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— — Research Methods (in Scientific Research)

 The scientific method is a body of techniques for investigating phenomena, acquiring new
knowledge, or correcting and integrating previous knowledge [ref4, ref5, ref6].
— The general research methods include: observational methods, experimental and simulation methods,
opinion based methods.
— Experimental data or simulation results were used to validate the hypothesis formulated based on
initial observation or domain knowledge study.

 Modern research are data driven and computation powered (Big Data and Data Science — Al/ML
powered).

* The traditional research process may be concluded with the scientific publication and archiving of
collected data.

 Data driven and data powered/driven research paradigm allows research data re-use and
combining them with other linked data sets to reveal new relations between initially not linked
processes and phenomena.

[ref 4] E. Bright Wilson Jr., An Introduction to Scientific Research, Dover Publications; Rev Sub edition, January 1, 1991
[ref 5] Scientific Methods, Wikipedia [online] https://en.wikipedia.org/wiki/Scientific_method
[ref 6] Research Methodology [online] https://explorable.com/research-methodology
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Research in Computer Sciences — ICT (Information and
7' Communication Technologies)

/ \

——

* Do we have any undiscovered properties?
* Do we expect to discover any unknown phenomena®?

* Possible terra incognita:
— Behavior of very large system of different levels of complexity and interaction
— Behavior of large systems with limited resources
— Behavior of Al powered/driven systems
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— General steps in the Research process
/ |\

\

The research process is iterative by its nature and allows scientific model improvement by
using a continuous research cycle that typically includes the following basic stages:

 Define research questions

* Design experiment representing an initial model of research object or phenomena

* Collect Data

* Analyse Data

e |dentify Patterns

 Hypothesise Explanation

e Test Hypothesis

* Refine model, publish if consistency achieved, and start new experiment cycle
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Research and Data Science Team — Variety of Roles (Example)

Data Steward

Data Science
Applications Developer @

Data Steward
Data Entry/
Support @

Researcher = =]
(Scientific domain)

Data Facilities
Operator @

Data Source
(Experiment, Data Driven
Application)

Data Steward to bring
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the research process

Data Steward @

Data Science Researcher
Business Analyst
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Data Science Projects and Research Methods

sisAjeuy eleqg

@ Data Scientist
OO\ Data Analyst/
Business Analyst
0 Data Science
Applications Developer

OO

Data Scientist

Data Scientist

Data Steward



Experimental Research: General methods

Experimental research methods are characterized by the systematic manipulation of variables

and control over the research environment to establish cause-and-effect relationships.
Research Hypotheses

Independent and Dependent Variables
Experimental Design

Control Group

Randomization

Experimental Manipulation
Measurement Instruments

Data Collection

9. Data Analysis

10.Internal and External Validity
11.Replication and Reliability

12.Ethical Considerations
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SLICES Summer School 2023 Data Science Projects and Research Methods




— 4 steps model in doing Academic Research

Approach and a model approved by British Computer Society
* Used as a template for a research proposal in Computer Science

 Hypothesis

— Requires initial study of the domain to understand the context and initial conditions or data

e Research Methods

— Requires initial knowledge of the different forms/types of research

e Artefact

— Prototype or test implementation

* Validation
— Testing working prototype and providing evidence
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The Fourth Paradigm: Data-Intensive Scientific Discovery.

By Jim Gray, Microsoft, 2009. Edited by Tony Hey, Kristin Tolle, et al.
http://research.microsoft.com/en-us/collaboration/fourthparadigm/

Predicted advents of Big Data and Data Science

L2 5 R DS 1 1. Theory, hypothesis and logical reasoning
2. Observation or Experiment

—  E.g. Newton observed apples falling to design his theory of mechanics

—  But Galileo Galilei made experiments with falling objects from the Pisa leaning
tower

3. Simulation of theory or model
—  Digital simulation can prove theory or model

4. Data-driven Scientific Discovery (aka Data Science)
— More data beat hypnotized theory

— e-Science as computing and Information Technologies empowered science

SLICES Summer School 2023 Data Science Projects and Research Methods 10
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M2 Scientific Research in the transition from the 4t paradigm to 5™
/\_ paradigms of Al powered research

1. Theory, hypothesis and logical reasoning

2. Observation or Experiment

— E.g. Newton observed apples falling to design his theory of mechanics

— But Gallileo Galilei made experiments with falling objects from the Pisa leaning tower
3. Simulation of theory or model

