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Data Science Reporting

Why to bother?

As a scientist, you are a professional writer.

Joshua Schimel, Writing Science
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Before we start PROFINIT

Data science report

> Have you ever produced a DS report?
— Yes, you have!

»  What's your favorite tool for DS reporting?

— Python (Jupyter, Quarto)
— R (Rmarkdown, Quarto)

_ MS Oﬁlce STATISTIKA
— PowerBI
_ Tableau INFORMATIKA : VIZUALIZACE

STROJOVE

» Examples - which report is better and why? ]




Examples based on a research project
Pseudosocial networks
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Report types



Report types based on PURPOSE
What story am | going to tell?
» A: Data description

— Let's take a look & briefly describe this new dataset

> B: Exploratory analysis

— Let's dig into data to find some stories,
relations, distributions etc.

» C:. Explanatory analysis

— Let's answer some hypothesis | have.

> D: Model overview / Monitoring report CRISP-DM

— | have a model/s and a need to inform about its performance, outputs, ...

-'Q: Do not mix them. Split the report (at least using paragraphs/chapters)



Report types based on PURPOSE

Let’s practice

Tltan | C Datas et OverV| eW id Tgt Cls Name Sex Age Sib Pch Ticket Fare Cabin Embarked
1 0 3 Owen Harris M 22 1 0 A/5 21171 7.25 S
_ # Observatlons 2 1 1 John Bradley F 38 1 0 PC 17599 71.2833 C85 C
4 1 Jacques Heath F 3% 1 0 113803 53.1 C123 S
— # Variab|es 5 3 WiliamHenry M 35 0 0O 373450 8.05 s
— Do | have an outcome?
— Dataset structure . S s TR
Categorca Distinet (%) 02% e
* Row per passenger? o w0
T Missing (%) 0.0%
« Denormalized data?
. . Toggle details
— Missings
— Variables distributions S SR —
— Outliers e
Infinite (%) 0.0% MNegative (%) 0.0% ° £ ® & #
- Include sanity checks!

(Pandas) ydata-profiling (docs, example - Titanic)



https://pandas-profiling.github.io/pandas-profiling/docs/master/rtd/
https://pandas-profiling.github.io/pandas-profiling/examples/master/titanic/titanic_report.html

Report types based on PURPOSE

Let’s practice

TI tan I C Dat aS et EX p I O ratl O N Id Tgt Cls Name Sex Age Sib Pch Ticket Fare Cabin Embarked
1 90 3 Owen Harris M 22 1 0 A/5 21171 7.25 S
2 1 1 John Bradley F 38 1 0 PC 17599 71.2833 C85 C
— Charts / tables
4 1 1 Jacques Heath F 35 1 O 113803 53.1 C123 S
— Qutcome ~ Variab|e re|ations 5 3 WiliamHenry M 35 0 0 373450 8.05 s

* |s the mortality rate lower among specific subgroup?
» Variable ~ Variable relations

— NA's - missing at random?
— Goal: generate hypotheses (stories)

CLASS ~ AGE on Titanic Survivors on Titanic Fare distribution on Titanic
[ |
cass3 | 39 80 126 63 21 3 3 1 142 cout B 300
S 400 Passenger
3 B Class
100 5 £ 200
dass2 16 19 85 31 13 8 4 10 2 3 Bl cace 1
£ EZUU o . class 2
l]t? 100 class 3
class 1 4 15 41 40 39 33 10 2 22
(0.10] (10,20] (20,30] (30.40] (40,50] (50.60] (60.70] (70.80] NA Mo Yes 0 100 200 300 400 500

Age group Survived Fare [pounds, UK pre-decimal currency]



Survival rate

Report types based on PURPOSE
Let’s practice

Titanic Dataset Explanation

100 %

o
=
=

ra
o
E3

Selecting a subpopulation
Variables transformation

Feature engineering
Outcome modelling

PROFINIT

Id Tgt Cls Name Sex Age Sib Pch Ticket Fare  Cabin Embarked
1 0 3 Owen Harris M 22 1 0 A/5 21171 7.25 S
2 1 1 John Bradley F 38 1 0 PC 17599 71.2833 C85 C
1 JacquesHeath F 35 1 0 113803 53.1 C123 S
S 3 William Henry. M_ 35 0 373450 8.05 S

(or some unsupervised technique, eg. clustering)

Model evaluation

Titanic Survival rate by AGE

(0,10

%
%

0%

(10,20] (2030] (3040 (4n sn] (50,60] (60,70]  (70,80]

NA

Survived

. No
. Yes

Titanic Survival rate by GENDER

100 %

Survival rate
s n —~
5 3 &
= = =

=}
=

female

Survived

. No
. Yes

male

Gender

Titanic Survival rate by CLASS

100 %

75 %

50 %

Survival rate

25 %

0%

Survived

. Mo
. Yes

1 2 3
Passenger Class



Report types based on PURPOSE

Let’s practice

sensitivity

PROFINIT

Titanic Model Overview @ Tgt Cis Name

100%

75%

50%

25%

0% b

— Collecting artifacts
« Performance metrics
» Feature importances, coeficients, shap values, ..

