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How to change the mind

“There is nothing more difficult to take in hand, more perilous to conduct,
or more uncertain in its success, than to take the lead in the introduction of
a new order of things because innovation runs into the hostility of all those
the former situation benefits and only meet lukewarm defenders in whom
wait for benefits of the new one.”

Nicolas Maquiavelo, 1469-1527.
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Validity

* To know how “something” works or You know “something” works in pen

performs trials
e Controlled studies e You want to try it in all circumstances
* Pen trials * Few factors under control
 All factors under control e Results tell your customer how
« Results tell you how your "§omething” works in its own
“something” works circumstances
a "
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How to do customer “in house” trials

Agenda

* What is the problem
* Phases of one study
* Study target
¢ Variables

* Data
« Collecting data
* Recording data
 Debugging data

* Analysis:
* SPC
* Time series
* Clustering

* Our proposal
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Agenda

* What is the problem

* Phases of one study * Analysis:
* Study target e SPC
* Variables  Time series
* Clustering
* Data
* Collecting data * Qur proposal

e Recording data
* Debugging data




What is the problem?

»

“A PROBLEM WELL STATED IS CHARLES FRANKLIN
A PROBLEM HALF SOLVED” KETTERING
ﬂy}
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Where is the problem?

* To define what is an
 To understand what is a

to manage numbers

(]

o " instead “Realities”

of statistical education
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Study plan: Stages of organizational work

* Data debugging * Study target:
* Original dataset or matrix * Study design:
 Calculated or creation of * Population:
new variables

* Data analysis * Data form

 Discussion and
Interpretation

* Conclusions
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e Data introduction
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Objective of the study

* A good definition of the study’s objective will allow us to
define the study variables correctly.

* Main objective and main response variable

e Secondary objectives and response variables

N4
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Phases of the study

Plan Protocol’s components
Concept What is the question to be answered
Bibliographic review
Previous knowledge
Write the hypothesis and targets
Design Study type

12
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Phases of the study

Variables in the study

Variables selection
Metrics of the variables

Study population

Selection criteria
Type of sampling
Sample size calculation

Collecting data

Information sources

Questionnaire. Validation

Analysis strategy

Data processing

13
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Agenda

 What is the problem

* Phases of one study
e Study target
* Variables

 Data

e Collecting data
e Recording data
* Debugging data

14

* Analysis:
e SPC
* Time series
e Clustering

* Our proposal




Data debugging examples

Boxplots: help(boxplot). Outliers

Interquartile Range
(IQR)

Outliers I | Outliers

@ @| 00

"Minimum" "Maximum"
(Q1 - 1.5*%IQR) Q1 Median Q3 (Q3 + 1.5*IQR)
(25th Percentile) (75th Percentile)
—4 -3 -2 ~1 0 1 2 3

https://towardsdatascience.com/understanding-boxplots-5e2df7bcbd51
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QR
Q1 Q3
Q1-15xIQR Q3 +15xIQR
| |
Median
46 -3¢0 -206 -1 0o | 1o 20 130 4o
-2.6980 -067450  0.67450 26980

. 2465% | 50% | 24.65%
I T T T T T T T 1

-40 -30 -20 -1o0 0o 10 20 30 40

15.73% 68.27% 15.73%
-46  -3c -20 -10 0o 10 20 30 40
® @
By Jhguch at en.wikipedia, CC BY-SA 2.5, y >

https://commons.wikimedia.org/w/inde
x.php?curid=14524285
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Agenda

 What is the problem

* Phases of one study
e Study target
e Variables

 Data

* Collecting data
e Recording data
* Debugging data

e Data Analysis:

e SPC
e Time series
* Clustering...

e Qur proposal




Types of data analysis

DESIGNED ANALYSIS

Anova Table |
Sources df S§ MSS Fvalue Table Value
5% 1% 0.1%
Variety 3(ny) 166.19 5540 71.03** 39 70 139
Replication 3(ny) 309 106 136
Error 9na) 706 078

Total 15

MSS = mean sum of squares = -i-%

MSS of source
Calculated F-value = -ms?——.

* Requires trial desij
* Reduced numb

experimenta
* Expensive

d—-> Conclusive

FISHING ON DATA

BIG DATA ANALYSIS

Big dataset

New statistic roaches

to avoid bi

peopl
of data

isticians and
know the origin
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PARTNERS ©

PROGRESS




Fishing on data

Real example of Poultry data

Experimental unit: Farm

Data available: EPEF (European Production Efficiency Factor)
Two treatments applied in different farms

n: around 100 to 200 farms per treatment

LEVEL N farms EPEF EE LCL 95% HCL 95%
NEW PRODUCT 190 348.7 2.7 343.4 354.0
OLD PRODUCT 105 334.3 4.1 326.1 342.5

Prueba t

Asumiendo varianzas desiguales
Diferencia -14.384 Razont -2.9265
Error estandar de la diferencia 4915 Grados de libertad 192.1443

N4
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Diferencia del limite de control superior

Diferencia del limite de control inferior

Confianza




Bias: chicken’s source (hatchery)!