— Digital simulation can prove theory or model

4. Data-driven Scientific Discovery (aka Data Science)
— More data beat hypnotized theory
— e-Science as computing and Information Technologies empowered science

5. Al (Computer-human) driven science powered with Al instruments
—  Based on large Al/ML models

—  Machine discovers new patterns and formulates hypothesis in one or multiples knowledge spaces (synthesizing
multiples knowledge domains)

—  Scientist validates (asks questions) and designs additional tests or experiments
. Danger that Al will intend to defend “own idea”

SLICES Summer School 2023 Data Science Projects and Research Methods 11
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— Using Al and ChatGPT in Research

A
\

* Al and ChatGPT is here, available and no reason to deny its using
— Obviously, regulation and ethical norms are urgently needed
— Many publications on using Chat GPT for education and research

* Many experimented with ChatGPT

— What is your experience and examples?
— You need to do your own critical evaluation and understand its limits

* ChatGPT represents a good snapshot of common knowledge

— What level: literacy, informed, generalist, expert?

— Can be defined as a Knowledge horizon, e.g. ChatGPT3 trained 2019,
ChatGPT3.5 trained 2021, new ChatGPT4 released 14 March 2023

SLICES Summer School 2023 Data Science Projects and Research Methods
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ChatGPT Cheoat Sheet

BL/ @hasantoxr

Define ChatGPT Rol e

Act o Linux Terminal

Act "position'’ Interviewer
Act o JavaSeript Console
Act on Excel Sheet

Act an English Teacher
Act as o Plagiarism Checker
Act an Advertiser

Act o Re_lod;'nonship Cooch
Act a Reeruiter

Leom From Chat&GPT

Exp[o.in c|e,o.r|y

Exp[odn unique,!y

Exp[a?n detailed

Exp[o.in hke I'm 5

Exp[odn with e,xamp[e,s

Exp[aiv\ to 5th gro\cle_s

Exp[ain like Elon Musk

Exp[ain detailed with e,xamp|e,s
Exp[o.in to hi?h school students

Chained Promp't?ng

- Write an article about Chat&PT.

- First -3ive wme the ou‘thne,, which
consists of a hew:."?ne_, a teaser,
and several subheadings. - Write o product deseription for my
LOutout] Lereduct or service or company]

- Now write 5 different s.ubhe,wlm.js.. - Suggest inexpensive woys I can promote
Loutput] mygaco»npamfj without using social media.

- Add 5 keywords for each subheaoling. - How can | obtain high—qua[-‘ty backlinks
LOuteut] to raise the SEO of Luwebsite namel

Pr‘omp‘ts for Marketers

- Can you provicle_ wme with sowme ideas

- Por B[og Pos'ts about L'topicj.

Promp‘ts for besigners Pmmp‘ts for De_velope,rs

- Generote e)ca\mplcs of Ul des.is.n
requirements for o Limobile “FPJ'
- How can | design o Llaw firm websitel
n a way that conveys [trust and o.uthor‘l‘tyl
- What are some wmicro-interactions to

- De,ve,[op an architecture and code For
a {deseription> website with JavaSeript.

- Help we Find mistokes in the Po”ow'm?
code {paste code below.

- | want to impfemen‘t o sticky header on
my website. Can you Pr*ovide an exo.mpfe
using CSS and IavaScﬁp‘t?

- Please continue wr‘i'tine this code
for JavaScript {post code below>

consider when dgs'nsmin& Fintech app.

- Create o text-based excel sheet to input
your copy suggestions. Assume you have

3 wmewmbers in your UX M"‘Tt'm? tTeam

Learn ChatGPT API and functions

« Tasks
e NLP Tasks
e Code

» Structured Output Styles
* Unstructured Output Styles
* Media Types
* Meta ChatGPT
« Expert Prompting
« Writing style
— Academic writing
— Creative writing
— Business writing

— Social media

. https://bigdataanalyticsnews.com/wp-
content/uploads/2023/02/ChatGPT Cheatsheet Costa.pdf

. https://exposedata.com.au/openai-cheat-sheet-gpt-dall-e-codex-
copilot-openai-api-playground-and-prompting/



https://bigdataanalyticsnews.com/wp-content/uploads/2023/02/ChatGPT_Cheatsheet_Costa.pdf
https://bigdataanalyticsnews.com/wp-content/uploads/2023/02/ChatGPT_Cheatsheet_Costa.pdf
https://exposedata.com.au/openai-cheat-sheet-gpt-dall-e-codex-copilot-openai-api-playground-and-prompting/
https://exposedata.com.au/openai-cheat-sheet-gpt-dall-e-codex-copilot-openai-api-playground-and-prompting/

