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 Abstract 
Purpose: Data cleaning plays one of  the most important roles to ensure the quality 
and reliability of  data that has been used for various purposes such as data analysis, 
artificial intelligence, decision making, etc. With the ever-increasing amount of  
data in this digital age, it becomes very significant to address the problem of  data 
inconsistency, duplication, incompleteness and inadequacy. 

Design/Methodology/Approach: With the help of  various other research papers 
available online, different point of  views regarding the data cleaning and various 
datasets available as a result of  data cleaning using various techniques.

Findings: The research paper first discusses data cleansing, its steps and the 
significance of  data cleansing in various fields. It also specifies key dimensions 
of  data quality such as completeness, correctness, consistency, accuracy and 
uniqueness. The paper also covers various data cleaning techniques including ETL 
and text mining techniques such as NTLK and NLP techniques. Additionally, this 
paper covers the various challenges associated with data cleansing in RDBMS. It 
explores emerging trends and various advances in data cleansing during OLTP. 
The conclusion of  the study emphasizes the need for a systematic approach to 
data cleaning and the importance of  evaluating and proposing data cleaning. And 
Major technological improvement in this area.. 

Originality/Value: This paper will help us understand the current technologies 
and further advancements that can be made in the data cleaning field.

Paper Type: Theme Based Paper.
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Introduction
In today’s digital era where everything is dependent on 

the digital data; every organisation faces the challenge of  
integrating the data from diverse sources, in different formats, 
structures and quality without any inconsistency. Extract, 
Transform, Load i.e., (or ETL) process is used to clean and 
process the data. However, the success of  these processes 
heavily depends upon the data quality and cleanliness of  the 
integrated data. Therefore, Data cleansing has an important 
role in ensuring the consistency, reliability and accuracy of  the 
integrated data  (Ilyas, 2019). Data cleaning, also known as 
“data cleansing” or “cleaning”, is one of  the most important 
steps in data integration process such as ETL. This includes 
finding and correcting errors and inconsistencies in data to 
improve data quality. Data quality issues like typographical 
errors, grammatical errors, missing information, redundant 
data, as well as invalid data exist in any data collection such 
as files and databases, and when the entire data collection 
needs to be integrated into a data warehouse or anywhere 
then Data cleaning becomes more and more important for 
those databases and systems (Sreemathy, 2021).

Data warehouse needs data cleansing support. They load 
and data from various sources. In addition, data warehouses 
are used for decision-making, so data should be correct to 
avoid wrong conclusions and decisions. Data cleaning is a 
hectic and tedious process most of  the time, but it’s definitely 
worth it to get the best out of  your data, with consistent and 
accurate results (Tang, 2014). Explanation on a scale of  1 
to 100: It costs $1 to prevent bad data, $10 to fix bad data, 
and $100 to fix problems caused by bad data. Therefore, it is 
important to perform data cleaning for best results.

Figure1: Image of the cost of Bad Quality Data Over Time

In machine learning, accurate data is more crucial than 
the most powerful algorithm, because ML models only 
operate on the data they were trained on. If  we train ML 
models with bad data, the final results will be detrimental to 
our organization. Therefore, data cleaning will save our time, 
money and make our organization more efficient.

Literature Review
Everyday increase in the amount of  data and data 

dependency, the focus on data accuracy, consistency and 
reliability has increased the research in the field of  Data 
Cleaning. This literature gives us the review of  nuances of  
data cleaning and its problems, approaches and improvements 
that can address the challenges in future. This research 
has identified the process of  ETL in streamlining the Data 
Cleaning workflows. Furthermore, the literature also covers 
the proactive ETL tools and strategies to prevent errors without 
compromising the quality of  the data. Improved solutions 
leverage AI and NLP to detect and rectify anomalies. In 
this research paper, the existing knowledge of  Data cleaning 
provides the insights into evolving methodologies of  Data 
Cleaning.

Proposed Framework
This proposed framework consists of  several key 

components discussing the current technologies used to clean 
the data and the future improvements that can be done in 
these techniques. Imputation methods are commonly used 
methods which basically predicts the missing values based 
on available information. We have several online tools 
like Oracle Data Integrator, Fivetran, Databricks, Apache 
Airflow etc. We use text mining such as SpaCy, NTLK 
nowadays. But all of  these approaches do not rectify the data 
completely. Every approach has some loopholes associated. 
This research paper introduces us to some improvements by 
integrating AI to the Data Cleaning technologies,   through 
Real-Time Data Processing, version-control systems and 
further improvements are discussed later.

Figure 2: Steps Involved in Data Cleaning

Data Cleaning Methodologies
• Delete Irrelevant Data:

Example: If  you are analyzing Volkswagen car owners, 
but your dataset contains data on Hyundai car owners..

