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This Lecture
Content

» Excel and Python tools in a nutshell
» data visualization: data size and data complexity
» data visualization: chart/ plot types

> conclusion
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Excel and Python tools in a nutshell
Excel / Python tools (jupyter, pandas, matplotlib)

> Excel:

O

@)
O
O

Microsoft product
desktop application
intuitive handling

multifunctional:
- spreadsheets for data handling
- allows complex data analysis
allows data visualization

has some relevant limitations in
comparison to python tools

» Python tools:

o open source: non-proprietary, transparent
o Python:

—  programming (scripting) language

—  easy to learn, very powerful and flexible
o jupyter notebook:

—  browser-based application

— integrates code, code output and documentation
o pandas and matplotlib

—  python libraries (pandas: data processing,
matplotlib: data visualization)

—  fast, powerful, flexible, easy to use, very robust
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Data size and data complexity
Small and simple data sets

Typical scenario: A B C ;

1] plant size [cm]
o manual data acquisition 2 | location A location B 51
: . o 3 5.1 3.5 E
— o
o rapid data visualization 4 49 3 s a |
5 4.7 3.2 £,
Some pros and cons: 6 1.6 3.1 3
7 5 3.6 @5 |
. g 1 au
(+) very intuitive 8 | 5.4 4.9 a
. l 4
(+) quickly ready for use ? |
10
| o |
(-) requires intermediate 11} average 4.95 3.35 mlocation A ® location B
steps (average, stddev) 12| stddev  0.2629956 0.6396614
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Data size and data complexity
Small and simple data sets

plot = data.mean().plot(kind="bar", color=["blue", "orange"],
yerr=[data.std(ddof=8)[8], data.std(ddof=8)[1]],
capsize=3)

import pandas as pd plot.set_ylabel(“"average plant size [cm]", fontsize=14, labelpad=8)
. i t matplotlib.oyplot 1t plot.tick params({axis="both", labelsize=14)
E;()rT1EB F)F()ES Eir](j cons. HIpOrT MEFpROT IR PYRTOT 95 P plot.tick _params({axis="x", labelsize=14, rotation=45)
) A i plt.show()
data = pd.read_excel("simple_small_ds.xlsx",
(+) requires no intermediate ata engine="openpyx1") .
steps t
o
; location A location B = 4
(+) faster post processing ocation® Tocation 8 I
] 5.1 35 o
(axes labels, etc.) 23
1 49 30 =
=
. . 2 47 32 g‘ 2
(-) more intricate , i6 . g
' ) = 1
(-) slower general handling 4 50 36 o
5 54 49 0- ?‘ o
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Data size and data complexity
Larger and more complex data sets

ins_dataset_shuffled.csv

Typical scenario: B c D E
sepal length  sepal width  petal length  petal width
o 1 fom] B [cm] fem] B [om] B species
o manual or automated data acquisition 2 6.3 3.3 4.7 16 Iris-versicolor
. . i 3 7.4 2.8 6.1 1.5 Iris-virginica
o more elaborate data visualization 4 6.1 26 5.6 14 Iris-virginica
5 4.8 3.4 1.9 0.2 Iris-setosa
6 5.9 3.2 4.8 1.8 Iris-versicolor

Example data set:

& puthon
sepal_length {cm) sepal_width {cm) petal_length {cm) petal_width (cm) species

o lIris data set in csv-format

o 4 columns with numeric data ° > > o 18 reersicanr
1 T4 28 61 1.9  lIris-virginica
o 1 column with categorical data 2 51 28 56 14 Irsvirginica
3 438 34 18 0z Iris-zetosa
o 150 data points (I’OWS) 4 5.9 32 48 18 Iris-versicolor




Data size and data complexity
Larger and more complex data sets

Intuitive workflow:

o open csv-file in Excel

o generate three data series
corresponding to the categories
in the “species”-column
(manual filtering, copy-pasting,

selecting of data)

o visualize data
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Some pros and cons:

(+) workflow more intricate,
but still intuitive

(-) requires manual re-
organization of the
data set

(-) requires repetitive
execution of work
steps



Data size and data complexity

Larger and more complex data sets

Some pros and cons:

(+) no repetitive execution of
manual work steps
(automated procedure)

