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Abstract

In this paper, analyze the statistical data analysis using Python. In Phyton, user can able to run multiple
analyses at the single time and data visualization, analytics are more productive. In this paper, 10 data’s
of sodium perform in two different devices and check correlation, t-test, chi-square test, oneway
ANOVA in Python. Different proposed structures of Data Science and address the impact of statistics
and data analysis.
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1. Introduction

Data analysis is the process of cleaning, transforming, and analyzing raw data to obtain usable, relevant
information that can assist businesses in making educated decisions. By giving relevant insights and
data, which are commonly presented in charts, photos, tables, and graphs, the technique helps to lessen
the risks associated with decision-making 11,

Data Analytics are commonly performing in Excel. When compared with Excel, other statistical
software’s such as Phyton and R has more advanced techniques than Excel. For Example. Data analysis
in Excel need to add on Analysis tool pack and perform the data analytics tools what it listed 1. End user
amend any data points, need to run these respective tools again and data visualization is limited in MS
Excel. Excel provides a range of built-in statistical functions, but it may not offer the breadth and depth
of statistical analysis capabilities available in dedicated statistical software or programming languages
like Python or R 1,

Python is a general-purpose programming language that provides more flexibility and scalability
compared to MS Excel. It can handle large datasets and perform complex calculations more efficiently.
Python allows you to automate repetitive tasks, build custom workflows, and integrate with other tools
and libraries for advanced data analysis. Python libraries such as Pandas and NumPy provide powerful
tools for data manipulation and transformation. These libraries offer efficient data structures, such as
DataFrames, that allow you to easily filter, aggregate, reshape, and join datasets. Python also supports
regular expressions for complex text processing tasks, where in Excel primarily designed for manual
data entry and analysis, lacking robust automation capabilities. It can be challenging to automate
repetitive tasks or build complex data analysis workflows. Excel also has limitations in terms of
reproducibility, making it harder to document and share analysis steps or ensures consistent results
across different users or versions of the spreadsheet 1,
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In this article, describe the data analysis and visualization of Electrolyte data in 2 testing devices in
Python with various statistical tools.

2. Methods

2.1 Experimental Design

10 samples are performed in two different devices for Sodium analysis.
Total datasets is 20 (10 rows x 2 columns). Datas are listed below table.,
2.2 Data Analytics tools

Results obtained two difference device are calculated in

Correlation

t-test

Chi square test

One Way ANOVA

using Python in Google Colab.

3. Results and Discussion

Datas performed in two different devices has Microsoft excel format and this sheet uploaded into
Google Colab.

Data Analysis in Google Colab explained in following steps.,

3.1 Create Python Notebook

Open Google chrome and then open Google Colab (https://colab.research.google.com)

Click New Notebook

3.2 Importing Library

Once create new notebook, and import library as pandas and numpy.

[ 1 import pandas as pd
import numpy as np

Fig 1 — Import of Numpy and Pandas Library

Numpy and Pandas widely used for Data sciences, Machine Learning and Scientific Computing and they
complement each other in many application. Numpy is used for numerical computing, Core
Functionality, Array Operation, Integration with Low Level Launguages. Pandas is used for Data
structure, alignment, cleaning and analysis P,

3.3 Importing Dataset

Dataset in Excel / CSV / text form need to upload in Python form analysis.

~ import files

[ 1 from google.colab import files
uploaded = files.upload()
No file chosen Upload widget is only available when the cell has been executed in the current browser session. Please rerun this cell 1o enable
Saving Electrolyte_dataset_1.xlsx to Electrolyte_dataset_1.xlsx

~
~ Read Data

[ ] dataset = pd.read_excel('Electrolyte_dataset_1.xlsx')
print("Mo of Rows & Column :", dataset.shape)
print(dataset.head(1e))

Fig — 2 : Read data — Upload Data into Excel file.
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3.4 Data Analysis

Purpose is to check the correlation of two devices performed in same sample. 10 rows and 2 columns
selected and total data is 20. Data cleaning not required for this small size sample analysis. If large size
data, data cleaning and outlier check need to execute.

In this analysis, following parameters are listed to check the effectiveness of correlation of two devices.
3.4.1 Correlation

In Correlation analysis in Python, ‘seaborn’ Library need to import for graphical presentation such as
correlation graph, distribution plot.

Install seaborn library in Python as !pip install seaborn.

Seaborn is widely used in data analysis, exploratory data visualization, and generating publication-
quality graphics. It complements the functionality of other data analysis libraries in the Python
ecosystem, such as NumPy, Pandas, and SciPy. By leveraging Seaborn's capabilities, you can create
visually engaging and informative plots to effectively communicate your data analysis results.

Then correlation plot and distribution plot performed for this dataset.

- Correlation Graph

o sns.relplot{x = 'DEVICE 1', y = "DEVICE 2', hue = "DEVICE 2', data = dataset)

O+ «<sesborn.axisgrid.Facetarid at ex7fsacbbd2chba:
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Fig 3 : Correlation co-efficient - Scatter Graph
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» Distribution Plot

° sns.displot{dataset, x = 'DEVICE 1', ¥ = "DEVICE 2", legend = "true")

[+ «seaborn.axisgrid.FacetGrid at ex7fsblfSa3ebex
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Fig 4 : Correlation Graph — Distribution Plot
- Correlation

o sns.regplot{x = 'DEVICE 1', ¥ = 'DEVICE 2°, data = dataset)

C+ <Axes: xlabel='DEVICE 1', ylabel='DEVICE 2'>»
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Fig 5 : Correlation — Regression Plot
Correlation calculation of two devices calculated in Python through DataFrame() function.