We should also remove hashtags, URLs, emoticons, etc. 
as they are unnecessary parts of  the analysis.
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 • Deduplication:

Example: If  two datasets have the same information and 
results, only one dataset should be considered, otherwise our 
ML model will produce duplicate results every time.

• Correct Structural Errors Such as Spelling 
Mistakes, Wrong Words, etc.:

Example: If  we are analyzing different data sets and one 
data set has the column “male” and the other has the column 
“men”, then we need to normalize the headings.

 • Handle Missing Data:

Scan your data for missing cells, text gaps, missed survey 
responses, and more.

• Filter Data Outliers:

Example: If  you calculate the average score for the entire 
class and a student answered 0 questions, his score will have 
a large effect on the average score. Therefore, you should 
remove his data points so that the result is closer to the 
average  (Ilyas, 2019).

• Check Your Data:

Check that your data structure is correct and that nothing 
is missing or inaccurate because wrong data will surely 
negatively affect organisation’s result. So, Data Cleaning will 
save our time, and money and will make our organisation 
more efficient.

Outlier Detection:
Outliers are the outlying values which means the values 

which are the values that are either too large or too small 
as compared to other values. These values can disrupt the 
whole result. Therefore, it is primarily important to detect 
and remove the outliers. Various Outliers Detection methods 
like Z-Score detection, Linear Regression Models, High 
Dimensional Outlier Detection Methods are used to detect 
outliers. Outlier detection also faces some challenges: It 
is strenuous to know what normal data pattern is and to 
consider what is the outlier in the data as outliers may vary 
from data to data  (Ilyas, 2019).

Flowchart for Data Cleaning Process:
From the below flowchart, we can infer that the raw 

data is being cleaned by the data cleaning tools in the 
transformation stage of  ETL Process. In the first step, the 
tool accepts the raw data and checks its format and structure. 
Then it checks the constraints and various integrity checks 
used in the data. If  any error is found, this cycle begins again 
from checking the constraints and removing the errors till the 

time comes when no error is left in the data. The algorithms 
of  the tools check whether the  data accuracy is above the 
satisfactory level or not; if  the data accuracy is not above the 
satisfactory level, the data cleaning tool starts with changing 
the structure, format and constraints of  the data to make 
them accurate and above the satisfactory level. When the 
data accuracy comes above the satisfactory level, the clean 
dataset is obtained by the organisation in data warehouse 
(Makarov, 2023).

Figure 3: Flowchart of Data Cleaning Process

Data Duplication:
Data duplication is the most common error that occurs 

in data. These duplicate data need to be removed from the 
spreadsheets or any type of  data you are working on because 
it can also generate wrong conclusions and hence lead to 
wrong decision making. Data Deduplication, also known as 
Duplicate Detection or Record Linkage refers to identifying 
the duplicates tuples and removing them. In Ms-Excel and 
Google Sheets, we can apply various methods like Sort & 
Filter and Conditional Formatting to detect the Duplicate 
values. Some more methods that we can use to detect 
duplicates includes hashing, matching, clustering or anomaly 
detection (Chu, 2016)
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Data Warehouse:
A Data Warehouse is a computer system that stores, 

organize, transforms and analyze an organization’s data 
in Online Transaction Processing System (OLTP). It 
is a collection of  data designed to support decisions of  
any organisation. It consists of  the data collected by the 
organization to draw various decisions and conclusions 
from it (Tang, 2014). To facilitate the extraction of  useful 
information, the data needs to be pre-processed and then 
the processed data is stored in a data warehouse. These data 
warehouses are used for analytical data processing. So, for 
data processing we have several integrated parts of  data 
warehouse like ETL process.

Figure 4: Data Warehouse Architectural diagram

Data Pre-Processing in Data Warehouse:
Irrelevant and inconsistent data always increases the cost 

of  the data warehousing. So, Data Pre-processing is needed 
to improve the performance of  system. There are different 
kinds of  pre-processing required for different types of  data.

Classical Preprocessing: It includes Data Fusion Phase, •	
Data Cleaning Phase, Data Structuration Phase

Advanced Preprocessing: It includes Data Summarization •	
Phase (Sreemathy, 2021).

ETL-Driven Cleaning:
ETL stands for Extract, Transform and Load. In 

this process, ETL tools (Oracle, MarkLogic, Segment, 
etc.) extracts data of  different format from large number 
of  RDBMS sources, transforms the data by applying 
computations, concatenations, etc., on the data and finally 
load the processed data into the data warehouse system.