1 0 3 Owen Harris
2 1 1 JohnBradley

1 1 Jacques Heath
5 0 3 William Henry

Sex Age Sib Pch

M
E

E
M

22 1 0
38 1 0
35 1 0
35 0 0

Ticket
A/5 21171
PC 17599

113803
373450

Fare  Cabin Embarked

7.25

71.2833 C85
53.1 C123
8.05

— Comparision to a reference model

Automate it!

Titanic model - ROC

0%

AUC B4%

25% 50% T75% 100%
1 - specificity

Term

sexmale
pclass
age

(Intercept)

Titanic model - coefficients

-6 -4 -2 0 2

LogReg coefficient size

Report modelu AGE (PTKEY)

Build #
Vikonnost [RSQ]
Vykonnost - baseline

2 Wkonnost (all - baseline)

Feat's Type

Kombinace

Kare

Aktudlné

1202

0.578

0423

0.456

51.9%

2020-07-29 00:40:06
304937

216

lace  Top'sModel  Feat'slist  Target

Top 15 feats., tgt "AGE' (Entita: 'PTKEY')

Minule

1201

0.578

0423

0456

51.9%

2020-07-28 04:11:16

364572

216



Report types based on LEVEL OF DETAIL
Typical types of DS reports

» Knowledge report > Business report
— To: — To:
« Co-worker / future me « Customer, management, public
» To be studied on his/her own » To be presented / walked through
—Q Tips: - Q Tips:
» High detall « Strong story line
* Include methodology « Fancy & straightforward graphics
(to be able to reproduce it) « Low detail

« Open questions / not followed paths « Call to action




Report types based on RESOURCES

Who & how will be consuming the story?

> Amount of prior knowledge? o @ y
— Future me x Coworker x Business x General public M

» Amount of time?

— Paper on its own x Paper walked through x Presentation x ...

»  Amount of interaction?

— One man show x Discussion x Interactive exploration
— Online / Offline

Ay



Report Structure



Structure of areport

Academic paper

>

Abstract
— A brief synopsis of the paper — what did | do?

Introduction

— Context+purpose of the study — what's the problem?

Methods

— How did | solve the problem?

Results
— What did I find out?

Discussion

— What does it mean? (an interpretation in a context)

References, Acknowledgements, ...

PROFINIT

Data Science report

Introduction
— What do we do and why?

Data

— What data do we use
— Some basic stats & sanity checks

Methodology

—  This describes your work
(data analyses, problems, findings, model building, ..

)

Summary

— Lessons learned in a brief structured form.

Next steps

— Call to action; open questions



Structure of a story

-O): Pick a storyline & follow it

»  Common structures of a story:

— OCAR
» Opening = set up story, describe data
« Challenge = the problem you‘re going resolve
« Action = gradual revealing the evidences
» Resolution = summary, conclusions, call to action

— ABDCE (Action — Background — Development —
Climax — Ending)

4
— Journal article (Lead — Development) ]
BrONWNG ¥ Moo ¥ En

TENSION




Structure of a story

Let’s practice — what story should | pick?
A: Data description y C:

)

,Let me introduce you my dataset.” —

It's all right, there are no problems
(or are there any?)

Do | have enough data to tell a story... > D:

. Exploratory analysis -

Sometimes it's part of an assignemnt
Outcome-related (if any outcome)

Do some explorations & pick the most
promissing ones

PROFINIT

Explanatory analysis

Describe your hypothesis, show relevant
data and proceed with feature
engineering and modelling

Model overview

Let me show you the model is all right..
It's strengths and weaknesses

This is how it defeats the champion



Structure of a story

But story needs to follow your data...

JRONAVIRUS

FLORIDA CONFIRMED CASES

... and not vice versa

No Facebook Arthur é
responsavelpor 40% de
toda interacao envolvendo
candidatos a prefeitura.

© IA0%
© may

" 1% | -

NolInstagramavantagemé ' & ;57000 ‘
ainda maior, onde Arthurdo | WJL""H )
Val acumula 44%. :

SATURDAY’S RESULT

Can Julia Gillard win
the next federal election?

