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Sundar Pichai:
There is an aspect of this which we call-- all of us in the field call it as a "black box." You know, you don't 
fully understand. And you can't quite tell why it said this, or why it got wrong. We have some ideas, and our 
ability to understand this gets better over time. But that's where the state of the art is.
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The Battle for Data Science

Credit: Ullman, J.D. (2020). The Battle for Data Science. IEEE Data Eng. Bull., 43, 8-14.



The Battle Line: Venn Diagrams for Data 
Science

Credit: Ullman, J.D. (2020). The Battle for Data Science. IEEE Data Eng. Bull., 43, 8-14.



The Battle Line: Venn Diagrams for Data 
Science

Credit: Ullman, J.D. (2020). The Battle for Data Science. IEEE Data Eng. Bull., 43, 8-14.



White House Meets With AI Leaders in Attempt to 'Protect Our Society‘
Jason Nelson, Yahoo Finance, May 5 2023
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Dr Robert Bilder, UCLA:
The truly creative changes and the big 
shifts occur right 

at the edge of chaos.
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The Paper by Floridi, Taddeo, Wang, Watson, Desai  
in 2022:
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Minimalist & Maximalist Characterizations

• Minimalist:  
• DS is “the business of learning from data” 
• data scientist is someone who “uses data to solve problems” 

• Maximalist: 
• DS concerns (a) Correlative/predictive knowledge & (b) causal knowledge 
• The relation of quantitative data to a real-world problem, often in the presence 

of variability and uncertainty 
• Data Scientist means a professional who uses scientific methods to liberate and 

create meaning from raw data 
• DS blends statistical and computational thinking… It connects statistical models 

and computational methods to solve discipline-specific problems.



Descriptive & Normative Taxonomies (1/3)

• 1962, Tukey 
• the first descriptive taxonomy of data analysis: “procedures for analysing data and 

techniques for interpreting the results of such procedures; ways of planning the 
gathering of data to make its analysis easier, more precise, or more accurate; all the 
machinery and results of (mathematical) statistics which apply when analysing data” 

• 1997, Wu 
• data collection (experimental design, sample surveys); data modelling and analysis; 

problem understanding/solving, and decision making 

• 2017, Donoho 
• collection, management, processing, analysis, visualization, and interpretation of 

vast amounts of heterogeneous data associated with a diverse array of scientific, 
translational, and interdisciplinary applications



Descriptive & Normative Taxonomies (2/3)

• 1993, Chambers 
1. Preparing data (planning, collection, organization, and validation); 
2. Analysing data (by models or other summaries); 
3. Presenting data (in written, graphical or other form). 

• 2001, Cleveland 
1. Multidisciplinary investigations (data analysis in the context of different discipline specific 

areas) 
2. Models and methods for data (statistical models, model-building methods, estimation 

methods, etc.) 
3. Computing with data (hardware, software, algorithms) 
4. Pedagogy (curriculum planning, school/college/corporate training) 
5. Tool evaluation (descriptive and revisionary analysis of tools and their methods of 

development) 
6. Theory (foundational and theoretical problems in data science)



Descriptive & Normative Taxonomies (3/3)

• 2017, Donoho 
1. Data gathering, preparation and exploration 
2. Data representation and transformation 
3. Computing with data 
4. Data modelling 
5. Data visualisation and presentation 
6. Science about data science 

• Floridi et al conclude as: 
«Data science is the study of information systems (natural or artificial), by 
probabilistic reasoning (e.g., inference and prediction) implemented with 
computational tools (e.g., databases and algorithms).»



The knowledge generated by data science• The knowledge generated by data science
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Missing piece: Causal Knowledge

Reinforcement learning seems most promising way.  
Structural Causal Model (association/intervention/counterfactuals)  



Black Box
Interpretable if experts can determine, 
by examining its inner workings, why it 
came to a  conclusion.  

Explainable if the system can give the 
reasons for its conclusion.  

Auditable if we can tell how the system 
got to a state, produced an output, what 
was  responsible for each step, and who 
is accountable. 

Accuracy 
Complexity

Explainability

❑ Knowledge = Justified, True, Belief 
❑ Algorithmic Gettier Case occurs due to Overfitting 
Watson, D. S., & Floridi, L. (2020). The explanation game: A formal framework for interpretable machine 
learning. Synthese. https://doi.org/10.1007/s11229-020-02629-9



Science in Data Driven Paradigm

I. Wigner, E. P. (1960).The unreasonable effectiveness of mathematics in the natural sciences.RichardCourant lecture in mathematical 
sciences delivered at New York University, May 11, 1959. Communications on Pure and Applied Mathematics, 13(1), 1–14. https://
doi.org/10.1002/cpa.3160130102 

II. A. Halevy, P. Norvig and F. Pereira, "The Unreasonable Effectiveness of Data," in IEEE Intelligent Systems, vol. 24, no. 2, pp. 8-12, March-
April 2009, doi: 10.1109/MIS.2009.36.



Wegner: «Interactions cannot be reduced to 
algorithms»
Computer Science follows 
MODELLED INPUT + INTERACTION + ALGORITHM = MODELLED OUTPUT 

Data Science follows 
FLAT INPUT + FLAT OUTPUT = ALGORITHM 

Peter Wegner. 1997. Why interaction is more powerful than algorithms. Commun. ACM 40, 5 (May 1997), 80–91. https://doi.org/
10.1145/253769.253801
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