Incubadora
Mew Product Old Product

Incubadora

Incubado

I CRIG
B CRIG
I CRIG
I CRIG

IPE

IPE

420
400
320
360-
340
320-
300-
280~
260-
240
220
200

180+

. Incubadora

ca ORIGIN1
o CORIGINZ
—_— o ORIGINI
0 ORIGINA

180
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IPE

Bias: Week of year

IPE by week and treat
420 ° trat agrup
- L]
N s ° * New Preduct
400_.3. " ..‘l o® °s . . .: e Old Product
.
i T
360 - ° ..O ofe e oo ®els o %o 8, oo e ;. 3°
° * . e e o " 0 . Y 11
880 5 e®° g o°, ped .. *e o ge° °
L] L
340-.! o . o8 ® oo .l S :, o7
° o . o B 0% °8 o3 o % e
320__ LR ¢ :: ec* t I
300 ® :o ° .
280 e ‘
. ° e®
260 ° °
240 - . *e
220
200 -
180
160 — T T 1 T T T T ' T " 1 T T T T T T T T 7
0 5 10 15 20 25 30 35 40 45 50 55

Week

Media(IPE) & IPE frente a
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Analysis including origin and week

Pruebas de los efectos

Grados de
Fuente N parametros libertad cuadrados
Origin 3 3
week T 1
week*week T 1
treatment 1 1

Suma de

62978.464
2765.896
33399.181
55.892

Razon F Prob > F

17.7168
2.3343
28.1871
0.0472

Tabla de medias de minimos cuadrados

Media de minimos

Nivel cuadrados
New Product 329.69444 44929381
Old Product 330.99741

estandar

4.3062538

<.0001*
01277

< (0 k

0.8282

Media

348.673

334.289
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Big (and not so big) data analysis

* Find the effects that explain
the variability of data

e Summarize the effects in order
to simplify the interpretation

e Summarize the response or
performance of the system

* Find the association between
effects and responses
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Merging different databases

BATCH
FEED CONCENTRATE

FARMS 2000 batches DATA

98 farms with data

N4
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Find EFFECTS that explain variability

l. Type of farm/ Structural characteristics

DRINKERS

HEATHING

VENTILATION

BUILDING
TYPE

LIGHTING

More than 50 variables

defining each farm!

Not possible to include
all the variables—>

CLUSTERING OF
HOMOGENEOUS

FARMS Vs
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Clustering farms according to structural variables

Y
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{Rsurmn de columna

Columna

PLATOS cmlL disponibles
PAPEL_% SOBRE TOTAL
VOLUMEN

CAPACIDAD _acidificacién
PLATOS_N° LINEAS

Capacidad_dep_agrup

PLATOS_n® huecos

PAREDES
ARNO_REFORMA

021121
0.1958
01794 I
0.1691 I
0.1600 |
01348 [
01077
00918 ]

0.1935

02545
02521
02349
0.0845 I
00649 |
006321
00593 ]
0.0563 ]
00485 |
0.0466 |
0.0402 ]
00344 ]
00302
0.0297 |
0.0245 )
0.0220|
00153
00149 |
0.0094 |
0.0006 |
0.0002 |
00001
0.0001/

CONTROL AMBIENTAL_NH3

CONTROL AMBIENTAL_CO2

CONTROL AMBIENTAL depresiémetro
TOTAL ARRANQUE_cmU/disponibles
CAPACIDAD_depésito intermedio
ALTO cumio

ORDENADOR_MARCA ORDENADOR
CONTROL AMBIENTAL x velocidad aire
Porcién de la variacién total de cada
columna absorbida por el

COMBUSTIBLE

CONTROL AMBIENTAL_Hr
CAPACIDAD origen del agua
BEBEDEROS_MARCA agrup

TEJADO

CAPACIDAD_medicacion

NG
Capacidad autorizada

avigal merma verano
TPO - LUZ
PLATO_marca_agrup
COMBUSTION

ALTO pared

Km

TIEMPO

TIPO NAVE

BOMBAS_potabilizacién
REFRIGERACION_TIPO
BEBEDEROS _relacion
CONSTRUCTOR

M2

avigal aves/m2

MARCA CAL

SILOS_capac TOTAL

Material silos
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Find EFFECTS that explain variability

Il. Batch characteristics

STRUCTURAL
98 farms

2 GROUPS (ESTRUCT],
ESTRUC2)

FIELD DATA (BATCHES)

Explore the variability 2

TIME SERIE

Gréfico X-Barra de IPE

afio
2016

S ANALYSIS

I
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Summarize the response or performance of the system

Performance variables Average

mortality 10 days (n) 309

% mortality 10 days 1

BW 10 days 285

BW slaughter 2.8

Feed conversion 1.8

% mortality 4.8

EPEF 343.6

€/chicken 0.5

€/m? 6.4 CORRELATED!!

