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ILLUSTRATIVE EXAMPLES: GOOGLE BOOKS 
AND GOOGLE FLU TRENDS
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GOOGLE BOOKS STUDY
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http://new.ted.com/talks/what_we_learned_from_5_million_books
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Paper

GOOGLE BOOKS STUDY

!5



Wirtschaftsinformatik, insb. Data Analytics | Prof. Dr. Oliver Müller

Data and Methods

GOOGLE BOOKS STUDY
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Source: Michel et al. (2011)
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Selected Findings

GOOGLE BOOKS STUDY
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Source: Michel et al. (2011)
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Selected Findings

GOOGLE BOOKS STUDY
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Source: Michel et al. (2011)
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Try It Yourself at https://books.google.com/ngrams 

GOOGLE BOOKS STUDY
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https://books.google.com/ngrams
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Google Search Terms

GOOGLE FLU TRENDS STUDY
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Original Paper

GOOGLE FLU TRENDS STUDY
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Google Flu Study

GOOGLE FLU TRENDS STUDY
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Source: Ginsberg et al. (2009)

“The final model was validated on 
42 points per region of previously 
untested data from 2007 to 2008, 

which were excluded from all 
previous steps. Estimates 

generated for these 42 points 
obtained a mean correlation of 
0.97 (min: 0.92, max: 0.99, n: 9 

regions) with the CDC-observed ILI 
percentages.

Harnessing the collective intelligence of millions of users, 
Google web search logs can provide one of the most timely, 
broad-reaching influenza monitoring systems available 
today.
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GOOGLE FLU TRENDS STUDY
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How to Forecast the Flu with Google Search Terms?

GOOGLE FLU TRENDS STUDY
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Date Location “coughing” „soar throat“ “cold” … ILI 
level

Observation 1 01.01.2019 Frankfurt 2321 3441 5513 ... 0.020

Observation 2 01.01.2019 Berlin 1968 3201 4236 ... 0.008

Observation 3 02.01.2019 Frankfurt 2331 3446 5657 ... 0.021

… ... ... ... ... ... ...

Y = f(X) + ε

YX



Wirtschaftsinformatik, insb. Data Analytics | Prof. Dr. Oliver Müller

Response

GOOGLE FLU TRENDS STUDY
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Traps in Big Data Analysis

GOOGLE FLU TRENDS STUDY
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Big Data  
Hubris

Algorithm 
Dynamics
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TWO PARADIGMS:  
STATISTICAL MODELING VS.  

MACHINE LEARNING
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What is Statistics?

THE STATISTICAL MODELING PARADIGM
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“Vast amounts of data are being generated in 
many fields, and the statistician's job is to 
make sense of it all: to extract important 
patterns and trends, and to understand “what 
the data says”.” (Friedman et al., 2001) 

Source: https://lagunita.stanford.edu/courses/HumanitiesSciences/StatLearning/ 
Winter2016/about

“A branch of mathematics dealing with the 
collection, analysis, interpretation, and 
presentation of masses of numerical 
data” (Merriam-Webster)
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The Scientific Method: Hypothetico-deductive

THE STATISTICAL MODELING PARADIGM
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Source: https://www.sciencebuddies.org
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Example: Lady Tasting Tea

THE STATISTICAL MODELING PARADIGM
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Source: https://www.youtube.com/watch?v=lgs7d5saFFc
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What is Machine Learning?

THE MACHINE LEARNING PARADIGM
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“The field of study that gives computers the 
ability to learn without being explicitly 
programmed.” (Samuel, 1959) 

“A computer program is said to learn from 
experience E with respect to some class of 
tasks T and performance measure P, if its 
performance at tasks in T, as measured by P, 
improves with experience E.” (Mitchell, 1997)

Source: Chollet (2018)
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The Data Science Lifecycle: Data-driven, Inductive, Iterative

THE MACHINE LEARNING PARADIGM
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Source: https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/lifecycle
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Example: Supervised Machine Learning for Credit Risk Scoring

THE MACHINE LEARNING PARADIGM
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Source: Provost & Fawcett (2013)
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BANKRUPTCY PREDICTION:  
THE SM VS. ML WAY
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Governing Machine Learning in Governments

BANKRUPTCY PREDICTION

!25

Per Rådberg Nagbøl  
Phd Student 

ITU Copenhagen
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Governing Machine Learning in Governments

BANKRUPTCY PREDICTION
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BANKRUPTCY PREDICTION – THE SM WAY
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Research Design
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Dataset: 62.000+ Annual Reports in XBRL from 2014

BANKRUPTCY PREDICTION – THE SM WAY
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Results of Logistic Regression

BANKRUPTCY PREDICTION – THE SM WAY
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Training and Test Sets

BANKRUPTCY PREDICTION – THE SM WAY
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Training set Test set

Dataset

Source: James et al. (2013)
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Predictive Accuracy of Logistic Regression on Test Set

BANKRUPTCY PREDICTION – THE SM WAY
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Going Beyond Financial Ratios (i.e., reading 62.000 annual reports)