[ 1 data = dataset
df = pd.pataFrame{data}
primt{df.corr{})}

DEWICE 1 DEVICE 2
DEVICE 1 1.282088 @.995214
DEWICE 2 @2.995214 1.820022

Fig 6 : Correlation Summary
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Detailed correlation summary of slope, Intercept, r2, p-value are detailed as below image.,

o import scipy.stats
® = dataset[ 'DEVICE 1']
¥ = dataset[ 'DEVICE 2']
result = scipy.stats.linregress{x,v)}
primt("SLOPE : ",result.slope)
primt{"Intercept :",result.intercept)
primt("r value :",result.rvalue}
primt({"p value :",result.pvalue}
prinmt("standard Error :",result.stderr)
if{result.pvalue<8.85):

print{"THERE IS MO SIGNIFICANT DIFFERENCE BETWEEM TwWO DEVICES. BOTH RESULTS ARE CORRELATING™)

print{“THERE IS SIGNIFICANT DIFFERENCE BETWEEN TwWO DEWICES")

C SLOPE : 1.1818813343217282
Intercept : -28.134825283854776
r value : @.9952132871772019
p value : 2.28152281748759852-49
standard Error : 9.841824786549284905
THERE IS N3 SIGNIFICANT DIFFERENCE BETWEEM TW® DEVICES. BOTH RESULTS ARE CORRELATING

Fig 7 : Correlation summary

In this statistical Analysis, Device 1 and 2 result correlate as 0.995214, observe > 0.9. It seems Values
are equal in both the analyzers and No statistically difference between these two devices. Standard Error
of these two data sets has 0.041 [6],

3.4.2 t-test

The t-test is a statistical hypothesis test used to determine if there is a significant difference between the
means of two groups or samples. It is commonly employed when the sample size is small (typically, less
than 30).

In t-test perform in Python, need to install pingouin Library as !pip install pingouin, import t, ttest_ind
from scipy.stats ["]

import numpy as mp

i 1t pingouin as pg

i t matplotlib.pyplet as plt
from scipy.stats import €

from scipy.stats import ttest_ind

data_groupl = dataset['DEVICE 1°]

data_group2 = dataset['DEVICE 2']

result = pg.ttest(data_groupl, data_group2, correction= True)
t_stat, p_val =ttest_ind(data_groupl, data_group2}
print(result)

plt.hist({data_groupi, alpha=2.5, label='DEVICE 1'}
plt.hist({data_group2, alpha=2.5, label='DEVICE 2'}
plt.legend{loc="upper right")

plt.axvline{np.mean{data_groupl}, color="blue", linestyle="--'}

plt.axvline{np.mean{data_group2}, color="red", linestyle='--'}
plt.axvline(np.mean{data_group2) + t_stat*np.std(data_group2)/np.sqri(len{data_group2)), color='red’, linestyle="--")
plt.text({np.mean{data_group?)} + t_stat*np.std{data group?)/np.sqrt(len{data_group2)), 2.25, "t = {round{t_stat, 2)}, p = {round{p_val, 2)}", rotation=9@)
plt.show(}
T dof altermative p-val CI%s%  cohen-d

T-test @.762824 17.433455  two-sided @.45%622 [-5.1, 18.2] @.341176

BFle pouer
T-test 2.488 8.111678

Fig 8 : t-test Data Analysis
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t-value is 0.762 interpretated that group-1 mean has higher than group-2 mean. P-value indicate that
0.455692, observe more than (>0.05), there is no statistical difference between group-1 and 2. Results
are correlating [

t-test distribution graph detailed in below image.,
T-Distribution Plot
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Fig 9 : t-test Distribution Graph

3.4.3 Chi Square Test

The chi-square test is a statistical hypothesis test used to determine if there is a significant association or
difference between two categorical variables. It is particularly useful when dealing with categorical data
and is often employed to analyze data in fields such as social sciences, market research, and biology.

Chi square details are listed as below.,

» Chi Square Test

from scipy.stats import chi2_contimgency

data = [dataset['DEVICE 1'], dataset['DEVICE 2']]
stat, p, dof, expected = chi?_contingency{data)
alpha = .85

primt{str{p))
8.9999999786877934

Fig 10 : Chi -Square test

As per chi-square test is 0.99999, it seems that both datasets are perfectly correlated. There is no
statistical difference obtained in two datasets.
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3.4.4 One Way ANOVA

One-way ANOVA (Analysis of Variance) is a statistical test used to determine if there are any
statistically significant differences between the means of two or more groups. It is designed to compare
the means of multiple groups simultaneously, rather than comparing pairs of groups as in t-tests.
Perform one way ANOVA in Python need to import f_oneway from scipy.stats

One way ANOVA results in Python detailed as below.,

- One way Anova

[ ] from scipy.stats import f_oneway
groupl = dataset[ 'DEVICE 1°]
group2 = dataset[ 'DEVICE 2"]

_oneway (groupl, group2}

F_onewayResult{statistic=0.5828859284152252, pvalue=8.4554893195981875)

Fig 11 — Oneway ANOVA results

F-statistic of 0.5820 does not provide strong evidence to reject the null hypothesis. This suggests that
there are no significant differences among the group means.

The p-value of 0.4554 is larger than the commonly used significance level of 0.05. This indicates that
the observed differences in the group means are not statistically significant at the chosen significance
level. In other words, there is not enough evidence to conclude that the means of the groups differ
significantly from each other [,

In summary, based on the provided results, there is no significant difference among the group means
being compared in this one-way ANOVA analysis.

4. Conclusion

Same dataset performed different statistical approach in Python to get.,

e Detailed conclusion of users

e Time is less

e Data’s are produce with lot of statistical and graphical presentation.

In Python, in this same code need to check different type of datasets without addition of program.
In this overall findings, Python has good Data analytics tools check data’s in all aspects.
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