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Data science and data thinking
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(a) Data science integrates computer science,
mathematics, and statistics, and a real-world domain.
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(b) Data thinking integrates computational thinking,
statistical thinking, and domain thinking.



Data (Science) Thinking I

Data thinking: The mode of thinking required from data scientists (not onIyI
professional ones) that integrates the thinking modes associated with
the disciplines that make up data science.

Computer science computational thinking
Statistics statistical thinking
Mathematics object-process duality
Each application domain thinking skills

core principles
ethical considerations
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Computational thinking: What it is? I

» Computational Thinking — Important readings I

— Papert, S. (1990). Mindstorms: Children, computers and powerful ideas. New
York: Basic Books.

— Wing, J. M. (2006). Computational thinking. Communications of the ACM,
493), 33-35. https://doi.org/10.1145/1118178.1118215

» Computational thinking
— is recognized today as one of the central 21st century skills;
— is useful and can be applied in all disciplines;

— emphasizes computer science problem solving skills which promote
learning experiences and support learning processes.

— gives students socio-economic benefits and may close social gaps and
promote social mobility.
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https://doi.org/10.1145/1118178.1118215

Computational thinking: What does it include?

Computational thinking includes:
Cognitive skills (Cuny et al., 2010)

problem formulation; dividing a problem into sub-problems; organization and
logical analysis of data; representation of data with models and simulations by
using abstraction; suggestion and assessment of several solutions to a given
problem; examination and implementation of the chosen solution; and the
generalization and transfer of the solution to a range of problems.

Social skills that support learning processes

teamwork; time management and planning; scheduling tasks.
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Computational thinking: How to teach it? I

» Computational thinking is not:

— Computational thinking is about thinking processes, and therefore, its implementation
is independent of technology.

— Teaching according to the computational thinking approach does not emphasize the
teaching of a specific subject matter; rather, it emphasizes the acquisition of broad and
multidisciplinary knowledge and set of skills that can be applied in a variety of contexts.

= When computational thinking is integrated in all areas of studies, learners
— deepen their understanding of the discipline they study
— develop their computational thinking skills (cognitive and social).
= This observation is important in the context of data science since data science

itself is carried out in context — the application domain from which data is

~ taken.
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Statistical thinking I

Statistical thinking is associated with understanding the essence, characteristics, I
and variability of real-life data.

Ben-Zvi & Garfield (2004): statistical thinking “/nvolves an understanding of why and
how statistical investigations are conducted and the 'big ideas’ that unaeriie statistical
investigations” (p. 8).

Statistical thinking includes

(a) the understanding that variation exists in any data source and that real-life data contain
outliers, errors, biases, and variance;

(c) the nature of sampling and how to infer from samples to populations;

(b) when and how to use specific statistical data analysis methods;

(d) statistical models and their usage;

(e) the context of a given problem when performing investigations and drawing conclusions;
(f) the entire process of statistical inquiry; and

— (g) the relevance of critique and evaluation of inquiry results.
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Mathematical thinking I

Write in the chat 3 mathematical concepts that you I
faced difficulties in their understanding.
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Mathematical thinking I |

The process-object duality theory I
Relevant for data science education due to the centrality

of the concepts of algorithm and data in data
science.

Wing (2006): “Computational thinking is [...] interpreting code as
data and data as code.” (p. 33)

These cognitive theories has educational implications for the
design of pedagogical tools

Algorithms: their process and their properties
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Object-process duality: The KNN algorithm I |

How would you explain to a friend what the KNN I
algorithm is?

Discussion:
The question formulation

What can we learn from students’ answers about their conception of the KNN
algorithm?