BANKRUPTCY PREDICTION – THE ML WAY
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The Bag-Of-Words (BOW) Model

BANKRUPTCY PREDICTION – THE ML WAY
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The Bag-Of-Words (BOW) Model

BANKRUPTCY PREDICTION – THE ML WAY
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• Treat every document as a unordered set of words 
• Ignore word order, sentence structure, and punctuation 

• Tidy data frame: 
• Every document is an observation (row) 
• Every word is a variable (column) 
• The presence of a word in a document (aka. token) is represented by the cell values
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The Bag-Of-Words (BOW) Model

BANKRUPTCY PREDICTION – THE ML WAY
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“word 1” “word 2” “word 3” “word 4” “word 5” … Bankruptcy?

Lego 0 0 0 2 1 ... No

Maersk 0 0 0 2 0 ... No

Jysk Fragt 0 1 1 1 0 ... Yes

… ... ... ... ... ... ...

Y = f(X) + ε

YX
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Tree-based Classification Algorithms
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BANKRUPTCY PREDICTION – THE ML WAY
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Example: Loan Default

BANKRUPTCY PREDICTION – THE ML WAY
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Example: Loan Default

BANKRUPTCY PREDICTION – THE ML WAY
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Source: Provost & Fawcett (2013)
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Example: Loan Default

BANKRUPTCY PREDICTION – THE ML WAY
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Source: Provost & Fawcett (2013)
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The CART Algorithm: Top-down, Greedy Search

BANKRUPTCY PREDICTION – THE ML WAY
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Source: Provost & Fawcett (2013)

▪ It is computationally infeasible to consider all possible sequences and combinations of splits. 

▪ Instead, do recursive binary partitioning 
▪ Top-down: Start with zero splits and successively partition the feature space into two 

parts. 
▪ Greedy: At each step, make the best possible split at that particular step (i.e., the split with 

the highest information gain, i.e., reduction in entropy). 
▪ Stop when some condition (e.g., minimal number of observations in one leaf) is met. 

▪ That is, we consider all predictors X1, . . .,Xp, and all possible split points s for each of the 
predictors, and then choose the predictor and split point with the highest information gain at 
each step. 
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Random  
Forests



Wirtschaftsinformatik, insb. Data Analytics | Prof. Dr. Oliver Müller

Bootstrap Aggregation (Bagging)

▪ A way to reduce overfitting of a machine 
learning algorithm is to take many training sets 
from the population, build a separate model on 
each training set, and average the resulting 
predictions.

BANKRUPTCY PREDICTION – THE ML WAY
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Source: James et al. (2013)
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From Bagging to Random Forest

▪ Following the idea of bagging, we draw multiple random samples (bootstrap samples) from 
the training data and create a decision tree on each sample 
▪ Typically, 2/3 of the rows in the training set 

▪ However, in Random Forests we allow only a random subset (m) of all the predictors (p) to 
be used at each split of the decision tree 
▪ Typically, m = SQRT(p) 

▪ Why does this work? 
▪ In bagging, if there is one strong predictor, all the trees will use this predictor in the top split  

➔ all of the trees will look quite similar to each other  
➔ their predictions will be highly correlated  
➔ only a little bit of variance will be removed

BANKRUPTCY PREDICTION – THE ML WAY
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Source: James et al. (2013)
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A Random Forest has many Trees

BANKRUPTCY PREDICTION – THE ML WAY
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Predictive Accuracy of Random Forest with BOW on Test Set

BANKRUPTCY PREDICTION – THE ML WAY
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BANKRUPTCY PREDICTION – THE ML WAY
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How Does the Model Look Like?

Black Box
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Next Steps

▪ Include more text from annual reports (e.g., management review, management’s statement, 

CSR) 

▪ Quantify the informativeness of different sections of annual reports 

▪ Use artificial neural networks to better capture syntax and semantics of text 

▪ Try to open the black box of machine learning algorithms

BANKRUPTCY PREDICTION – THE ML WAY

!47



Wirtschaftsinformatik, insb. Data Analytics | Prof. Dr. Oliver Müller

REFLECTIONS
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Similarities and Differences of Statistical Modeling and Machine Learning

▪ Data 
▪ Both work with almost the same data structures 
▪ ML wrangles messy data until it fits into rows and columns  

▪ Methods 
▪ Both use regression and classification techniques 
▪ SM applies mainly additive linear models 
▪ ML uses on non-linear methods that work on high-dimensional data 
▪ ML makes use of unsupervised techniques for data preparation 

▪ Process 
▪ SM is theory/hypothesis-driven (no fishing for correlations!) 
▪ ML is mainly data-driven 

▪ Outputs 
▪ SM: focus on causal explanations 
▪ ML: focus on predictive accuracy (on unseen test data!)

REFLECTIONS
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SM

ML

Source: Breiman (2001)
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Paper

REFLECTIONS
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THE END

mailto:oliver.mueller@uni-paderborn.de
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