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Data Science
for Consumer Behavior

Gradient Boosting Trees
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Recap: Ensemble Methods ﬁ:?%‘i\

« Teamwork as metaphor
e Basic Idea: Create a “strong” learner by means of several “weak” learners

* Two approaches
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bagging boosting
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Gradient Boosting Trees

= Basicidea:

[ ] L. ]
Initial Prediction + learning rate * - - - + learning rate * - - - + ...

* Easy to understand conceptually with regression example:

Average 72.2 kg

Height (m) Favorite Color Gender Weight(kg) Residual

1.6 Blue Male 88 88-72.2=15.8 )

1.7 Green Female 76 38 Height<1.7 Fav. Color Blue
1.5 Blue Female 56 -16.2

1.8 Red Male 77 4.8

1.6 Green Female 64 0 (3.8+-8.2)=-2.2
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Gender=F

Height<1.7 Fav. Color Blue

Initial ol , te 0.8 * ]
Prediction [N RE Ry
Average 72.2 kg

(3.8+-8.2)=-2.2

Height (m) Favorite Color Gender Weight (kg) Residual 2. Prediction

1.6 Blue Male 88 88-72.2=15.8 72.2+0.8*15.8 = 84.84
1.7 Green Female 76 3.8 72.2+0.8*%-2.2 =70.44
1.5 Blue Female 56 -16.2 72.2+0.8*-16.2 =59.24

72.2+0.8%4.8 = 76.04
1.8 Red Male 77 4.8

72.2+0.8*-2.2 =70.44
1.6 Green Female 64 -8.2

]

Next step: 2. Prediction + learning rate 0.1 * wm == ==
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XGBoost

. . User's int t J
= XGBoost = eXtreme Gradient Boosting j eersimeres j Usersinterest
= Challenge with Gradient Boosted Trees: X X [sr—X—X— X
How to find the best (next) tree? X e
. X ! R
= Regularization x X X : RN
1 ! ' ' ' '
i ! ' ' ' '
= Reduces search space of possible feature splits t > { L L L J > t
with an approximation heuristic o o b bttt
[¢] Wrong split point, L(f) is high Too many splits, (f) is high
= R package available:
install.packages("xgboost"); library(xgboost) # load data
data(agaricus.train, package='xgboost")
. H H data(agaricus.test, package='xgboost')
= Caveat 1: Numeric class labels required et i e e
data <- factor(c("a"’ "b"’ "C")) test <- agaricus.test
label = aS-integer(dataSIabel) -1 as;:_;-”;;iwust[data = trainSdata, label = train§label, max.depth = 2, eta = 1, nrounds = 2,
nthread = 2, objective = "binary:logistic")
= (Caveat 2: XGBoost uses own matrix datatype s

pred <- predict(bst, test%data)

xgb.train = xgb.DMatrix(data=train.data,label=train.label)
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XGBoost ...
= Homepage: https://xgboost.readthedocs.io
= Talk: https://dl.acm.org/doi/abs/10.1145/2939672.2939785

= R documentation: https://cran.r-project.org/web/packages/xgboost/xgboost.pdf

= Tutorial with IRIS data set: https://www.rpubs.com/dalekube/XGBoost-Iris-Classification-Example-in-R
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Data Science for Consumer Behavior

XGBoost Use Case:
Eye Tracking Data Classification
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Motivation: Eye Tracking (ET)

= High-end head-mounted displays
include ET today

= Consumer-grade head-mounted
displays likely ET tomorrow

= Foveated rendering
= Gaze driven menus
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Gaze Driven Menu: HoloLense Example

Step 1

Welcome to Guides

Welcome to Dynamics 365 Guides.

Guides is a heads-up, hands-free app that

supports business operations and learning with
step by step holographic instructions.

Look at the blue next button until if fills up to get
started.

https://docs.microsoft.com/en-us/dynamics365/mixed-reality/guides/authoring-gestures-hl2
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Use Case: The Experiment

= Starting Point: _ _
Eye Tracking experiment in Virtual Reality

Pre -Experiment Questlonnalre

about Muesli purchase decisions

(MeiBner et al., 2019; Peukert et al., 2019) 7 Truining Task "

= Conjoint-Based Choice Experiment 7 Choice Tasks
according to CBC Design
= 130 participants (each 8 or 10 choice tasks in VR) I 7

1 fixed Choice Task VR

e [

Experiment Design
by MeiRner et al. (2019)
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Use Case: The Data Set

= Goal: Predict healthy customer choices to feed RS
= Labelling criteria: packaging

= Key variables: fixation duration,
Area of interest

Kolin (MO S L

= Challenge: class imbalances
(7 out of 40 mueslis considered healthy)

Healthy choices

500

1
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Use Case: Feature Engineering

NUMBFIX

= Total number of fixations
= Average Fixation duration
= Variance of Fixation durations

= Number of fixations per product
= Total fixation duration per product
= Average fixation duration per product

= Number of Fixations per category
= Total fixation duration per category

= Average fixation duration per category
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Use Case: XGBoost in Action
@ gesund_ﬁxation<@ @esunﬂfmtmnﬂsm@

yes, missing

leaf=-0.351806939 koelln_fixation NUMBFIX<17.5

yes, missing
X38_FIXPPACK VISIT<1.5

AVGDUR schoko_fixation DWELL<0.564501047 M“g
X26_AVGDURPACK<0.133949995
yes, missing \no

X7_SUMDURPACK DWELL<0.547500014 leaf=-0.308623761
leaf=-0.49710983 leaf=-0.0212973468

yes, missing

leaf=-0.434762716

yes, missing

leaf=0.289520919

leaf=0.121882372

yes, missing

AVGDUR gesund_fixation DWELL<0.592563331

yes, missing

leaf=-0.195968866 leaf=0.158569068

AVGDUR gesund_fixation DWELL<0.353280008 SUMDUR gesund_fixation DWELL<2.51314998

yes, missinN‘ yes, missin\
leaf=-0.293198794 spezial fixation NUMBFIX DWELL<1.5 leaf=-0.560360134 SUMDUR edeka_fixation DWELL<0.815250039

yes, missing

X40_ AVGDURPACK VISIT<0.32949999 AVGDUR gesund fixation<0.400156349

yes, missing
SUMDUR knusper fixation<6.43935013 leaf=0.314509332 leaf=0.00205100467

yes, missing

leaf=0.259547472 leaf=-0.155493855

yes, missing

leaf=0.295235276 AVGDUR VISIT<0.485222459

yes, missing

AVGDUR gut_guenstig_fixation<0.279325008 SUMDUR gesund_fixation VISIT<5.29099989

yes, missing yes, missing yes, missing

leaf=0.333158046 leaf=-0.124849349 leaf=-0.283122987 leaf=0.112903975
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XGBoost: Take away

= Boosting |= Bagging
= Small Trees depending on each other
= State-of-the-art Gradient Boosted Tree library

= Almost Plug-and-play function replacement in R
= Numeric labels
= Dmatrix Data Type
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