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Why We Need Best Practice Analytics
A Typical Spreadsheet-based Reporting Scenario

Weekly report in

a spreadsheet

Cover sheet with selected charts

Sheet with hundreds of KPIs

IT personnel using undocumented 

scripts to produce tables in personal 

schemas

Undocumented table in 

enterprise data warehouse

Business owner of KPI

receives a weekly number

Decision maker
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Reproducibility

• Reproducibility is the ability of an 
entire experiment or study to be 
duplicated (by someone else).

• Reproducibility is one of the main 
principles of the scientific method.

• The term reproducible research 
refers to the idea that the ultimate 
product of academic research is the 
paper along with the laboratory 
notebooks and full computational 
environment used to produce the 
results in the paper such as the code, 
data, etc. that can be used to 
reproduce the results and create 
new work based on the research.

Boyle’s air pump (see https://en.wikipedia.org/wiki/Reproducibility)
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Reproducible Research

• Reproducible does not mean correct

• Your analysis/claims can be 
reproducible and can still be wrong

• Reproducibility is the only thing 
an analyst can guarantee about 
a study.

• Example: Thomas Piketty’s book on 
‘Capital in the Twenty-First Century’.
All the data and analysis has been made 
available on the web
http://piketty.pse.ens.fr/en/capital21c2

http://piketty.pse.ens.fr/en/capital21c2


© British Telecommunications plc Dr Detlef Nauck: Best Practice Analytics, May 2017, presented at UK KDD 2017

Reproducible Research – Online Course

https://www.coursera.org/learn/reproducible-research
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Test Driven Analytics – Learn from Software Development

• How do you make sure that your analysis is correct?
– Is your data any good?

– Have you validated your model?

– Do decisions taken have the expected business impact?

• Use a test-driven approach for data wrangling, modelling and deployment

• Test-driven development (TDD) is an advanced technique of using automated 
unit tests to drive the design of software and force decoupling of 
dependencies. The result of using this practice is a comprehensive suite of unit 
tests that can be run at any time to provide feedback that the software is still 
working (Microsoft: Guidelines for test-driven development) 
https://msdn.microsoft.com/en-us/library/aa730844(v=vs.80).aspx

https://msdn.microsoft.com/en-us/library/aa730844(v=vs.80).aspx
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Data

“This is you, these are organisational and regulatory 

obstacles, and this is the operational data you want. 

Welcome to the Data Science Team!“
(Original at http://www.kdnuggets.com/2015/03/cartoon-us-chief-data-scientist-challenge.html)
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Data Quality Issues in Enterprises

• Operational data schemas are not designed for analytics.

• Data is distributed across silos and access can be difficult 
(administrative and computational obstacles).

• Data inconsistencies make joining data across operational domains 
difficult and error prone.

• It won’t get better (human nature, operational pressure, lack of 
business case) - actually, Big Data makes it worse.

• Effort in data preparation is and will remain typically 80%-90% of 
project effort.
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Making Assertions about Data

• While you pre-process your data or while you conduct exploratory 
data analysis you should gain some insight into properties of the data.

• Think about which properties are essential and which you may want 
to check or guarantee before you conduct any further analysis.

• Write some code to demonstrate that your data is correct.
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Data Quality Test in a Jupyter Notebook Using R



© British Telecommunications plc Dr Detlef Nauck: Best Practice Analytics, May 2017, presented at UK KDD 2017

George Edward Pelham Box 

(18 October 1919 – 28 March 2013)

British statistician

All models are wrong, 

but some are useful.
George E.P. Box, 1978

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

Since all models are wrong the scientist cannot obtain a "correct" 

one by excessive elaboration. On the contrary following William 

of Occam he should seek an economical description of natural 

phenomena. Just as the ability to devise simple but evocative 

models is the signature of the great scientist so overelaboration

and overparameterization is often the mark of mediocrity.

George E.P. Box, 1976

https://en.wikipedia.org/wiki/All_models_are_wrong
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Model Building: Cross-Validation

• Randomly split your data into K subsets (folds). Typically, we pick K=10. 

• Keep one fold for testing and train the model on the other (K-1) folds. Repeat K times, each time keep another fold 
for testing (picture above shows step 5 out of 10). 

• The average error across all runs is the estimate for the average expected error on unseen data.

• Build the final model using all data.

• Careful: all modelling steps, including feature selection must be part of the cross-validation. That includes any step 
that used the target information. Otherwise the error is underestimated. 

• You can execute unsupervised steps before cross-validation, i.e. pick features with high variance. “Unsupervised 
step” means that the target information is not used.

1

Train

2

Train

3

Train

4

Train

5

Test

6

Train

7

Train

8

Train

9

Train

10

Train
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Cross-Validation Caveats

• If you have only a small amount of data, cross-validation can over-estimate the error.

• If K=N (size of data) you have 1-leave-out validation. This is useful for small data sets 
and does not over-estimate the error, but the error variance can be over-estimated.

• Cross validation tells you something about the expected error of your modelling 
method. You can use it to pick a preferred method.

• “Method” can mean the way you pick the model parameters or different modelling 
approaches (e.g. tree vs. neural network).

• If you have vastly different outcomes in different runs, your data selection strongly 
influences the modelling results. Check if you have enough data.
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Understanding if a Predictive Model is Useful

• Just quoting the accuracy of a model can be misleading especially in cases where the data is 
extremely skewed and the target class is rare (e.g. crime, churn, fraud, faults, …).
Example: if the churn probability is 1% then a model that classifies everyone as non-churner is 99% 
correct but 100% pointless.