------- PRINCIPAL COMPONENT
ANALYSIS

A
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Mortality

New variables that summarize the output

Companante 2

FiE mortality

AEW slaugh.

' I
-0.5 00
Componente 1

0.5

1.0

Companents 2 (20,7 %)

] e STRUCTURAL
% mu::-rtalit_':,r'l[]u:llll ®mortality 10days (n) (C:ILUSTER

: 1
: |'II ..X +2

10+ H II !
P X"
»
P
oD

5 835 mortality : ll'%{

\N“x O F II|'|I."I
1+ SFeed corversion T 5/ JWEW slaugh,
LT g —
L aJ}réE@ e R e e Srctickeg. .-
g .
@' ' TBIpE
N K
5
_‘I [] ]
151 ———
-15 -10 -5 0 5 10 13
Componente 1 (42 %)
. .
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New statistical approaches of machine learning : decision trees

IPE

Tedas las filas

AlCc

Dividir || Podar MNimero de
R cuadrado RMSE N  divisicnes
0.000 . 1845 0
I
(™ Todas las filas
Conteo 1945
Media 346.20064

Desviacion estandar 34920704

A: Candidatos

Término

Crigin

color

afio

week

treatment

breed

STRUCTURAL CLUSTER

55 del
candidato
1237935456
1094440874

2000945932 *

124808.2313
16011.5572
797283539

30214722

Punto
Log Utilidad de corte
25.70343064 ORIGING
22.06635930 B
47.40623721 2014
28.03683780 14
175077293 Old Product
16.04480872 otros,cobb
0.50257760 2

Mean of EPEF: 346.29. Min 180, Max 440 !!!

Which factor explains better this variability??

Término

Crigin

color

ano

week

treatment

breed

STRUCTURAL CLUSTER

A
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Year

440 - : : — . |
420 L . T U | ||Todas las filas
LUl aRo(2013 2017, 2016, 2015, 2018)
¥ : 2"
IPE 30077 5
280 ' =
260 =
240 - R
220 5
200 -
180
160552013 | aRo(2013, 2017, 2016, 2015, 2018)
Tedas las filas
Drividir || Podar | Mimero de
R cuadrado RMSE M  divisiones AlCc
0,088 33.245004 1945 1 191677
|~ Todas las filas
Conteo 1945 Log Utilidad Diferencia
Media 346.29904 47 406237 25.522
Desviacion estandar  24,979704
= lafio(2014) [~ lafio{2013, 2017, 2016, 2015, 2018)
Conteo 393 || Contec 1552
Media 325.60518 || Media 351.51713
Desviacion estandar 37.734019 || Desviacion estandar  22.158504 A\e
[ Candidatos [ Candidatos y G

A
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Complete decision/prediction tree

Particién para IPE

 Diidir || Podar

R cuadrade
0289 29452897 1945 1

HNimere de

RMSE N divisiones

Alle
18704.9

Conteo
Media

ano(2014)