(+) reusable code:
code can be gradually
adapted to new
requirements

(-) initial effort is higher

import pandas as pd
import matplotlib.pyplot as plt

df = pd.read_csv("iris_dataset_shuffled.csv”,
names=["sepal_length (cm}”,
"sepal_width (cm)",
"petal_length (cm)”,
"petal_width (cm)",
"species™])

fig, ax = plt.subplots(figsize=(4,4), nrows=1,
ncols=1)
colors = {"Iris-setosa”:"red",
"Iris-versicolor”:"blue"”,
"Iris-virginica":"green"}
grouped_dataframe = df.groupby("species”™)
for key, data in grouped_dataframe:
sl_sw = data.plot(ax=ax, x=6, y=1, kind="scatter",
label=key, color=colors[key], s=6@)
sl_sw.set_xlabel("sepal length (cm)", fontsize=16,
fontweight="bold", labelpad=8)
sl_sw.set_ylabel("sepal width (cm)", fontsize=16,
fontweight="bold", labelpad=8)
sl_sw.tick_params(axis="both", labelsize=14)
sl_sw.legend(bbox_to_anchor=
(1.585, 1.825)).get_frame().set_esdgecolor("black™)
plt.show()

sepal width (cm)

4.5

4.0

3.5

3.0

2.5

2.0

b

u

b

UNIVERSITAT
BERN

®
L * °
; L *e
L L
S
T egmagte .
'. .. L ¢
* @ .;
L
5 6 7 8

sepal length (cm)

@ Iris-setosa
@ Iris-versicolor
@ Iris-virginica




u
Data size and data complexity
Very large data sets

Typical scenario:

o automated data acquisition

o very large file containing the data set

Example data set:

o random value data set in csv-format
o 5 columns with numeric data
o 2°000°000 data points (rows)
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Data size and data complexity
Very large data sets

Intuitive workflow:

o open csv-file as Excel worksheet

o visualize data as shown before
Some pros and cons:

(-) data file cannot be properly opened

(-) data visualization cannot be
performed as expected

10

A B C D E F G H J K

1 |Externa|[]_lata_1: Getting Data ...

2

3

4 .

5 Microsoft Excel x
6

7 The query returned more data than will fit on a worksheet.

B I « To continue and display as much of the data as will fit, click OK.

g = To cancel the query, dlick Cancel. Change the query in the connection to the data source so that less data is returned.
11

12

7



Data size and data complexity

Very large data sets

Some pros and cons:

(+) data file can be opened
without problems

(+) data visualization can be
performed as expected

(-) procedure can require some
computational time
(depending on size of data
set)

11

import pandas as pd
import matplotlib.pyplot as plt

df vl = pd.read_csv('very large dataset.csv',
header=None)

df_vl

0

1

2

3

4

1999995
1999006
1999997
1990008
1999099

1.764052
-0.977278
0.144044
0.333674
-2.552990

-1.802549
-0.145537
-1.513279
-1.401144

0.590211

0.400157
0.950088
1.454274
1.494079
0.65361%

1.129603
-0.260605
1.29477%
1.129229
0.4675616

2000000 rows x 5 columns

0.978738
-0.151357
0761038
-0.205158
0.564426

-0.480182
0.886023
0.267679
1.161400

-1.944715

2.240893
-0.103218
0121675
0.313068
-0.742165

0.374793
1.078775
1.263666
0.434200
-0.343085

1.867558
0.41059%
0.4433863
-0.854006
2269755

-0.183033
-0.236004
-0.360712

1.350349
-0.740190

u

b
UNIVERSITAT
BERN

fig, ax = plt.subpleots(figsize=(4,4), nrows=1, ncols=1)
scatter_plot = df_vl.plot(ax=ax, x=0, y=1, kind="scatter")
scatter_plot.set_xlabel("first column”, fontsize=16,
fontweight="bold"”, labelpad=8)
scatter_plot.set_ylabel("second column”, fontsize=16,
fontweight="bold", labelpad=8)
plt.show()

second column

first column
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Chart / Plot types
Choices

https://support.microsoft.com/en-us/office/available-chart-types-in-office-a6187218-807e-4103-9e0a-27cdb19afb90#OfficeVersion=Windows

Recommended Charts Al Charts

- (bilAR (11 o a8 33 4

Some pros and cons: L Cotmn
l&_‘k Line
® Pie .
(+) some relevant chart types _ % 0| o] \C)l Wl N\ | @ | D¢
are available M A o S8 A N
i i |3_: XY (Scatter) » e _ ; | - OD QQ
(+) chart recommendation is @ Map
available i Stock
ﬁ?— Surface
i . @‘ Radar
(-) choices are very restricted B Treemsp
. @ Sunburst
(-) chart recommendation can fh Hitogrem
be little constructive §8 Box & Whisker .
||]ﬂ|1 Waterfall o
= Funnel Iﬂ @ l?
@ Combo i g @
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Chart / Plot types
Usability