MAIO’2018 TODAY’S
QUESTION

Do you like the plan to remove

& m36% ARTHU
acarlane of the Princes Bridge

P I11%

; A D EI-A | DE for sole use by cyclists?
YES 1900 956 434
NO 1900 956 435

Calls cost 38.5¢c including GST. You
can also have your say at
heraldsun.com.au or facebook.com/
heraldsun

See e.g. wif.viz for reference


wtf.viz

Communicating data



Communicating data

age_cut count male_pct mean_fare surv_pct

> Your job is to communicate data oo ®  om w0
(10,207 114 0.588 29785 0.368

» Choice of a channel has a big impact e
(30.40] 134 0.642 44 245 0455

(40,50] 73 0.6%9 51.854 0.342

) Te X t (50.,60] 44 0.500 70.626 0.568
. (60,70] 17 0882 65701 0059

— Good at describing a background/context (7080 3 os mEs 06w

— Slow & tedious to retrieve an information

» Tables Gender distribution | age group
— Structured information, precise, side information o
— Hard to spot trends e
» Charts T
— High signal-to-noise ratio, a quick glance at trends ) |
— May be missleading (un/deliberately), imprecise s a0 s

sex . male . female



Graphs in areport

)

)

)

PROFINIT

Charts are the most efficient way to communicate data e

But they could be harmful, too.

— See viz.witf for reference

4+1 basic rules for charts in report
1) Pick relevant graphs only

2) Use familiar graph types

3) Be consistent

4) Link, annotate & describe

5) Write down what should reader see on the chart.

cole nussbaumer knaflic

———— storytelling
——  with

adata

] E visualization
. ide for
o ess

= |

N nv} WILEY

OREILLY

How Charts Lie Fundamentals
of Data
Visualization

A Primer on Making Informative
and Compelling Figures

Getting Smarter about
Visual Information

Alberto Cairo

Claus 0. Wilke


https://viz.wtf/

Graphs in a report PROEINIT

1) Pick relevant graphs only

» Include all pictures to tell the story. Neither less, nor more.

— Don't force your audience to re-do your investigation.
— Don’t overengineer your charts

Price by passenger class Fare-Age relation
500 . for different Gender and City of origin
Cherbourg Queenstown Southampton
500 ~
400 400
_ 300 g
9 wo S AP A
S 300 5 . st . @®
Q o [
2 S [ TIRLRsn e — PONTAS o et
[ o
S 200 % 500 -
E 400
300 3
100 200 - % s
3 -

L3
100 " e o2 ¥ s i
. —— _f_ L O O~ WV S
O 20 4 6 80 0 20 40 60 8 0 20 40 60 80

! 2 3 Age [years]

Passenger Class
Titanic, train dataset; ) Actually, UK pre-decimal currency
Gender * female * male

Titanic, train dataset
* Actually, UK pre-decimal currency



Graphs in a report
2) Prefere familiar graph types

»  Use as few graph types as possible (if that makes sense)
»  Prefer a graph types with high signal-to-noise ratio

» Is your reader comfortable with the plot type? (include ,how fo‘ othrewise)

Passengers by Age Age of passengers Passengers by Age
NA (0,10]
200 200
150
(70.80]

100
150

50

§ HES & 28 » “g 0

© 100 ]
(60,70]
50
l (50,60] (30,40]
0 (40.50]
(0.10] (10.20](20,30] (30.40] (- 40 50](50 60](60.70](70.80] NA 20 40 60 80
Age [years] Age
Titanic, train dataset Titanic, train dataset

Titanic, train dataset



Graphs in a report PROEINIT

2) Prefere familiar graph types

» If not possible, take your time to describe how to read the plot

How likely is to survive by passenger class

Survival odds ratio (group vs. population) SN (b K l )
WA 00K, oniine

2M
OREILLY"

Fundamentals
. of Data
210 Visualization

A Primer on Making Informative
and Compelling Figures

Survival odds ratio

2
1 2 3
Passenger class

Titanic, train dataset
Column width is proportional to a group size

Claus O. Wilke


https://clauswilke.com/dataviz/

Graphs in a report
3) Be consistent

)

PROFINIT

Use scales wisely to tell the story

— (color, shape, transparency, linetype, ...)