393 Log Utilidad Diferencia

32569518 2080739

Desviacién estindar  37.754019

R

week<d2
Conteo
Media
Desviacion estandar

312 Log Utilidad Diferencia
317.79569
36815912

59781524  20.5669

week>=42
Conteo 81
Media 356.12284
Desviacion estandar 23.115974

breed(cobb, cobb/ross)
Conteo 147
Media 306.91895
Desviacion estdndar  33.3457%6

breed{otros, ross)
Conteo 165
Media 32748588
Desviacion estandar  37.147148

|
Todas las filas
Conteo 1945 Leog Utilidad Diferencia
Media 34629964 47406237 25822
Desviacion estandar 34929704
I
ane(2013, 2017, 2016, 2015, 2018)
Conteo 1552 Log Utilidad Diferencia
Media 35151713 37477825 202814
Desviacion estindar  32.158504
|
| |
week>=15 week<15
Conteo 1106 Log Utilidad Diferenciy Conteo 446 Log Utilidad Diferencla
Media 345.68883 154732 14.351 Media 36597027 83193981 161721
Desviacion estandar 31.313654 Desviacion estandar  29.595303
I I
| | | ]
week<36 week>=36 aha(2017, 2015) aRa(2018, 2016)
Conteo 606 Log Utilidad Diferencia Conteo 500 Log Utilidad Diferencia Conteo 222 Log Utilidad Diferencia Conteo 224
Media 33920106 9059093 148229 Media 35355202 10853062 181255 Media 35784797 49548388 179613 Media 374.02004
Desviacion estindar 3032238 Desviacidn estandar  30.716712 Desviacion estdndar  30.594858 Desvscion estindar  26.25682
I | I
[ | [ 1 [ 1
week>=23 week<23 color(B) color(V, ) color(B) color(V)
Conteo 355 || Conteo 251 Conteo 205 Log Utilidad Diferencia Conteo 295 Conteo &6 || Conteo 136
Media 333.06152 || Media 34788446 Media 342858 76743634 24.7063 Media 36098346 Media 34584465 || Media 36480596
Deswiacion estandar  30.169329 || Desviacion estindar 28407849 Deswiacion estandar  31.307815 Desviacion estindar  28.038006 Desviacion estandar  30.213972 || Desviacion estindar 28838547
I
[ |
ane(2013, 2016, 2017) ane(2015)
Contea 135 Conteo 70 Log Utilidad Diferencia
Media 344217 Media 359128 61445842 2000012
Desviacion estindar  20.870472 Desviacion estindar  27.520144
|
| |
week<45 week> =45
Conteo 33 || Conteo 37
Media 34379879 (| Media 3728
Desviacion estandar  24.808715 || Desviacién estindar  22.29346

P~
PARTNERS ®
PROGRESS




Even with lots of variables, this nonparametric methods works

Which variables
explain better this
variability??

..... 50 variables that define the type of farm

Productivity component

=
&
Todas las filas
R cuadrado RMSE N divisiones AlCc
0.000 1565 0 0
[ Todas las filas
Conteo 1565
Media 01687783
Desviacién estandar 1.6791648
4 Candidatos
SS del
Término candidato Log Utilidad Punto de corte
CAPACIDAD crigen del agua 26976317 2.3504125 traida,pozo
Capacidad_dep_agrup 42961345 3.7078507 =10000
CAPACIDAD depésito intermedio 54436114 4,0235110 2000,ne,, <10000
BOMBAS_potabilizacicn 3472105 0.3332100 &,
CAPACIDAD acidificacicn 25384582 2,2152485 i,
CAPACIDAD medicacicn 73.306570 62088258 i
BEBEDERCS_MARCA 83.334704 5.3641221 lubbing plasticc,Favega,tigsa, bigduchtman,corti
BEBEDERCS MARCA agrup 63.638235 4,1897043 tigsa, bigduchtman,corti
BEBEDEROS_n® tetinas 124.874663 111778992 636
BEBEDEROS direccionales 59.761839 4.5925096 500
BEBEDEROS relacicn 21702771 14457033 25
BEBEDERCS_n® tetinas en arranque 184.772361 17.6066243 980
BEBEDERCS_direccicnales arranque 178960433 169717389 1250
Id 3 07.543074 8,3480500 47
coDiGe 3 134766795 12.2186648 22728
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Agenda

* What is the problem

* Phases of one study
e Study target
* Variables

* Data

* Collecting data
e Recording data
* Debugging data

35

e Data Analysis:

e SPC
* Time series
e Clustering...

e Our proposal




Statistical Process Control: to detect change

"Let's understand the variation, as

this is
and ma

Donald J. Wheeler

Understanding variatic

http://www.spcpress.c

ey to understanding
ing numerical chaos”

e ,(ey to Managing Chaos

Activities focused on the use of
statistical techniques to reduce
variation, increase knowledge
about the process and steer the
process in the desired way

1ISO 3534-2:2006

A G
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Control charts

* Detect out-of-control situations
e Usually with the aim of removing special causes of variation

f
xbar Chart
for samples.thick
®
----- K/p{UCL
[ ]
~ e — o
[ ]
L]
AN / \‘. - ./ CL
[ ]

LCL

0.73 076 0.79

|
|
|
o
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Group summary statistics

Group

Number of groups = 14
Center = 0.7585238 LCL =0.7294208 Number beyond limits = 1
StdDev = 0.02376254 UCL = 0.7876269 Number violating runs = 0

37
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Control charts to confirm effect