& python’

m Iris-setosa 12 1

ﬁ

 ris-setosa
B ris-versicolor
e ris-virginica

W Iris-versicolor

Use Case: Iris-virginica 10 1

-

: . > 2 8
o histogram of the Iris sepal length e o
E) =)

data g T ©

. & (7]

o separated by species L 4

o integrated in one single chart 21

n_

43 466 502 538 574 61 646 682 718 754 79 5 [+ T 8

sepal length (cm) sepal length (cm)
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Chart / Plot types

Usability

Workflow in Excel:
o open csv-file in Excel

o generate three data subsets
corresponding to the categories
in the “species”-column
(manual filtering, copy-pasting,
selecting of data)

o generate a set of appropriate
bins (manual)

o load and activate the Analysis
ToolPak in Excel

o from the ToolPak use the
analysis tool Histogram to
calculate the bin frequencies for
each data subset

o visualize the frequencies as
individual data sets in a bar plot

See: https://superuser.com/questions/1310668/how-do-i-overlay-two-histograms-in-excel

15
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Some problems with this
workflow:

o very laborious and inefficient

o does not actually generate a
histogram, but a bar plot
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Chart / Plot types
Usabillity

Workflow in Python: minor changes to the existing code for the scatter plot = code for the histogram.

Code for scatter plot Code for histogram
fig, ax = plt.subplots(figsize=(4,4), nrows=1, fig, ax = plt.subplots(figsize=(4,4), nrows=1,
ncols=1) ncols=1)
colors = {"Iris-setosa":"red", colors = {"Iris-setosa”:"red”,
"Iris-versicolor":"blue", "Iris-versicolor”:"blue”,
"Iris-virginica":"green"} "Iris-virginica”:"green”}
grouped_dataframe = df.groupby("species™) grouped_dataframe - df.groupby("species”)

for key, data in grouped dataframe: logRkey Rdatalinbgroupedidataticane:

sl 18 = data["sepal_length (cm)"].plot(ax=ax, kind="hist",
label=key, color=colors[key],
alpha=8.5, bins=18)

sl sw = data.plot(ax=ax, x=8, y=1, kind="scatter”,
label=key, color=colors[key], s=68)
sl _sw.set_xlabel("sepal length (cm)™, fontsize=16,

sl_18.set_xlabel("sepal length (cm)”, fontsize=16,
fontweight="bold", labelpad=8)
sl_18.set_ylabel("Frequency”, fontsize=18,

fontweight="bold", labelpad=8)
s1 sw.set_ylabel("sepal width (cm)"”, fontsize=16,

fontweight="bold", labelpad-8) fontweight="bold", labelpad=8)
sl_sw.tick_params(axis="both", labelsize=14) s1_108.tick_params(axis="both”, labelsize=14)
sl _sw.legend(bbox_to_anchor= sl 16.1legend(bbox_to_anchor=
(1.585, 1.825)).get_frame().set_edgecolor("black™) (1.585, 1.825)).get_frame().set_edgecolor("black")
plt.shou() plt.show()

16



Conclusion: DV Excel versus Python tools b
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When to use which approach ?

> Excel:

17

0O O O O O

small and simple data sets

basic chart types

little complex use cases

for preliminary estimations

for informal presentations/ meetings

if use of code should be avoided

» Python tools:

o larger and more complex data sets
o more intricate chart types

o complex use cases with more elaborate
data visualization

o for data projects reaching a more mature
level

o for more formal presentations/ meetings
o for publications
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for your attention

University Library Bern, Science Library
Dr. Michael Horn, Coffee & Bit(e)s, Spring 2021

www.unibe.ch/ub/sciencelibrary
= see «Coffee & Bit(e)s» for lecture notes

@ https://github.com/ubnpl/Coffee and Bites/tree/main/2021 DV Excel vs Python

=> see «Notebook DV _Excel vs Python 2021.ipynb» for the Python code used



http://www.unibe.ch/ub/sciencelibrary
https://github.com/ubnpl/Coffee_and_Bites/tree/main/2021_DV_Excel_vs_Python
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