 0
03 3 ETX (fin de texto) 35 # 67 C 99 c 131 a 163 a 195 -[: 227 o)
04 EOT  (fin transmision) 36 $ 68 D 100 d 132 a 164 i 196 - 228 o
05 ENQ {enquiry) 37 % 69 E 101 e 133 a 165 N 197 + 229 o)
06 ACK (acknowledgement) 38 & 70 F 102 f 134 a 166 a 198 a 230 u
07 BEL (timbre}) 39 2 71 G 103 g 135 C 167 o 199 A 231 b
08 BS (retroceso) 40 ( 72 H 104 h 136 é 168 é 200 3 232 b
09 HT (tab horizontal) 41 ) 73 | 105 i 137 e 169 ® 201 JE 233 U
10 LF (salto de linea) 42 ¥* 74 J 106 i 138 e 170 = 202 == 234 U
1 VT (tab vertical) 43 + 75 K 107 k 139 T 171 A 203 = 235 U
12 FF (form feed) 44 . 76 L 108 | 140 i 172 Ya 204 ]E 236 y
13 CR (retorno de carro) 45 L 77 M 109 m 141 i 173 i 205 = 237 Y
14 SO (shift Out) 46 . 78 N 110 n 142 A 174 « 206 :,‘} 238 et
15 Si (shift In) 47 / 79 0 11 o 143 A 175 207 o 239 X

16 DLE  (data link escape) 48 0 80 P 112 p 144 E 176 208 4 240

17 DC1  (device control 1) 49 1 81 Q 113 q 145 F. o) 177 = 209 E) 241 +
18 DC2  (device control 2) 50 2 82 R 114 r 146 yis 178 210 E 242 5
19 DC3  (device control 3) 51 3 83 S 115 s 147 0 179 211 E 243 3
20 DC4  (device control 4) 52 4 84 T 116 t 148 o 180 212 E 244 1
21 NAK (negative acknowle.) 53 5 85 U 117 u 149 I} 181 {\ 213 1 245 §
22 SYN (synchronous idle) 54 6 86 V 118 v 150 a 182 A 214 I 246 +
23 ETB (end of trans. block) 55 7 87 w 119 w 151 u 183 A 215 i 247 s

24 CAN (cancel) 56 8 88 X 120 X 152 ¥ 184 © 216 1 248 2

25 EM (end of medium) 57 9 89 Y 121 y 153 0 185 Jl 217 4 249

26 suB (substitute) 58 - 90 F 4 122 z 154 1] 186 ] 218 250 .

27 ESC (escape) 59 - 91 [ 123 { 155 "] 187 ] 219 i 251 1

28 FS (file separator) 60 < 92 \ 124 | 156 £ 188 220 = 252 -
29 GS (group separator) 61 = 93 1 125 } 157 %] 189 ¢ 221 { 253 2
30 RS  (record separator) 62 > 94 A 126 ~ 158 x 190 ¥ 222 I 254 =
31 us (unit separator) 63 ? 95 _ 159 f 191 1 223 m 255

127 DEL (delete) theASClicode.com.ar




Encoding: Tools and Strategies

Use built in options in text editors,
browsers

Command line tools: iconv, recode,

vim
Libraries in R, Python
Hex editors

Statistical methods, machine
learning!

(an ounce of prevention...)

%) FD - [CAData\InstallationFiles\forensicownHexdiorno it Wz s e - B e
%) File Edit Search View Analysis Extras Window ? (= ES

v bl i 5| ans []| hex ]