... But useful to detect if a new treatment or method improves performance

Efecto del desplazamiento de la media

= S EEN\?Q(J*UGM@U\*
i oAt £ > New teestmepr)

cTQ
0
J
}

A Q
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Xbar.one/Studying data

Mortality per week
Calibration data in Piglets losses Mew data in aft_prrs
- : L
|
3 8- iy
O ’ |
= . .
E ------- - T [ T 2l sl e e e el
i - - . %0 -
— L - a @
E‘ ~ ') . '-_-:,'"'- .'-;-'u' . __u',ll . * T .
M - e "’.." - e e I afie” * . . *
-E ] e Toe e ".' -iil'- "[III'IHI ill. 'II ,II'.
e Ry e A
®

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIIIIIIIIIIIIIIIIIIIIIII'I'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
17-09-2012 16-03-2013 16-09-2013 17-03-2014 15-09-2014 16-03-2013

Weeks
Number of groups = 141
Center = 146.5135 LCL =2067557 Number beyond limits = 14
stdDev = 41.94598 UCL =272.3515 Mumber violating runs = 39

39

UCL

CL

LCL
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Advanced charts

cusum chart for simLote(n = 30, mu = chj)

e Shewhart charts (x-bar, individuals)

are powerful to detect significant 5 ,
. ° <L /\
shifts in a process B e T
* But poor at detecting small Sy N e
changes (that could be S RN
economically important) % "N e

* CUSUM charts detect smaller 5 B T O ND DD DD D E
Changes qUite fa St Number of groups = 30 Gmu%ecisioninlemal {std. err)=4

Center = 2.62909 Shift detection {std. err.} = 0.2430971
StdDev = 0.1273055 MNo. of points beyond boundaries = 21

A
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Average Run Length (ARL)

* For a given control chart, the ARL is the number of samples (lot, batch,
day, etc.) needed, on average, to detect a given shift in the mean.

* Based on the probability of Type Il error.
* Easy to compute for x-bar charts through the standardized normal

distribution

Example: the ARL to detect a shift equivalent to 1
standard deviation with an x-bar control chart is 4.
For smaller shifts the CUSUM chart is more
appropriate

4
4

A Q
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Simulation of a “digital twin” farm

* For CUSUM charts, we can find tables in standards or even program
numerical optimization to obtain ARLs

* A more empirical approach is to simulate several lots drawing random
variates from the probability distribution of the actual farm

Hence, we find frequency
distributions for the ARL and for the
false alarms.

P~
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Cumulative Sum

Below target
15

When it is likely to detect the desired change?

Above target

-10

43

cusum chart for simLote(mu = obj)

s BO-
. .?.. - .:".d\f,:’. . . ,'... UDB
. LI
* s . ® > ‘ A .‘I” %... x ‘0‘& 40-
S WY e . LDB
3-" ’J % L v%% s

o* *Ocl '.‘.
T N o
e Tt

63 74 85 96 109 123 _137 151 165 179 193 207 221 235 249 263 277 291

a7t j 00 t;mej

Well before the parametric test

o H

estimation, with a low risk of
false alarms

0=

No. af points beyond boundaries = 196 40-

'
1]

¢ willa ol .J.J.l...l.ll. wkadieldine it

'
100

lote

No mejora

'
200

1
1
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When it is likely to detect the desired change?

 Sample size to detect a change
* Hy:pt = 2.6290903; Hy: u < 2.6290903; Target, 2.60; with a= 0.05 and 3=0.80
« 238 experimental units

* With ARL:

* 19 experimental units’ first signal
* 45 experimental units in 95% of the simulations
114 experimental units as maximum
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Mortality per week

Group summary statistics

Mortality per week
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Agenda

 What is the problem

* Phases of one study
e Study target
* Variables

 Data

e Collecting data
e Recording data
* Debugging data

a7

e Data Analysis:

e SPC
* Time series
e Clustering...

e Our proposal




Proposal for conducting field trials and product valuation

A S
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Development of a hypothesis
Bibliographical study
Protocol development

Team training

Analysis of customer past
performances

6.

Choice of farm population and
verification of their uniformity

Conducting tests
Verification

SPC and Statistical study and
conclusions
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Conclusions

* The money that an animal
production company generates
is too big

e Business decisions need
experiments and studies

* A correct design avoids
“outfishing”

e Statistical methods are a tool,
“sine qua non”

49

e Statistical knowledge &
management is critical in animal
production business

e Extensive and critical data
analyses will improve your
animal business

* Currently, Business Intelligence
techniques are “sine qua non” to
go from stable to “table”
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Siagro

* The tool you need to take decisions based on your own data:
* https://www.siagro.es/en/home/
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https://www.siagro.es/en/home/

Questions & Answers
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THANK YOU!
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