» Follow general conventions

Gender of passengers
— May vary among cultures

Age of passengers by gender
50

)

40

Be ware of defaults

400

30

— F < M(english)vs.M < 7 (czech)

Count
Count

— Changing no. levels among plots
— Same palette for multiple uses

20
200

10

20

40 60 80
Age [years]
male

female

Gender

Gender . male . female



Graphs in a report PROEINIT

4) Annotate, link & describe

» Add appropriate descriptions (title, axes, scales, data source)
— The message must be obvious even if the author is absent.

— Use human readable Strlngs Titanic's fares were discriminating against women
Fare distribution within Gender x Passenger class groups
* *
30 £300
)
@
100 . ? £100
. : sex e . * Gender
i -
s 3 ‘ F 8’ : female
%0 ‘ ; ==Y «° £30 i &
ol (] ‘ male
[(h]
10 + 8 £10 *
. .
3 £3 »
! pcliss : 1st 2nd 3rd
class class class

Titanic train dataset
*)1910's £ 1 ~ 2020's CZK 3400, based on bbc.in/3g505Jg

» Refer each graph in text

— Provide all insights a reader should gain from the plot !!



Interactive charts

> ... are useful. Sometimes.

— to let readers explore the data on their own

— to visualise high dim data, include pop-up labels etc.
> ...are dangerous. Sometimes.

— Putting the burden of storytelling on readers
— May be time-consuming
— Misuse just because it is so cool

O plotly (available for both Python and R)

— Very easy integration into Jupyter/Rmarkdown/Quarto reports



https://plotly.com/python/
https://plotly.com/r/

Report as a code



Report as a code

e &
R BIEX

Some benefits: %
« Manual work massively reduced PDF

Reproducibility

®
Less error-prone Y /

Version control Jupyter

IDE features \-/
© 1Y
'g R A | 4




Jupyter Notebooks

» ,Open-source web application that allows you to create and share
documents that contain live code, equations, visualizations and narrative text

lupyter.org
> No. 1 choice for Python-based research
— Other kernels available, incl. R

»  Web-based IDE
— Pycharm and VSCode compatible

» Various extensions & flavours
— nbconvert
— pretty-jupyter



https://jupyter.org/

RMarkdown

»  Simmilar to JupyterNotebooks

— Text and Code chunks

— Ready to be  knitted’ into .md, .html,
.pdf, .docx and more.

» Various flavours, e.qg.
— Bookdown (e.g. this book)

— PkgDown
— PageDown

No. 1 choice for R-based research
— Other kernels available, incl. Python,

PROFINIT

< e
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£
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AW LR ‘a

title: "Viridis Demo"
output: html_document

= **"{r include = FALSE}
library(viridis)

10 The code below demonstrates two color palettes in the
[viridis](https://github.com/sjmgarnier/viridis) package. Each
plot displays a contour map of the Maunga Whau volcano in
Auckland, New Zealand.

11

12- ## Viridis colors

13

14- " {r}

15 image(volcano, col = viridis(200))
%

17

18 - ## Magma colors

19

20- " {r}

21 1image(volcano, col = viridis(200@, option = "A"))
22
23

Console

~[Documents/rmarkdown - gh-pages - RStudio

Viridis Demo

The code below demonstrates two color palettes in the viricis package. Each plot displays a contour
map of the Maunga Whau voicano in Auckland, New Zealand.

Viridis colors

image (volcano, col = viridis(200))

0.0 0.2 04 06 08 1.0



https://bookdown.org/
https://clauswilke.com/dataviz/
https://pkgdown.r-lib.org/
https://github.com/rstudio/pagedown

Quarto

» Recent product of Posit.co (Rstudio PBC)

— Next gen Rmd/Jupyter

— Document design based on Rmd

— Works with Python, R, Julia and Observable
— Commandline utility + IDE extensions

qmd

qmd

Kknitr

Jupyter

md

md

pandoc

Pandoc

[ or
)

-5

demo.gmd

Users >

jjallaire > Desktop > = demo.gmd
title: “matplotlib demo”
format:
html:
code-fold: true
jupyter: python3

For a demonstration of a line plot on a polar axis, see
@fig-polar.

Run Cel
***{python}

#| label: fig-polar

#| fig-cap: "A line plot on a polar axis"

import numpy as np
inport matplotlib.pyplot as plt

r = np.arange(@, 2, .01)
theta = 2 * np.pi * r
fig, ax = plt.subplots(
subplot_kw = {'projection': 'polar'}

)

ax.plot(theta, r)
ax.set_rticks([8.5, 1, 1.5, 2]}
ax.grid(True)

plt.show(}

PROFINIT

Quarto Preview X

& = U http//localhost:4924/

matplotlib demo
For a demonstration of a line plot on a polar axis, see Fig

» Code

180°

270°

Figure 1: A line plot on a polar axis

ure 1.