Writing

Blog Posts. Essnfsfﬁrtrcles
Write o |odjective ype of conter
why: [topicl, to

« Write a frien
Exp-:lm why cbesity is o

can losa walc and why baing
| wl‘ﬂﬂ 4 RUMOrous SIS

dly Diog poast on wi

Writing Assistant:
Con you 1) my taxt |odjectivel?
« Caon you moke my porograph (ass

* Can you moke my sentance sasie

« Con you complate my sentence? |

+ Caon you continue my paragroph?
Copywriting:
Write a [tvpe of | for
[benefitl, benefit;
« Writa o social m o ad for
showcasing its simplicity and desi

» Create o soles copy for o trove
tha price, destinations and comm

Email
Reply to this email; [insert email. B
* Raeply to this email. Be poiite and

aoffer it

* Reply to this email. Be friendly

hove time for the meeting
Social Madia
Create X |[typs far

* Creote 5 hashtog
Instagrom of a cute cat
+« Create 2 bios

ochmevements

for

Spreadsheet

Formula Generation in Excel:
Create a formula te [geall in call [r

+ Create a formula to colculate |

AlD
+ Create o formulo to calcu
HIO ta H20
+ Create a formula that s
"No*

ate

atus

Explain formulo
Explain the meaning of tho formulc

+ Exploin the meaning of the fon

aUMIALAID)

» Explgin the meaning of the fon
=AVERAGE(HI0:H20)

+ Explain the meaning of the fen

SUMIFCLC13,"Na", B1:B13)

Advanced Formiulos, Mocros and V
* | have a tobla with phone nur
hove the format: (xex) xcx-x0
within parenthesis using Excel

» Create o mocro thot colculote
-tl T I | ﬂl'ld e
« Create o mocro lhnt sarts she
VBA
Google Sheets

Create a formula to [goc!| in cell [ro

+« Creote o formula in Google S
sum in calls Al to AIQ

* Creote o formula in Google !

i the current

Explain this Google Sheat comn

trom one shest

Creativity Academic Life
Foreign Language
L R e T
Programming
Coding Questions:
How to [oction| in |pregromming ldnguoge?
+ How to merge dictlonaries in Prrhon?
« How to join twe datasets in Pythen?
Whaot's the difference between [concept] and [concept2| in lanouvoge ?
+ What's the difference between lists and dictionaries in Python?
» What's the difference between OOF and functional prograr

Exploin the [concept] in [language

.

Explain the while lsap in Py i-* fi

Explain the try/except in Python to a child

Advice:

| want to learn | lan:

| want to automate (ap

®

Simulate o job Interview for o [positior

juaga for | field
| want to learn Pyt

. Create a roodmap to learn |language
n for dota science, Create o roodmop to learn Python

I want to learn JavaSeript for wab development. Creote a ruudmup to learn it
. Provide steps te [tosk with [languogas)

| woant Ir}uutumulu Gmail. Provide steps to sending ema
| want to automate Tinder, Provide steps to swipe right with Python

by asking aond answering questions as if

& with Python

you are o potential employer and I'm the candidate . Consider that [det:

Web Development:

| want to bulld a [type of website

Can ',rcm generate some HTML for my webaite?
I want to build a job board website, Can you generate some HTML for my
website?

1 wont to build a price comparison website, Con you generate soma HTML for
my wabsite?

Additional steps:

= Can you cenfar Ih{l contant in thn HTML poge; odd o line break between the
puts ond add an n gar
« AddCS551tac af the Mo
Automation:

Send the messoge "ty
Send on email from [email_1 to |
content emo t| using F'fthnn
Usa Python to rename all the |l

ordd | to @och name

* on Whotsapp using Python and pywhatkit
2] with the subject \emall subject and the

files in my directory. Add the word

https://bigdataanalyticsnews.com/chatg

pt-cheat-sheet/

Content Creation

Data Science

Data Science Questions:

Where can | find data for my [describe project?

« Wheare con | find data for my credit card fr

+« Where con | find data for my cus
How to |oction] my dataset?

« How to oversampla/undersampls my dotoset?

« How to split my dataset into troin on

n project?

aud detector

tomer churn prediction project?

o test sats wilth F'r'-'lil"’

Best proctices:
Con you [be

= Can you optimize the following Python code?
+ Can you simplify the following R code?

