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ABSTRACT—  

One of the most crucial preprocessing steps in data science is standardization. Standardization will bring data variables on a common scale which is necessary for 

most of the machine learning algorithms. Our research paper explains the importance of standardization and its effect on machine learning model performance and 

different techniques to achieve standardization [1] [5]. By studying various research articles and empirical analysis we focus on advantages and disadvantages of 

standardization in data science. Our research paper emphasizes the need of standardization in attaining the accuracy in projected data driven results. Theoretical 

concepts of standardization or z-score normalization [11]. By conducting standardization experiments on various datasets, we demonstrate how standardization 

solves the problems of scaling and enhances the machine learning models [3] [6]. This research paper directs data scientists with profound understanding and 

relevance of standardization with practical execution.  
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Introduction  

Data processing is one of the fundamental steps in data science, which shows  a significant impact on analyzing data and machine learning models [9]. 

Standardization is a preprocessing technique in which the data is transformed to maintain mean equal to zero and standard deviation equal to one. This 

research paper probes the concept of standardization its needs and its impact on improving various algorithms through standardization, variables are 

brought on common scale to block any impulses that may occur due to the difference in units and dimensions. Datasets containing variables with different 

units and scales are particularly dealt using standardization. Algorithms that depend on distant measures such as KNN-K Nearest Neighbor [2] and SVM-

Support Vector Machine[1] [10] may give rise to one sided results if data sets are not standardized, our research paper targets to provide extensive 

understanding of standardization which includes theory and practical applications by canvasing both limits and boons of standardization, our approach is 

to offer a logical stand point on  role of standardization in data preprocessing. 

Problem Statement 

Datasets in storage repositories mostly contain features or variables that are measured on different scales, which create difficult challenges during analysis 

of data which is to be used for various machine learning models [8]. Taking an example of data set which contain variables with distinctive scale like age 

calculated in years and profit calculated in rupees can generate hostile results from machine learning models. If we do not standardize variables machine 

learning models may tend towards the large scale variables, giving unnecessary importance to large scale variables which ultimately decrease the accuracy 

of our predictions. The principal problem our research paper tries to find and discuss is standardization of dataset variables and its effects[7]. Through 

this research paper we try to concentrate on how unstandardized data generate misleading outcomes, bring down the machine learning model validity. By 

focusing on those issues, we work towards underlying the significance of standardization in data processing channels. Our research paper also converse 

about the disadvantages of standardization, including lack of interpretation in some circumstances and recommends the contexts in which standardization 

of datasets need to be done effectively[6]. 
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Literature Review 

To examine the effect of standardization, we make use of combined theoretical study and empirical analysis, we initiate by reexamining the basics of 

standardization such as z-score normalization, Standardization of data is one of the most important preprocessing step in machine learning, standardization 

scales features to a uniform range which leads to refine performance in machine learning model. [1] showed that using the correct standardization method 

increases SVM accuracy and decreases errors while the wrong choices gives poor results. [4] provided the standardized variable distance algorithm, with 

more than 90% accuracy achievement rate on datasets which is better than traditional algorithms. [2] proposed the standardized KNN algorithm for 

multimode fault detection, improving accuracy through scale information. [7] established standardization boosts effort estimation in software projects 

through random forest algorithm. [5] mapped ProteinNet, by standardizing protein data for biometrics. [6] Shows standardized imaging process in neuro-

oncology for reconstruction. [3] Shown standardization is perfect for non –Gaussian data, improving model illustration. [11] equated normalization 

techniques, highlighting specific effects of the algorithm. [8] Practiced Hidden Markov Model to handle standardization backing data warehousing. [13] 

Used Machine Learning in Standardization of API data, improving security. [12] Boosted significance of standardization for data integration. Broadly, 

these studies reinforce the necessity of standardization to stabilize generalization and accuracy.  

Methods 

Equations 

One way to standardize input column xi through the formula of  standardization is we create a new column xi’ from xi, you will transform each value of 

column xi with the formula. [3] [10] 

𝑥𝑖
′ = (𝑥𝑖 − 𝜇)/𝜎   (1) 

xi’ is standardized column 

xi is the input column.   

µ is mean of all data values in a column.  

σ is standard deviation. 

xi’ is the new column after standardization.        

𝜇 = ∑ 𝑥𝑖
𝑛
𝑖=1 /𝑛    (2) 

xi is the input column.   

µ is the mean. 

n is number of values in the  column in a dataset 

To calculate the mean µ, we have to calculate the sum of all the values in selected dataset, count the number of values in the dataset then divide the sum 

of the values by number of values. 

𝜎 = √
1

𝑛
∑ (𝑥𝑖 − 𝜇)2𝑛
𝑖=1   (3) 

σ  is standard deviation 

xi  is the input column       

µ is the mean of all the data values in a column 

n is number of values in the column in a dataset 

 Now the good part we need to understand here is when you standardize with this formula (1), you will generate the new numerical values for each item 

of the column xi, which will be xi’. 