| ) wiHexEditor-10.11-Win32.zip |

Offset (h) 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE

00000000 bO 4B 03 04 14 03 00 00 00 00 66 BS D1 3E 00
00000010 00 00 00 00 00 00 00 00 00 00 OC 00 00 00 77
00000020 48 65 78 45 64 69 74 6F 72 2F S0 4B 03 04 14
00000030 00 00 08 00 80 95 D1 3E A9 A4 OF 36 61 03 00
00000040 S5 06 00 00 16 00 00 00 77 78 48 €5 78 45 64
00000050 74 6F 72 2F 43 68 61 6E 67 65 2E 6C 6F 67 6D
00000060 SD 8F D3 30 10 7C A6 BF 62 39 21 74 27 41 AE
00000070 1B DE CA 95 03 24 8E 43 94 AF 37 E4 3A 9B C4
00000080 63 07 7F 34 OD BF 9E Bl 5B OB OE 78 A8 D4 24
00000090 B3 E3 D9 S9 8F FB 37 BC 7F 55 AB 60 1D ED Eé
000000A0 62 41 2F 39 88 SB 8B A7 E7 F3 27 E7 OF E6é €B
000000BO0 EC BD 1D 69 70 B6é 75 A2 A7 OD 4B D1 33 35 CE
000000CO 78 C7 F7 13 96 7C 10 2D S3 BO F4 FB A9 9A 2D
000000D0 9A 6B FA 90 EA D8 7B AA 95 DO Bé F5 D4 A0 4D
000000E0 34 93 17 3B BE 47 D2 F6 83 70 CA 5B 43 C2 D4
000000F0 3B 96 5B 1F FB 02 AF 66 97 6A OF 9A D7 Fé 93
00000100 BE CB B8 A8 4C 78 F2 E8 7B 48 4D D7 C1 29 D3
00000110 C9 EC D8 79 65 8D 27 BO 5D AD BF 96 E2 15 EF
00000120 64 EA D9 44 F2 1D OE B3 89 6D D1 67 40 7B F8
00000130 OC A4 FS 22 80 20 8B FC AA 4C 6D C7 A2 20 OB
00000140 FA FO 99 9D 03 00 7F 3E C4 61 98 DE 29 13 F7
00000150 16 51 94 BO BD OA 68 03 B1 81 56 CA B1 0C D4

00000160 9A 4F 3F 75 C2 6C 3D BS 11 14 8A 5D 6E 84 3E
00000170 8 8 B4 A9 E2 EC 20 EC EO 91 1D OD 40 12 45
00000180 67 AC 88 Cl1 42 23 BE D7 CA 6F 49 48 C9 3E 1F
00000190 8B 38 FF 6C D4 BE 9C 6C 09 E8 FD EB A6 F1 1C
000001A0 13 S50 3F 73 83 E9 40 AC D9 B4 Al AB 66 17 89
000001BO EO 23 OE 49 78 Bl 62 49 7E 54 41 76 C7 02 A7
000001CO0 2E C9 8F 9E 21 02
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Wiisainnias wxHexEdi

tor/Change.logmT
1.00.]!:b91't'2®48
.BEe.$ZC”74: >A"
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Overwrite




Cleaning:
Missing
Values

Column-wise? Row-wise?




Dealing
with

Missing
Values

If percentage is very low (e.g. <= 5%) you
might be able to just ignore those rows*

You can try to detect if the data is MNAR
instead of MCAR/MAR using statistical tests

If missing values are MCAR/MAR you might
be able to ignore them

You might be able to ‘impute’ the data
using statistical modelling techniques




Missing Completely At Random (MCAR): Genuinely no
pattern to the missing values (think “due to sunspots”

Missing At Random (MAR): Missing values are
correlated with another variable you also have.

Missing Not At Random (MNAR): Missing values are
correlated with another variable you don’t have

Interesting example — fields where people can select
“Choose not to reply”

When does imputation make sense?