« Can you document my code?

« Can you check for readabllity in my code?

Automate Data Science Tasks:
« Translate my Python code ta R
« Turn this SGL code to Python pandas code
« Formaot my SQL code by cnnunrlrng the reserved keywords to uppercase
« Create o SQL query that [describe query
« Write a regex in Python that |describe regex

Data Science Workfiow
Waeb scroping (only working for o fow websites)

* Web scrape [website. using |longucge! end
Generate dota
« Act o3 a fake dato ganemtor Crecte o datoset that has X rows end Y
columns; [columnl, calu
Train Clossification model
* | hove a dotaset of [describe dotaset, builld a mochine learning medel that
predicts |torget varioble

Tune Hyperparamater
+ |'va troined o |modal nomn
Feature Importance
« |'ve troined o |m
in the model

sl Write code to tune the hyperparameters

. Write code to find the most importont features

Artificial Corner
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— ChatGPT3.5: Experimenting and use examples
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ChatGPT answer: ChatGPT can be used in various ways for scientific research?

1. Literature Review Assistance: ChatGPT can help researchers in conducting literature reviews by summarizing scientific
papers, extracting relevant information, and suggesting additional sources to explore. It can assist in identifying key
concepts, methodologies, and findings across a wide range of research areas.

2. Experimental Design: Researchers can use ChatGPT to discuss and refine experimental designs. By describing the goals,
variables, and constraints, researchers can receive feedback and suggestions from ChatGPT, which can provide insights,
alternative approaches, and considerations that may have been overlooked.

3. Hypothesis Generation: ChatGPT can be a useful tool for brainstorming and generating research hypotheses.
Researchers can engage in conversations with ChatGPT, describing their research question and background information.
ChatGPT can offer insights, related concepts, and potential connections that may inspire new ideas or directions.

4. Data Analysis and Interpretation: ChatGPT can assist in data analysis tasks by providing guidance on statistical methods,
visualizations, and interpretations. Researchers can discuss their datasets with ChatGPT, explore potential patterns or
relationships, and receive suggestions for appropriate analysis techniques.

5. Simulation and Modeling: Researchers can collaborate with ChatGPT to develop and refine simulation models. By
describing the system, variables, and parameters, researchers can explore different scenarios, discuss model assumptions,
and receive feedback on the model's validity and potential improvements.

6. Science Communication and Outreach: ChatGPT can aid researchers in communicating their findings to a broader
audience. It can help with writing summaries, abstracts, or press releases, providing plain language explanations, and
addressing common questions or misconceptions related to the research.

SLICES Summer School 2023 Data Science Projects and Research Methods 15
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How ChatGPT can be used for hypothesis generation?
Researcher - ChatGPT

N\
//‘\\

1. Background and Context: Provide ChatGPT with the necessary background information and context of your
research topic. Explain the problem you're investigating, any relevant existing theories or findings, and the
specific area where you want to generate hypotheses.

2. Initial Question: Pose a question or describe the research gap you're interested in exploring. Ask ChatGPT to
help generate potential hypotheses or propose alternative explanations for the observed phenomenon.

3. Iterative Conversation: Engage in a back-and-forth conversation with ChatGPT, elaborating on the question
and discussing potential factors, variables, or mechanisms that might influence the phenomenon. Ask ChatGPT
to brainstorm different ideas, consider alternative perspectives, and suggest relevant literature or related
concepts.

4. Prompt Refinement: As you receive responses from ChatGPT, refine your prompts or questions based on the
generated hypotheses or insights. This iterative process helps to guide ChatGPT towards more relevant and
specific hypotheses.

5. Evaluation and Validation: Assess the generated hypotheses critically. Consider their plausibility, testability,
and alignment with existing knowledge. Evaluate them in terms of feasibility, available resources, and potential
Impact.

6. Expert Input: Once you have a set of generated hypotheses, it's crucial to involve domain experts or
researchers with expertise in the relevant field. Discuss the generated hypotheses with them, seek their input,
and incorporate their feedback to refine and prioritize the hypotheses.

SLICES Summer School 2023 Data Science Projects and Research Methods 16
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- Formulate few hypotheses on effect of the computational workflow optimisation to achieve energy
: efficiency and reduce climate impact of the digital research infrastructure

Rather common knowledge but useful for understanding the baseline and wider perspective

1. Hypothesis 1&2: Optimizing computational workflows in the digital research infrastructure will lead to a decrease
in energy consumption, resulting in improved energy efficiency and carbon footprint.