Now if we calculate the mean (µ) of these new column xi’  transformed values, your calculated result for the mean value µ will be equal to zero(0) ie µ=0 

and the calculated standard deviation of new column xi’ will be one ie σ =1. This is what happens in standardization, here you will scale  or standardize 

any value by substituting it in the given formula (1), and after scaling the values we get new series of scaled values who definitely acquire the following 

characteristics ie mean(µ)=0 and standard deviation σ =1.  are particularly going to demonstrate this with programming code. 

Methodology 

To examine the effect of standardization, we make use of combined theoretical study and empirical analysis, we initiate by reexamining the basics of 

standardization such as z-score normalization, standardization will be clarified in detail, including its benefits and drawbacks [12], our research paper 
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will provide in and out understanding of standardization, which helps the data scientists to gain the knowledge required to choose correct standardization 

method for the particular case study. We are going to carry a set of practically demonstrating experiments using the datasets of real-world repositories 

such as Kaggle, to know how standardization works on datasets, we will generate scattered plots depicting before and after scaling of datasets, we plot 

the PDF-probability function for before and after scaling of datasets. If the data scientists work on algorithms such as linear regression, logistic regression, 

K-Means Clustering, K-Nearest Neighbor and Support Vector Machine, in these algorithms you calculate distance [1] [2]. The results generated through 

standardization will help data scientists to analyze the improvement in machine learning models. 

Flow Chart 

 

Result and Analysis 

Real Estate and Urban Economics 
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We have selected a dataset named Boston Housing from real estate and urban economics domain whose source is Kaggle dataset repository. Dataset 

contains the following features or columns whose abbreviations are crim, zn, indus, chas, nox, rm, age, dis, rad, tax, ptratio, b, lstat, medv. We selected 

three columns crim ie per capita crime rate by town, zn proportion of residential land zoned for lots for over 25000 square feet. and rm ie average number 

of rooms per dwelling.  

We performed the following activities first we converted the crim and rm columns to numeric in order to handle the nonnumeric values, second we 

performed train test split on crim and rm columns dropping the column zn from the initially selected columns, third we fit and transformed the training 

set and only transformed the testing set with the help of standard scalar method, fourth we generated the scattered plot for trained dataset before and after 

scaling. [3] [10] 

     Standardization of Dataset variables     

     (Real Estate and Urban Economics) 

 

The above first figure shows the scattered plot created for the original trained columns crim and rm of dataset before scaling and second figure shows the 

scattered plot created for the scaled trained columns crim and rm of dataset after scaling. We observe that the value of the mean (2) will be zero and value 

of the standard deviation (3) will be 1 

Table of trained and scaled columns 

 crim rm 

Count 353.0 349.0 

Mean 0.0 0.0 

std 1.0 1.0 

min -0.4 -3.6 

25% -0.4 -0.6 

50% -0.4 -0.1 

75% 0.0 0.5 

max 10.7 3.6 

Financial and Cybersecurity 

We have selected a dataset named credit card fraud detection from financial and cybersecurity domain whose source is Kaggle dataset repository. Dataset 

contains the following features or columns time, v1 to v28, class and amount, v1 to v28 are the features resulting from principal component analysis 

(PCA), class with column value 0 and 1, 0 indicates genuine transaction and 1 indicates fraudulent transaction and Amount is the transaction amount. 

We performed the following activities first we converted the v1 and amount columns to numeric in order to handle the nonnumeric values, second we 

perform the train test split on v1 and amount columns dropping the time column from the initially selected columns, third we fit and transformed the 

training set and only transformed the testing set with the help of standard scalar method, fourth we generated the scattered plot for trained dataset before 

and after scaling. [3] [10] 

Standardization of Dataset variables     

(Financial and Cybersecurity) 
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The above first figure shows the scattered plot created for the original trained columns v1 and amount of dataset before scaling and second figure shows 

the scattered plot created for the scaled trained columns v1 and amount of dataset after scaling. We observe that the value of the mean (2) will be zero 

and value of the standard deviation (3) will be 1 

 

Table of trained and scaled columns 

 V1 Amount 

Count 199365.0 199365.0 

Mean 0.0 0.0 

std 1.0 1.0 

min -28.8 -0.3 

25% -0.5 -0.3 

50% 0.0 -0.3 

75% 0.7 -0.0 

max 1.3 99.7 

Food and Beverage Business. 

 We have selected a dataset named wine quality red  from food and beverage business domain whose source is UCI university of califonia, irvin machine 

learning dataset repository. Dataset contains the following features or columns fixed acidity, volatile acidity, citric acid, residual sugar, chlorides, free 

sulfur dioxide, total sulfur dioxide, density, pH, sulphates, alcohol. 

We performed the following activities first we selected the columns alcohol and pH, second we performed the train test split on alcohol and pH columns, 

third we fit and transformed the training set and only transformed the testing set with the help of standard scalar method, fourth we generated the scattered 

plot for trained dataset before and after scaling. [3] [10] 

Standardization of Dataset variables     

(Food and Beverage Business) 

 

The above figure1 shows the scattered plot created for the original trained columns alcohol and pH of the dataset wine quality red before scaling and 

second figure shows the scattered plot created for the scaled trained columns alcohol and pH after scaling. We observe that the value of the mean  (2) 

will be zero and the value of the standard deviation (3) will be 1. 
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 Alcohol pH 

Count 1119.0 1119.0 

Mean -0.0 0.0 

Std 1.0 1.0 

Min -1.9 -3.7 

25% -0.9 -0.6 

50% -0.3 0.0 

75% 0.6 0.6 

Max 4.2 4.5 

Health and Medicine. 