Figure 5: Extract, Transform, Load (ETL) Process

Extract: As in the image given above, the first step of  
ETL Process is to extract the important data from the source 
system and sending it to the transform stage where the 
possible transformations in data are done. The data can be 
extracted from various sources such as database, flat files and 
various other sources.

There are 3 ways to extract data

• Full extraction

• Partial Extraction - No update notification

• �Partial extraction – with update notification (Sreemathy, 
2021)

Transform: The Transform phase converts the data into 
a format that is compatible with the data warehouse. Data is 
transformed using various techniques such as data cleaning, 
data filtering, data transformation, data modelling. Data 
cleansing is part of  the transformation phase of  the ETL 
process and is performed before transforming the data into 
the required format using data cleansing tools (Sreemathy, 
2021).

Load: In this phase, the data is loaded into the 
warehouse in a short period of  time. Therefore, in the case of  
performance, the loading process must be optimized. In the 
case of  a load failure, recovery must start from the point of  
failure without losing data integrity.

There are different types of  loading:

• Initial loading: Populates all data warehouse tables.

• Incremental loading: apply ongoing changes as 
needed. 

• Full refresh: deletes the contents of  the (Sreemathy, 
2021) tables and loads them with new contents 
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ETL Tools for Data Cleaning: 
There are various ETL Tools available in the market. 

Some of  them are:

MarkLogic:•	

It is an ETL tool that uses a set of  advanced features 
to make the data integration process faster and easier. It 
requests different types of  data such as documents, metadata, 
big data, etc.8]]

Figure 6: MarkLogic logo

Oracle Data Integrator:•	

ODI is an industry-leading ETL tool which offers us 
a large range of  Data Warehouse solutions for both in the 
cloud and on-premises. It comes with connectors for many 
databases like Hadoop, ODBC, JDBC, JSON, XML etc 

Figure 7: ODI logo

Amazon RedShift•	

It is very simple, user-friendly and cost-effective tool for 
analyzing different types of  data. It uses standard SQL to 
analyze data (Singh, 2020).

Figure 8: Amazon Redshift logo

Etleap:•	

 Etleap is the perfect ETL tool for enterprise teams that 
need to pipeline the data quickly. With Etleap, we can use 
SQL to phrase, structure and clean data. Pipelining data with 
Etleap is very easy, and as with all issues we encounter, the 
Etleap support staff  quickly identifies and resolves the issues 
(Singh, 2020).

Figure 9: Etleap logo

Segment by Twilio:•	

Acquired by Twilio in 2020, Segment is a platform for 
collecting events from mobile applications. Its powerful 
feature is data capture and delivery, which helps us collect 
data from customer touch points and load it into various 
warehouses. It has a free plan.

Figure 10: Segment by Twilio logo

Fivetran•	

Fivetran is another ETL tool that is great for beginners 
and non-technical teams that need to connect together and 
clean data. However, the platform does not provide any data 
quality control features, which is its biggest drawback.

Figure 11: Fivetran logo

Stitch•	

Stitch is a simple but very powerful ETL tool used by 
teams integrating over 130 data sources. Various enterprise 
teams are using Stitch for tighter security, management and 
analytics.

Figure 12: Stitch logo

Databricks SQL•	

It is a serverless data warehouse running on the 
Databricks Lakes platform. We can run all SQL and BI 
applications. It works with SQL and other powerful tools like 
Fivetran, Tableau and Power BI. Since it is a serverless data 
warehouse, there is no need to maintain the infrastructure of  
cloud services, which is its biggest advantage.

Figure 13: Databricks logo

Apache Airflow•	

It is an open source ETL tool for monitoring workflows 
and data. It consists of  user and command interfaces that 
are characterized by processing data from various sources 
(Singh, 2020).

Figure 14: Apache Airflow logo
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Problems Associated with Data 
Cleaning

Data cleaning is one of  the essential processes in today’s 
era which involves data identification, correction of  errors 
and inconsistencies in the data. Due to increasing data day 
by day, several problems arises during the data cleaning 
process:

Missing Data: •	 Incomplete data and records, even a 
missing value or variable in the data that is to be used for 
the data analysis can be harmful for the analysis and can 
affects the quality of  the data analysis and modelling

Redundancy: •	 Repeated and duplicate data is increasing 
day by day which also makes data analysis difficult and 
confusing. It also causes memory wastage.

Inconsistent Data: •	 Data coming from different data 
sources have different formats; these inconsistent 
representations of  the data can become a major challenge 
to combine the data. It can arise due to the system errors 
during data extraction and collection and then merging 
of  the data can absolutely introduce some errors.

Major Outliers: •	 Outliers are the values that are much 
smaller or much larger than most of  the other values in 
the data set and it can distort the statistical analyses and 
machine learning models

Different Datatypes: •	 Since the data assembled in the 
warehouse comes from the various sources which uses 
different datatypes to create the data, this difference in 
the datatype can make the data inconsistent and difficult 
to understand and merge (Calabrese, 2018).