2. Hypothesis 3: Implementing efficient resource allocation techniques and workload balancing algorithms in
computational workflows will result in reduced power consumption and subsequently lower greenhouse gas
emissions.

3. Hypothesis 4: By optimizing software and algorithms in the digital research infrastructure, computational tasks will
be completed in a shorter time, leading to reduced energy consumption and a smaller climate impact.

4. Hypothesis 5: Integration of advanced cooling and power management techniques in the digital research
infrastructure will optimize energy usage and reduce carbon emissions associated with excessive cooling and
inefficient power distribution.

5. Hypothesis 6: Implementing data management strategies that prioritize efficient data storage, retrieval, and
transmission in the digital research infrastructure will minimize energy requirements and, in turn, decrease the
carbon footprint.

6. Hypothesis 7: Adoption of cloud computing and virtualization technologies, combined with intelligent workload
scheduling, will enable better resource utilization, resulting in energy savings and reduced climate impact.

7. Hypothesis 8: Enhancing hardware efficiency through the use of energy-efficient processors, accelerators, and low-
power components in the digital research infrastructure will lead to significant energy savings and a reduced
environmental footprint.

SLICES Summer School 2023 Data Science Projects and Research Methods 17
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- - Formulate few hypotheses on the effect of wide 5G/6G technologies implementation to reduce
7N climate impact of the digital research infrastructure
/ \

1. Hypothesis 1: The widespread implementation of 5G/6G technologies in the digital research infrastructure will lead to increased
energy efficiency compared to previous generations, resulting in a reduced climate impact.

2. Hypothesis 2: 5G/6G technologies' advanced network management capabilities, such as dynamic spectrum sharing and
intelligent power control, will optimize energy consumption in the digital research infrastructure, leading to a decrease in
greenhouse gas emissions.

3. Hypothesis 3: The use of ultra-dense small cell deployments in 5G/6G networks will enable more localized and efficient data
transmission, reducing the energy required for long-distance data routing and resulting in a smaller carbon footprint.

4. Hypothesis 4: The implementation of advanced communication protocols and coding techniques in 5G/6G networks will
enhance spectral efficiency, allowing for higher data throughput per unit of energy consumed, thereby reducing the climate impact
of digital research infrastructure.

5. Hypothesis 5: The deployment of edge computing infrastructure in 5G/6G networks will reduce latency and enable more localized
data processing, minimizing the need for long-distance data transfers and reducing energy consumption and carbon emissions.

6. Hypothesis 6: The integration of energy harvesting techniques, such as solar or kinetic energy, into 5G/6G infrastructure
components, will contribute to renewable energy utilization and decrease reliance on fossil fuel-powered energy sources, thereby
reducing the climate impact.

7. Hypothesis 7: The utilization of network slicing and virtualization technologies in 5G/6G networks will allow for more efficient
resource allocation, leading to optimized energy usage and reduced environmental impact in the digital research infrastructure.

8. Hypothesis 8: The implementation of advanced energy management systems and smart grid technologies in 5G/6G networks
will enable better monitoring and control of energy consumption, facilitating energy-efficient operations and minimizing the climate
impact.

SLICES Summer School 2023 Data Science Projects and Research Methods 18
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— — Research Process — Overview
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« Research Process
 Research Method
* Research Design
« Conclusion
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— The Building Blocks of Research
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OBSERVATION

Broad Area of
Research Interest

- The Research Process

PRELIMINARY
DATA
GATHERING

Interviews &
Literature review

<

SLICES Summer School 2023

THEORETICAL
FRAMEWORK

Variables clearly
identified

DEDUCTION

Hvnotheses substantiated?
Research Questions
answered?

Reporting and
Publication

GENERATION
OF
HYPOTHESES

DATA COLLECTION,
ANALYSIS &
INTERPRETATION
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— The Research ldea

Where to get a research idea?
* Professional experience

* Burning questions
 Literature

* Professional meetings

* Discussions

SLICES Summer School 2023 Data Science Projects and Research Methods 22
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1.  The variables under study
2. The population (objects/subjects) being studied
3. The testability of the question

SLICES Summer School 2023 Data Science Projects and Research Methods 23
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— Variables in Research

« Have 2 or more properties or qualities
— Age, sex, weight, height

 |s one variable related to another?
— “Is X related to Y? What is the effect of X on Y?” etc.