'g TECHNION 15
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Object-process duality: The KNN algorithm I

Students’ conception of the KNN algorithm as a process / object can be
categorized by their examination of the following properties of the KNN algorithm

Process conception:
(P1) Calculate distance from all
samples

(P2) Pick the K nearest samples
(P3) Find the label of the majority
(P4) Tune the hyperparameter K to

improve performance (to avoid
underfitting and overfitting)

~—~
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Object conception: 01-03 address the
classification, O4 addresses the algorithm’s performance
and the O5-07 address the algorithm’s complexity
(determined by the number of distance calculations):
(01) Classification depends on similarity
(02) Classification is determined by distance
(O3) The classification of a specific unknown
example depends on K
(O4) The performance of the KNN algorithm for a
specific K depends on the distribution of the data
(O5) The number of distance calculations depends
on the number of training samples
(0O6) The number of distance calculations depends
on the number of features
(O7) The number of distance calculations does
not depend on K 16

T



Object-process duality: The KNN algorithm I T

In order to classify dogs as Poodle or Labrador, four characteristics were selected: height, weight,‘(
tail length, and ear length. The training set included 1,000 dogs, 500 of each kind. Based on this data
set, we wish to classify an unknown dog using the KNN classifier.

a. For K=5: How many times is the square operation executed?
b. For K=11: How many times is the square operation executed?
c. What conclusion can you draw from your answers to the above two questions?

d. In your opinion, when are the chances of a correct classification higher?

What

. K=5 _
1. K=11 P ‘ conception
I11. It is impossible to decide does 1EhlS
V. 1do not know question

require?

e. Explain your answer.

TECHNION 17
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Mathematical thinking

Object-process duality - The KNN algorithm
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https://drive.google.com/drive/folders/1bfnoHo-95n1O1n8qORjWKI7iRzc27bv8

Mathematical thinking: Reducing Abstraction I |

Process-object duality is one perspective at the Reduction of the abstraction level I
phenomenon

The reduction of the level of abstraction is illustrated by the concept of data:
Data with specific features are more concrete (less abstract) than abstract features
images with features “red” and “green” are more concrete than objects with features “x;"” and “x,".
Data with specific values are more concrete than abstract values
an image with features [107, 83, city] is more concrete than an object with features [x;, X5, X5].
Data with meaning in the real world are more concrete than just numbers
“the level of red in the image is 107" is more concrete than the fact “the value of feature x, is 107",

Note: Reducing the level of abstraction should be done very carefully.

Reducing the level of abstraction too frequently in too many occasions may lead learners to
conceive the specific (less abstract) case as the general (more abstract) case, a conception

— that in turn, may limit their problem-solving skills.
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http://blog.csit.org.il/MyBlog.aspx?BlogID=46&PageID=2151&node=2151
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Domain thinking I |

The consideration of the context, the application domain from which I
data is taken, is crucial in data science problem solving processes.

We saw: The domain neglect cognitive bias and.

The interdisciplinarity of data science is highlighted:
the application domain together & the other disciplines (CS, statistics and math)

Important in:
Evaluation of the performance of an algorithm
Ethics
More?
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— In addition to each domain ethics (medicine, lawyers, educators,...), from]
which data is taken, data science codes of ethics exists.

Ethics

DIININ "W 79 N2 NN N9NIWN NAXN N1dN )

https://docs.google.com/presentation/d/1i-rOuLpMu-
TavBich111304MYIv8vvBtZnWS8IJ50B0o0/edit?usp=sharing
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https://docs.google.com/presentation/d/1i-r0uLpMu-TavBich1I13O4MYIv8vvBtZnW8lJ5oBo0/edit?usp=sharing
https://docs.google.com/presentation/d/1i-r0uLpMu-TavBich1I13O4MYIv8vvBtZnW8lJ5oBo0/edit?usp=sharing

Summary: Data Thinking

» The interdisciplinary and multifaceted
nature of data science:

— Different modes of thinking
contributes to data thinking — the

mode of thinking required for doing

meaningful data science

— The importance attributed to the
application domain in the data
science workflow and data science
education

— Algorithm-data duality
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Data thinking integrates computational
thinking, statistics and math thinking,

and domain thinking.
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