<



Quarto vs Jupyter

» Notebook wars by Yi

» Text file vs nested JSON
— GIT, code reviews

» Not stored output vs Stored output
— Out-of-order execution

» Quarto extras
— Multiple output formats, prettier outputs (but pretty-jupyter!)
— More customizable
— Cross referencing, bibliographies
— Can render ipynb, too ©



https://yihui.org/en/2018/09/notebook-war/

Don‘t show the code
producing your report

» The code should stay behind the report, not inside

— Final version shouldn‘t contain code cells
— If anybody needs the code, he/she can read the source file

N 1

-Use jupyter nbconvert notebook.ipynb --no-input
(or echo = FALSE knit-option in .Rmd)

-
Ld

\ll

"\ /-Use --template pj to prettier converted reports
= (check out github.com/JanPalasek/pretty-jupyter

'

How likely is to survive by gender
Sunvival odds ralio (group vs. population)

Survival odds ratio
3 ¥

female maie

Thanic, irain
Cokumn widh 15 propartionsi 10  gie

How likely is to survive by passenger class
Survival odds ralio (group vs. population)

i
! ]
H
@



https://github.com/JanPalasek/pretty-jupyter

Reuse the code

producing your report

» Thereportis acode. Follow general SWENG best practices

— E.g., don‘t repeat yourself (and others)
— Use functions etc., define them elsewhere!

S~
/—’ jupyter
e’ "
b ¥ A ’
jupyter *




Reuse the code

producing your report

Q .Rmd/.ipynb are parameterizable

» Reproducibility is of the first concern
— Watch out seeds of randomness.

— Don‘t get paralysed.
It's better to fix the data and have a new version of the report if needed.

In the dataset, we have 'r ncol (data) columns and r

nrow (data) = rows. There are 'r n distinct(dataSgroup)
groups. r ifelse("sex" %1in% names (data), "There is a

"") N

gender column:",
" {r, eval="gender" %in% colnames (data) }

# some code



Few more tips



Few more tips

» Producing efficient reports is not trivial

» Few more tips
— Do not overhelm your audience
— Shape your story to fit your audience
— Getting better every day




Few more tips PROEINIT

Don‘t overwhelm your audience

» Don‘t force your audience to re-do all your work!

— That was your job. You know the data and the goal.
— Do not include all possible charts/tables.

\'I

"\ /<~ Use a collapsable content for extra details (e.g., <details></details>)

» Reportis not evidence of your hard work!

— Research is full of misleading paths. Think — is it beneficial to include them?

-'Q: Use GIT to track your work instead. It can help you with text tracking, too.

» Be as wordy as needed. But not more!

— Link to textbooks, don‘t write them

— Typically, the use of bullets is enough, no need for long paragraphs



Few more tips PROEINIT

Choose your story

» Pick a starting point known by your audience

» Do not hesitate to cut-off not-followed options

— You know the data and the goal. You are telling the story.
— Same applies when, e.g., setting thresholds, selecting population etc.

~. Comment your actions to ensure the reader you are aware of your decision.

=  It's great to provide a list of the next possible steps in the conclusion.

» Follow just one storyline at a time
— Typically, it's better to dedicate a report to each story you'‘d like to tell.




Few more tips

Getting better every day

)

Watch out reproducibility

— Re-run all cells once in a while
— There is a shortcut for that. ©

Watch out for feedback

— Write - Present - Get feedback - Adjust.

Know your IDE by heart

— Actually, there is a shortcut for
pretty much everything

PROFINIT

-
WELL, You've BEEN A
PRETTY 600p HosS, ) GUESK.
HARDWORKIN.  NoT THE

FASTEST CRITTER | EVER
COME ACROST, BVT...

No, STUFID, AMoT
FeepBack. [/
SAID | WANTED
A FeEDBAG.
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Questions?




Literature

» Joshua Schimel: Writing science

» Cole N. Knaflic: Storytelling with data

> Alberto Cairo: How charts lie

» Clause O. Wilke: Fundamentals of data visualization
> Yihui Xie: Rmarkdown

> Wes McKinney: Python for Data Analysis




Thank you
for your attention

Profinit EU, s.r.0., Tychonova 2, 160 00 Praha 6
PROFINIT Tel.: + 420 224 316 016, web: www.profinit.eu

m Linkedin g Twitter n Facebook Youtube
linkedin.com/company/profinit twitter.com/Profinit_EU facebook.com/Profinit.EU Profinit EU