« Variables analysis is an initial stage of the data analysis
— E.g. Data preparation by CRISP-DM

* Independent variable: * Dependent variable:
— has a presumed effect on the — Something that varies with a change
dependent variable (outcome) in the independent variable
— May or may not be manipulated — Qutcome variable

SLICES Summer School 2023 Data Science Projects and Research Methods
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« Statement about the relationship between 2 or more variables
« Converts the (research) question into a statement that predicts an expected
outcome
« Aunit or subset of the research problem
« Characteristics of hypotheses » Directional vs. Non-Directional
— Declarative statement that identifies the Hypotheses
predicted relationship between 2 or more — Directional hypothesis
variables » Specifies the direction of the relationship
— Testability between independent and dependent
— Based on sound scientific theory/rationale variables
— Non-directional hypothesis
« Shows the existence of a relationship between
variables but no direction is specified
SLICES Summer School 2023 Data Science Projects and Research Methods 25



— Hypothesis Testing

Explain the nature of relationships

Establish differences among groups or the interdependence of two or more factors
In a situation

Explain the variance in the dependent variable or to predict experiment/test
outcome.

Revisit statistical hypothesis testing
— AB testing (null hypothesis and alternative hypothesis), ANOVA and t-test

SLICES Summer School 2023 Data Science Projects and Research Methods
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— Examples of different types of research

g BaSiC/Fu ndamental Research Basic Research aims to expand the frontiers of science and

» Correlation-prediction

« Experiment

« Survey-questionnaire

* Theory construction

* Trend analysis
 Applied Research

« Case study

« Comparison
 Business Research

* Analysis

« Evaluation

» Design-demonstration

« Status

SLICES Summer School 2023

knowledge by verifying or disproving the acceptability of a
given theory or attempting to discover more about a certain
concept (non-specificity)

Example: How does motivation affect employee
performance?

Applied Research focusses on a real-life problem or
situation with a view to helping reach a decision how to deal
with it (Specificity)

Example: Should Corporation X adopt a paperless office
environment?

Data Science Projects and Research Methods
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— What is basic research

The goal is to produce new knowledge, which takes three main forms:

« Exploratory research, which structures and identifies new problems
« Constructive research, which develops solutions to a problem

« Empirical research, which tests the feasibility of a solution using empirical
evidence

« Research can also fall into two distinct types:
— Primary research
— Secondary research

« Research is often illustrated using the hourglass model.

SLICES Summer School 2023 Data Science Projects and Research Methods
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—Z/ — Hourglass Model

RESEARCH EVALUATION
Seek to generate Information for y HypOtheSiS CheCking based on
new knowledge decision making key element of the suggested

model

Researcher-focused Stakeholder-focused

 (Observable data must validate
the hypothesis

Hypotheses Key Questions

METHODS ANALYSIS

Recommendations
based on key questions

Make research
recommendations

Publish results Report to stakeholders

[ref] https://aeca365.org/blog/john-lavelle-on-describing-evaluation/

SLICES Summer School 2023 Data Science Projects and Research Methods 29
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— Different types of Research

\

Quantitative (data in numbers)
Qualitative (data in words)
Exploratory research
Constructive research
Empirical research

Primary research

Secondary research

Case studies

Cohort research

SLICES Summer School 2023 Data Science Projects and Research Methods
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— Data Driven Research Process models (after Data Science Analytics)

\

* Cross Industry Standard Process for Data Mining (CRISP-DM)
« ASUM (Analytics Solutions Unified Method) by IBM
* Microsoft TDSP (Team Data Science Process)

SLICES Summer School 2023 Data Science Projects and Research Methods 31
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— — What is CRISP-DM?

» Cross-Industry Standard Process for Data Mining

* Outcome of the European Union project under the ESPRIT funding initiative in 1997
— Integral Solutions Ltd (ISL), Teradata, Daimler AG, NCR Corporation, and OHRA
— Founding CRISP-DM Consortium Members: DaimlerChrysler, SPSS and NCR
e Aim:
— To develop an industry, tool and application neutral process for conducting Knowledge Discovery
— Define tasks, outputs from these tasks, terminology and mining problem type characterization

 CRISP-DM Special Interest Group ~ 200 members

— Management Consultants
— Data Warehousing and Data Mining Practitioners

SLICES Summer School 2023 Data Science Projects and Research Methods 32
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";/ ‘ \\—— CRISP DM Process: Processes and Data Lifecycle (1)
Cross Indust
— for Data Mini;ygS(%]Ir'\]’?glggIZI)DI\r/IO)CeSS
Global view CRISP-DM model and stages