Cleaning:
Other

Data Entry
Errors




Transforming Data:

* Changing focus

* Summarizing,
condensing

* Reshaping

e Adding complexity and
abstraction (metrics)

34/1[!.(\“!11(»“}\




Long vs Wide Format

* A flat file with the same data can
be structured in two shapes:

* Long (Narrow) (Tall)(Stacked)
* Wide (Unstacked)

* Different analysis algorithms
require particular shapes

* Presentation of data




Long Format to Wide Format

Group# Group-Size Status-Check-Time
1 14 START
1 12 MIDDLE
long 1 13 END
2 20 START
2 5 MIDDLE
2 6 END
variable name 3 6 START
+ values 3 8 MIDDLE
3 10 END

\

«—— variable name

<« variable values

Group# Group-Size-START Group-Size-MIDDLE Group-Size-END
- 1 14 12 13
wide 2 20 5 6
3 6 8 10




Reshaping Data:
Tools

* Reshaping your flat file by hand
(or in Excel) can be extremely
tedious! And error prone!

* This is where tools like R can be
extremely helpful and time
saving

Plus — automation. Resist the
‘manual’ short cut!




Adding Complexity: Metrics

* Measures:
* Concrete properties

e come from taking
measurements

* Metrics:
* Built up out of measures

 Quantifies a more
abstract concept




Metrics: Good, Bad, Ugly

* “When a measure becomes a target, it ceases to
be a good measure” Goodhart’s Law

.-‘r:~\-§‘ '_‘ﬁ.;:}‘?{_ '_y"'
". =

- "l-'\‘:’

5 it
101 149 ua I
17 hlf' ey (-Yl_( T h.fd:‘l Tk

“The more any quantitative social indicator is
used for social decision-making, the more subject

& "“’fgu?‘. .‘31‘.‘.&.5:‘.95 .&,...‘i‘i.‘,..‘f.i’..‘..ui:"t....,..1.1.7.“57,“‘*'.u.,.h.., it will be to corruption pressures and the more
' e apt it will be to distort and corrupt the social
: | . . . o
e AL -mmffif-'rlnfnufrdme&kr.n‘mrfmmu processes it is intended to monitor.” Campbell’s
“ei >..s cz_; al et 04 nkoe; 891 L9 990 SUT v o, Law

...,..:...‘:;:! uumh. i:rirnm welalinbreds riar 'u!nhuu.u]vu i

(Surgeons Example)



https://en.wikipedia.org/wiki/Social_indicator

Data Reduction: Principal
Components Analysis Lamb
(PCA)*

In this example, presence of
nutrients appears to be correlated

among food items. Pork

In the (small) sample consisting of
Lamb, Pork, Kale, and Parsley, Fat
and Protein levels seem in step, as Kale
do Fiber and Vitamin C.

In a larger dataset, the correlations
arer = 0.56 and r = 0.57.
Parsley

How much could 2 variables explain? s
Fat Protein Fiber VitC

* For categorical variables see also: MCA, FAMD [A. Ng, K. Soo, Numsense!, USDA data]

(https://drbulu.github.io/blog/factorial_methods_partl_overview/)



Retaining Principal
Components

* The proportion of the spread in
the data which can be explained
by each principal component is
shown in the scree plot.

 How many PCs are retained in the
analysis?

» keep the PCs where the
cumulative proportion is
below some threshold

» keep the PCs leading to a kink

» Here, 2 PCs = 68% of the spread.

[A. Ng, K. Soo, Numsense!, USDA data]




PC,differentiates meats from
vegetables

PC.,differentiates sub-
categorles within meats
using Fat) and vegetables
using Vitamin C).

» \Meats are concentrated on the
left (low PC; values).

== are concentrated
on the right (high PC; values).
« Seafood has lower Fat content

(low PC, vaIues% and is
concentrated at the bottom.

* Non-leafy veggies have lower
Vitamin C content (low PC,
values) and are also bunched
at the bottom

[A. Ng, K. Soo, Numsense!, USDA data]

PC,

o
Soybeans

o Peas
L]
oMackerel
o]
o Bluefish Garlic
Guinea Hen

o

Octopus

o Yam
o OQyster

: . oCarrots
Haddock Asparagusg °©
Mushroomse o Celery

PC,



Are we there yet?

Once your
data has been:

Transformed Explored

AND your end
Collected Cleaned goals are
understood

Verified + you can start

Structured Validated to think a.bout
analysis.