• Ideally, we want to understand the trade-off between benefit and cost of a model which can be 
expressed in different ways depending on context.

• Always use cross-validation when building a model.

• Look at ROC, Performance/Recall and Lift charts

random guess

=Goal
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Challenges in Analytics (especially Machine Learning)

• Data Provenance 
Where does the data come from, how was it collected and can I trust it?

• Data Quality
Is the data error free?

• Data Bias
Does the data accurately reflect the population/situation I want to model? What is missing?

• Model Bias
Driven by Data Bias, or bad sampling – to what extent is my model biased by the training data?

• Model Comprehension
Why are the outputs of my (black box) models the way they are?
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Decision Making Based on Analytics

• Executives are not necessarily familiar with analytics

• Analysts can find it difficult to present results as 
compelling business cases

• Managers must become comfortable with systematic 
experimentation with rigorous controls to determine 
cause and effect.

• Use prescriptive analytics (outcome + action)

• Revisit deployments in regular intervals
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Challenges in Enterprises – Enable Best Practice Analytics

• Compute power for analysts (internal cloud instead of corporate laptops)

• Centrally configured environments with flexibility for individual 
requirements (allow installation of tools and libraries)

• Use of Open Source and COTS tools for different analytic communities

• Support for teams and collaboration

• Reusability and sharing of work

• Preserve, version control, and quickly reproduce work

• Fast deployment of results and models

• Automation
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Cloud-based Tools – Versioning and Collaboration

Domino – cloud based environment for analytics (Notebooks, RStudio), versioning, 

collaboration, and deployment (http://dominodatalabs.com)
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Cloud-based Tools – Versioning and Collaboration

SageMath: Jupyter Notebooks in the Cloud.

TimeTravel feature to restore previous versions

(http://sagemath.com).
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Literate Programming

The program logic is described in natural language interspersed with 
traditional code from which compilable code can be generated 
(Donald Knuth, 1992).

Tools:

– Jupyter Notebooks (or other flavours) based on Python supporting 50+ languages

– Knitr (R package for dynamic report generation, supported in Rstudio)

– R Markdown (based on knitr and pandoc) allows you to combine R code with 
markdown (shorthand for HTML, like you can use in Jupyter) and compile the 
documents into reports of different formats

– Rstudio 1.0 now provides a Notebook interface
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In Conclusion

• Write tests and assertions about your data

• Use cross-validation for modelling and evaluate models comprehensively

• Use prescriptive analytics and systematic experimentation for deployment

• Version, document and keep everything (data, code, tools, libraries, 
successful and unsuccessful experiments, …)
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Trends in ML: Deep Networks

From: 

To:

Multilayer Perceptron

- Trained through Backpropagation (invented in 1980s)

- For large number of hidden layers training is slow

- Real world problems need many hidden units and a lot 

of labelled data

- Advances through structured hidden layers, improved 

algorithms, specialised hardware (GPUs) and Big Data.

Machine‐learning “programmers” design the network structure with experience and by trial and error
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Example: Combining Deep Networks

A deep convolution neural 
net (CNN) produces a set of 
outputs (abstract “words”)

A language‐generating recurrent
neural net (RNN) “translates”
the abstract “words” into captions

Yann LeCun, Yoshua Bengio, & Geoffrey Hinton (2015). Deep Learning, Nature, Vol. 521, (pp. 436‐444)
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Challenges with Deep Networks

a young boy is holding

a baseball bat

Statistically impressive,
but individually unreliable
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Challenges with Deep Networks

“Panda”
<1%

targeted distortion
“Gibbon”

(99.3% confidence)

+ =

Inherent flaws can be exploited
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Challenges with ML – New Application Areas
Example: Algorithms to Predict Likelihood of Criminal Conduct

Models assessing individuals are highly problematic

• Independent tests show that these algorithms only 

about 60%-70% correct.

• False positives can be devastating for individuals

• High risk for machine bias if features like race are used.

• Models are opaque and cannot be challenged.

• It is illegal in the UK to use algorithms for assigning risk 

to individuals (exception: credit score).

• New legislation: GDPR

http://www.wsj.com/articles/wisconsin-supreme-court-to-rule-on-predictive-

algorithms-used-in-sentencing-1465119008
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Trends in ML: AutoML – Automatic (Automated) ML

Auto-sklearn: a python package based on scikit-learn

• Bayesian optimisation is used to optimise hyper-parameters of learning algorithms
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Trends in ML: AutoML – Automatic (Automated) ML

TPOT: a python package based on scikit-learn

• Uses genetic programming to test combinations of feature representations, 

algorithms and hyper-parameters.

• Produces scikit-learn pipeline of the best performing solution.
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The Automatic Statistician
(Zoubin Gharamani’s group, Cambridge, www.automaticstatistician.com)

• Idea: 

– have a language that can describe arbitrarily 
complicated models

– a method to search over those models 

– a procedure to check model fit

• So far: Implementation for a grammar of Gaussian 
Processes which can be used for Bayesian 
Regression

• Generates natural language report.

Atoms of the language
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The Third Wave in AI: XAI – Explainable AI

http://www.darpa.mil/program/explainable-artificial-intelligence
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The Immediate Future
Home Automation and Intelligent Virtual Assistants

Context aware question-answering virtual assistants

with plugin-interfaces for apps that provide new capabilities