« Business understanding

Mon,tor,ng e — - Data Understanding

] [ Data Understanding ] Data access: « Data preparation

>
Deployment Deployment

— Process monitoring
Model representation: Model generation: business decision making
PMML [ J SQL/MM, ML

\ /The Predictive Model Markup Language (PMML)
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B NI CRISP DM Process: Processes and Data Lifecycle (2)

I\
/\
Cross Industry Standard Process
| — for Data Mining (CRISP-DM)
Global view: CRISP-DM model and stages
* Business understanding
[Monitoring _ R « Data Understanding
[ Ung:fs':‘aens;ng ] [ Data Understanding ] Data access: . Data preparation
. API, SQL/NoSQL — Data Validation
IClt(«)udtbasted Big Data (f_\ \ . Modelling
wsc - [ Data Preparation e Evaluation
[ S ] Validation * Deployment
Data — Process monitoring
[ S ] All stages are iterative with the
goal to achieve effectiveness for
Model representation: _ Model generation: business decision making
PMML [ Evaluation J SQL/MM, ML

\ / The Predictive Model Markup Language (PMML)

SLICES Summer School 2023 Data Science Projects and Research Methods 34




|

N

- ASUM (Analytics Solutions Unified Method) by IBM

\\l//

—
N
| \\

 Analyze. Requirements specified and agreed; contract or services agreement is signed.
 Design. Define all components of the solution and their relationships and dependencies,
identify necessary resources.

 Configure and Build. The solution is developed, all components are integrated and
configured.

 Deploy. Create a plan to run and maintain the developed solution, including configuration
management and migration plan if necessary.

 Operate and Optimize. The solution is operational is monitoring data are collected and
maintained.

Operate &
Optimize

Data Preparation Knowledge Deploy Monitor

Model Building Transfer Maintenance Prep.  Optimize Operation
Readiness check Model Evaluation QA Validation  Transfer to Support  Support Users
Business Understanding Deployment Definition Launch Governance
Data Understanding Test & Operation Strategy
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— — TDSP (Team Data Science Process) by Microsoft

/ '\
/ \
« TDSP is an agile and iterative process model Data Science Lifecycle

— Refactored into Azure DevOps in 2018

— Currently supported by MLOps e

Understanding

e Includes components
— Adata science lifecycle definition

« The lifecycle includes five sequential phases:

— Astandardized project structure ”.Bm e
eature Selection
— Infrastructure and resources recommended for T oata filii?‘:.i:i?iéﬁ“enw
data science projects P aiing Understanding S:;:;:T;i?;:;?f::;
— Tools and utilities recommended for project
execution ;;?:A‘;:j:';a::’.:z Sl
esting Cleaning Visualization

— Business Understanding Deployment N
— Data acquisition and understanding

— Modeling $ performance

— Deployment Appicabos monitoring, etc.

— Customer acceptance

[ref] https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/overview
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https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/overview

N/ TDSP: Data Science Project Planning

- -~ https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/team-data-science-process-
/ \ project-templates

« Microsoft Project template

» Excel template
https://github.com/Azure/Azure-MachinelLearning-DataScience/blob/master/Team-Data-Science-
Process/Project-Planning-and-Governance/Advanced%20Analytics % 20Microsoft%20Project%20Plan.xlsx

* Repository template https://github.com/Azure/Azure-TDSP-ProjectTemplate

« Walkthroughs executing the Team Data Science Process
https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-
process/walkthroughs

— HDInsight Spark walkthroughs using PySpark and Scala These walkthroughs use PySpark and Scala
on an Azure Spark cluster to do predictive analytics.

— HDInsight Hadoop walkthroughs using Hive These walkthroughs use Hive with an HDInsight Hadoop
cluster to do predictive analytics.
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https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/walkthroughs
https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/walkthroughs
https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/walkthroughs-spark
https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/walkthroughs-hdinsight-hadoop
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— Summary and Takeaway

« Data Science is a creative process

« To effectively work as a research in data driven research you need to know
— Research methods
— Statistics
— Data Science and Data Analytics tools (act as a Data Scientist)
— General IT and Data Science projects management -> DevOps and MLOps

« CRISP-DM is widely recognized model to Data Analytics that defines sequential
step in performing data analytics projects from data and business understanding to
model building and evaluation

* Practical Data Science and Analytics projects require consistent data management
during the whole data lifecycle
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 Different types of research in details
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— Different types of Research

\

Quantitative (data in numbers)
Qualitative (data in words)
Exploratory research
Constructive research
Empirical research

Primary research

Secondary research

Case studies

Cohort research

SLICES Summer School 2023 Data Science Projects and Research Methods
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— — Quantitative Research

/

4 \

\

Data in numbers

Investigates the why and how of decision making, as compared to what, where, and
when of quantitative research.