We have selected a dataset named heart disease from health and  medicine domain whose source is UCI university of California, Irvin machine learning 

dataset repository. Heart disease dataset contains the following features or columns age, sex, cp chest pain, trestbps resting blood pressure, chol serum 

cholesterol, FBS fasting blood sugar, restecg resting electrocardiographic results, thalach maximum heart rate achieved, exang exercise induced angina, 

oldpeak depression induced by exercise relative to rest, slope slope of the peak exercise, ca number of major vesssels, thal thalassemia. 

We performed the following activities first we dropped the missing values from all the columns, second we selected the two appropriate features or 

columns ie  age and trestbps for standardization, third we performed the train test split action on the age and trestbps columns, fourth we fit and transformed 

the training set and only transformed the testing set with the help of standard scalar method, fifth we generated the scattered plot for trained dataset before 

and after scaling. [3] [10] 

Standardization of Dataset variables     

(Health and Medicine) Heart Disease 

 

The above figure shows the scattered plot created for the original trained columns age and trestbps of the dataset heart disease before scaling and the 

second figure shows the scattered plot created for the scaled  trained columns age and trestbps after scaling. We observed that the value of the mean (2) 

will be zero and the value of the standard deviation (3) will be 1. 

 Age Trestbps 

Count 207.0 207.0 

Mean -0.0 -0.0 

Std 1.0 1.0 

Min -2.8 -2.2 

25% -0.8 -0.8 

50% 0.1 -0.2 

75% 0.8 0.5 

Max 2.3 3.7 
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Health and Medicine 

We have selected a dataset named diabetes_all_2016 from health and medicine domain whose source is Data.gov repository which is united states 

government’s open data site. Diabetes_all_2016 dataset contains the following features or columns ct is a unique identifier, bpad blood pressure average 

diastolic, bpan blood pressure average normal, bpan2 blood pressure average normal second measurement, bwad body weight average diastolic, bwan 

body weight average normal, bwan2 body weight average normal second measurement, bmad body mass average diastolic, bman body mass average 

normal, bman2 body mass average normal second measurement. 

We performed the following activities, first we selected all the relevant features or columns for standardization, second we split the data into training and 

testing datasets, third we fit and transformed the training dataset and only transformed the testing dataset with the help of standard scalar method, fourth 

we generated the scattered plot for trained dataset before and after scaling. [3] [10] 

Standardization of Dataset variables     

(Health and Medicine) Diabetes_all_2016 

 

The above figure shows the scattered plot created for all the original trained columns of the dataset diabetes_all_2016 before scaling and after scaling for 

all the scaled trained columns. We observed that the value of mean (2) will be zero and the value of the standard deviation (3) will be 1. 

 CT BPAD BPAN BPAN2 BWAD BWAN BWAN2 BMAD BMAN BMAN2 

Count 273.0 273.0 273.0 273.0 273.0 273.0 273.0 273.0 273.0 273.0 

Mean -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 

Std 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Min -2.1 -1.9 -1.8 -1.9 -1.9 -1.8 -1.9 -1.8 -1.7 -1.7 

25% -0.7 -0.8 -0.8 -0.7 -0.8 -0.7 -0.7 -0.8 -0.8 -0.7 

50% 0.4 -0.2 -0.1 -0.1 -0.2 -0.2 -0.1 -0.2 -0.1 -0.2 

75% 0.6 0.6 0.6 0.7 0.7 0.5 0.6 0.6 0.6 0.6 

Max 3.5 3.4 3.8 3.7 3.4 4.1 4.0 3.5 3.9 3.9 

Conclusion 

Our Research paper explores the standardization of five different datasets boston housing and credit card detection datasets from Kaggle data set 

repository, wine quality and heart disease datasets from UCI dataset repository, diabetes_all_2016 dataset from the data.gov dataset repository. Datasets 

used for standardization are related to different domains such as business, health, medicine and finance, these datasets provide deep insight into their 

respective fields. 

We standardized datasets in order to have consistency in scale among various features or columns to facilitate accuracy and efficiency in data analysis. 

In boston housing dataset through standardization we can improve the performance of regression models which are used in predicting house prices, by 

standardizing credit card detection dataset we can improve the process of detecting the fraudulent transactions, in wine quality datasets standardization 

helped in improving the comparison of  physiochemical properties to anticipate wine quality, heart disease dataset after standardization improves the 

performance of classification algorithms which will aid in exact diagnosis of heart disease, in diabetes_all_2016 dataset through standardization we can 

generate uniform analysis on diabetes related measures which are most important for diabetes health research. The results generated after standardizing 

various datasets show that standardization is a crucial preprocessing step which redefines implementation and performance of machine learning models. 
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