Approaches Associated with the 
Data Cleaning Problems

Some techniques such as imputation methods such as •	
mean/median imputation, regression imputations or 
multiple imputations can be used to fill the missing 
values. 

Another approach is to eliminate the records that contain •	
the missing data, but it can introduce distortions in the 
results so, it’s better to predict the missing values using 
above mentioned methods.

To remove the inconsistencies present in the data, we •	
can convert the whole dataset into a single data format 
and units. Also, we can apply predefined rules to correct 
the errors like spelling errors or value errors.

Use of  text mining such as NTLK, SpaCy, Apache •	
OpenNLP etc and NLP techniques such as tokenization 
to identify and correct the inconsistencies hidden in the 
text of  the data.

We can even detect the outliers using statistical methods •	
such as z-scire, quartiles or boxplots and after detecting 
we can either remove them or correct them. We can also 
apply the clustering algorithms to identify the outliers 
based on their deviations.

Use of  the Quality Detection tools such as OpenRefine, •	
Trifacta Wrangler, DataCleaner etc can be used to detect 

the quality of  the data based on the predefined criteria. 
Not even that we can also employ the experts for the 
manual inspection of  the dataset for critical datasets 
(Wang, 2019).

The number of  data sources and their degree of  dirtiness •	
also determine data transformation and cleaning steps.

Improvements that Can be Done in 
Data Cleaning Tools

Various improvements can be done in data cleaning tools 
to ensure that the data is cleaned effectively and efficiently. 
Here are some few improvements suggested:

Various algorithms of  data cleaning can be integrated •	
with the artificial intelligence as artificial intelligence 
can learn automatically from the patterns of  data 
formats. This can automate the process of  data cleaning 
and hence can make it easier (Makarov, 2023).

Data Cleaning tools with the limited storage should be •	
extended to unlimited storage so that large amounts 
of  the data can be assembled and can be cleaned 
simultaneously; saving the time of  data cleaning.

Data cleaning tools can be improved and converted to •	
real time data monitoring software which can detect and 
correct the errors in real time (Makarov, 2023).

Data Cleaning tools can be modified to allow the multiple •	
users to collaborate with each other simultaneously and 
also implement version control systems in the tool to 
track the changes made previously so that the user can 
easily go back to the changes made if  they want to.

Some powerful error handling mechanisms can be •	
implemented to handle any type of  error occurring and 
provide the error reports and real-time troubleshooting 
helpline too.

Data Cleaning tools can be improved by improving •	
the UI of  the application. Making a more user-friendly 
interface will help the user to understand the features of  
data cleaning tools easily (Makarov, 2023).

Future Thoughts
Even though there are many advances going on in data 

cleaning, still there are loopholes in every condition. There 
are multiple future research directions available:

We have discussed various methods to detect and remove •	
errors but still many errors remain undetected; therefore, 
in future more expressive integrity constraint languages 
needs to be designed  (Ilyas, 2019).

Involving humans in data cleaning process intelligently •	
needs to be explored.

Next question that needs to be solved is that even after •	
so many advances in data cleaning technology; Is there 
any way to preserve the privacy of  the secretive data that 
needs to be combined with other data sources during 
transformation? Can we create such technology which 
does not compromise the privacy of  the data  (Ilyas, 
2019)? 
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Conclusion
Data cleaning plays an important role in maintaining the 

quality, accuracy, reliability and consistency of  the data used 
in various fields. It is one of  the most important areas in data 
analytics. It improves the decision making and insights of  the 
organization. This Research paper not only explored data 
cleaning but also explored various tools of  data cleaning. It 
highlights the problems that an analyst can face during the 
data cleaning and the current approaches towards it and 
some improvements that can be done in data cleaning tools to 
address the problem of  the data quality issues. Data Cleaning 
tools can provide the organization with the authority to 
handle large amounts of  day-to-day data, improve its quality 
and improve the decision-making process. Overall, this 
Research paper highlights the significance of  data cleaning. It 
is necessary for the explorers to come up with more advanced 
technologies for data cleaning and to overcome the emerging 
challenges of  big data.
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importance of  data cleaning in today’s digital era where data 
plays a crucial role in decision-making processes. The inclusion of  
real-world examples and cost analysis adds practical value to the 
discussion. The proposed framework and methodologies provide a 
comprehensive overview of  the data cleaning process.
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relevance and comprehensiveness of  the paper.
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to follow. However, some sections could be further refined for 
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explanations or diagrams to aid understanding. Overall article is 
well written and easy to read.
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