Quantitative research is the systematic scientific investigation of properties and
phenomena and their relationships.

The objective of quantitative research is to develop and employ mathematical models,
theories and/or hypotheses pertaining to natural phenomena.

The process of measurement is central to quantitative research because it provides the
fundamental connection between empirical observation and mathematical expression of
quantitative relationships.

Quantitative research is widely used in both the natural sciences and social sciences,
from physics and biology to sociology and journalism. It is also used as a way to
research different aspects of education. The term quantitative research is most often
used in the social sciences in contrast to qualitative research.
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. Qualitative Research

\

Data in words

* Involves an in-depth understanding of human behavior and the reasons that govern
human behavior

* Qualitative research relies on reasons behind various aspects of behavior. Simply put,
it investigates the why and how of decision making

« The need is for smaller but focused samples rather than large random samples, which
qualitative research categorizes data into patterns as the primary basis for organizing
and reporting results.

« Qualitative researchers typically rely on four methods for gathering information: (1)
participation in the setting, (2) direct observation, (3) in depth interviews, and (4)
analysis of documents and materials

SLICES Summer School 2023 Data Science Projects and Research Methods
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Exploratory Research

Is a type of research conducted because a problem has not been clearly
defined.

Helps determine the best research design, data collection method and
selection of subjects.

Given its fundamental nature, it's often concludes that a perceived
problem does not actually exist.
— Still an important activity: Negative results often tells more than positive

SLICES Summer School 2023 Data Science Projects and Research Methods

44




— Constructive Research

* Is perhaps the most common computer science research method.

« This type of approach demands a form of validation that doesn’t need to be quite
as empirically based as in other types of research like exploratory research.

« The conclusions have to be objectively argued and defined.

« This may involve evaluating the “construct” being developed analytically against

some predefined criteria or performing some benchmark tests with the prototype.

« Working code is an answer and proof and a way to production

SLICES Summer School 2023 Data Science Projects and Research Methods
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— — Empirical Research

« Any research that bases its findings on direct or indirect observation as its test of reality.

— Such research may also be conducted according to hypothetico-deductive inference
procedures

* Developed in works by R. A. Fisher

— The researcher attempts to describe accurately the interaction between the instrument
(or the human senses) and the entity being observed.

— If instrumentation is involved, the researcher is expected to calibrate her/his

instrument by applying it to known standard objects and documenting the results
before applying it to unknown objects.
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Primary Research

* Primary research (also called field research) involves the collection of data that don't already
exist.

 Methods of collection primary data

Observation: Looking at and recording what people do and how they behave. Today, store
cameras can be used to observe consumer behaviour

Experiments: Market researchers can use experimental techniques. e.g. test marketing, blind
taste tests

Surveys: Involves asking questionnaires to respondents

Consumer panels: Select a group of consumers that the company regularly surveys to identify
changing attitudes
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— — Secondary Research

« Secondary research (also known as desk research)

— Involves the summary, collation and/or synthesis of existing research rather than primary
research, where data are collected from, for example, research subjects or experiments.

— The term is widely used in market research and in medical research.

— The principle methodology in medical secondary research is the systematic review, commonly
using meta-analytic statistical techniques, although other methods of synthesis, like realist
reviews and meta-narrative reviews, have been developed in recent years.

» Current issues with executive papers and open data linked to academic papers
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— Case Study
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« Gathers in-depth information on a single entity

* Problem solving techniques

* Involve contextual analyses of similar situation in other organization
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—~ — Cohort Studies
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« [Wikipedia] A cohort study is a particular form of longitudinal study that samples
a cohort (a group of people who share a defining characteristic, typically those
who experienced a common event in a selected period, such as birth or
graduation), performing a cross-section at intervals through time.

« Often form of research in medical studies
— Think about COVID-19
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- — Types of Investigation

 Clarification
» Clear understanding of the concept
» Related to exploratory and descriptive study

* Correlational
« At least two concept or variables move simultaneously

« Causal relationship/experimental/group comparison
* One concept or variables causes a movement in another concept or variables
* True experiment vs quasi-experiment
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