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ABSTRACT

Modern companies provide great attention to data quality as bad data quality can cause major financial losses, lower
production, and erroneous decision-making. The use of root cause analysis (RCA) in business data quality
management is investigated in this research article. We examine many RCA approaches, their success in spotting
and fixing data quality problems, and we provide a whole framework for including RCA into corporate data quality
control systems. The research uses a mixed-methods approach integrating case studies, literature review, and
quantitative data analysis of 150 companies from many sectors. Our results show that a 42% increase in general data
quality ratings and a 37% decrease in data quality problems might result from methodical application of RCA. By
providing a methodical methodology to find, evaluate, and fix the fundamental causes of data quality issues, the
suggested framework increases the success of business data quality management programs.

Keywords: Root Cause Analysis, Data Quality Management, Enterprise Data, Data Governance, Data Quality
Metrics

l. INTRODUCTION
Big data and digital transformation have made data quality a top issue for companies in many kinds of fields. Good
decision-making, operational effectiveness, and keeping a competitive advantage in the market all depend on high-
quality data. Many businesses, meantime, suffer with ongoing data quality problems that compromise their capacity
to make good use of data (Batini & Scannapieco, 2016).
Emerging as a vital field concentrated on preserving corporate data integrity, correctness, and dependability is data
quality management (DQM). several companies continue struggle with consistent data quality problems despite the
development of several DQM techniques and tools, suggesting a demand for more efficient methods to handle the
underlying causes of these difficulties (Wang & Strong, 1996).
Aimed at finding the fundamental causes of problems rather than only addressing symptoms, Root Cause Analysis
(RCA) is a problem-solving technique. Although RCA has been extensively used in industries including
manufacturing, healthcare, and IT service management, its possibilities in the framework of corporate data quality
management remain mostly unmet (Andersen & Fagerhaug, 2006).
By looking at the use of RCA in business data quality control, this research article seeks to close this disparity. We
investigate how RCA may be successfully included into DQM systems to find and fix the basic causes of data
quality problems, therefore raising the general efficiency of data quality projects.
The primary objectives of this study are:

1. To examine existing RCA methodologies and their applicability to data quality management.

2. To identify the key challenges in implementing RCA for data quality issues in enterprise environments.

3. To develop a comprehensive framework for integrating RCA into enterprise data quality management

processes.
4. To evaluate the effectiveness of RCA in improving data quality outcomes through empirical analysis.

11. LITERATURE REVIEW

2.1 Data Quality Management

Information systems and management literature have devoted much study on data quality. Identifying four primary
aspects of data quality—intelligent, contextual, representational, and accessibility— Wang and Strong (1996)
offered a basic framework for grasping data quality. Researchers and professionals working in the subject of data
quality management have since extensively embraced and expanded this approach.

"The set of activities aiming at improving the quality of data and information assets," Batini and Scannapieco (2016)
define data quality management. They underline the need of a complete DQM strategy covering organizational as
well as technological elements. Data profiling, data cleaning, data integration, and data governance—key DQM
components—are included (Loshin, 2010).

Many companies still suffer with ongoing data quality problems even with the increasing body of information on
DQM. Lack of management support, insufficient resources, and difficulties in measuring the advantages of data
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quality enhancements were among the numerous common obstacles noted by Haug et al. (2011) in trying to execute
successful DQM projects.

2.2 Root Cause ldentification

Root Cause Analysis (RCA) is a methodical technique to problem-solving meant to find the fundamental reasons of
problems or events. Originally from the realm of quality management, RCA has been implemented in
manufacturing, healthcare, and IT service management among other fields (Andersen & Fagerhaug, 2006).

Among the several RCA approaches created are the 5 Whys methodology, a basic iterative questioning procedure to
investigate cause- and- effect correlations (Serrat, 2017).

Fault Tree Analysis: A top-down method of discovering combinations of defects that might lead to a particular
unwanted occurrence (Vesely et al., 1981); Ishikawa (Fishbone) Diagram: A visual tool for classifying the sources
of a problem (Ishikawa, 1990).

A statistical method called Pareto Analysis helps one to find the most important elements causing an issue (Juran &
Godfrey, 1999).

Although these approaches have shown success in many fields, their relevance in the framework of data quality
management is still restricted.

2.3 RCA in Data Management

Academic literature has paid scant attention to RCA's applicability to data quality management. Still, some
academics have started looking in this direction. Emphasizing the need of differentiating between symptoms and
underlying causes, Friedman (2006) suggested a structure for using root cause analysis to data quality problems.

Lee et al. (2009) undertook a case study on how RCA may be used to raise data quality in a medical environment.
Their results showed that RCA may be useful in spotting and fixing structural reasons of data quality issues, hence
producing ongoing increases in data completeness and accuracy.

Notwithstanding these early investigations, there is still a great knowledge vacuum about how RCA may be
methodically included into corporate-wide data quality management systems. This paper attempts to close this gap
by building a thorough framework for RCA application in the framework of corporate DQM.

I1l. RESEARCH METHODOLOGY
This study employs a mixed-methods approach to investigate the application of root cause analysis in enterprise data
quality management. The research methodology consists of three main components:

1. Systematic Literature Review

2. Case Studies

3. Quantitative Survey and Analysis
3.1 Systematic Literature Review
We systematically went over the body of current research on root cause analysis and data quality control. Reviewed
materials included books published between 2000 and 2023, conference proceedings, and peer-reviewed journal
articles. Relevant keywords drove searches of the following databases: Web of Science, Scopus, IEEE Xplore, and
ACM Digital Library.
The literature review aimed to:

e Identify current trends and challenges in enterprise data quality management

e Examine existing RCA methodologies and their potential applicability to DQM

e Explore any previous attempts to integrate RCA into data quality management processes
3.2 Case Studies
To gain in-depth insights into the practical challenges and potential benefits of applying RCA to data quality
management, we conducted case studies of five large enterprises across different industries:

1. A multinational financial services company

2. A global e-commerce retailer

3. A healthcare provider network

4. A manufacturing conglomerate

5. A government agency
For each case study, we conducted semi-structured interviews with key stakeholders involved in data quality
management, including Chief Data Officers, Data Quality Managers, and IT Managers. We also analyzed relevant
documentation, such as data quality policies, incident reports, and improvement initiatives.
The case studies focused on:

e Current data quality management practices and challenges

e Any existing use of root cause analysis in addressing data quality issues

e Perceived barriers to implementing RCA in data quality management
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e Potential benefits and drawbacks of integrating RCA into DQM processes
3.3 Quantitative Survey and Analysis
To complement the qualitative insights from the case studies and validate the proposed RCA framework, we
conducted a large-scale survey of data quality professionals across various industries. The survey was distributed
online to members of professional data management associations and through relevant LinkedIn groups.
The survey collected data on:
e Current data quality management practices
e Frequency and types of data quality issues encountered
e Use of root cause analysis or similar problem-solving methodologies
e Perceived effectiveness of current DQM approaches
e Willingness to adopt new methodologies for addressing data quality issues
A total of 500 responses were received, out of which 450 were deemed complete and valid for analysis. The survey
data was analyzed using descriptive and inferential statistical techniques, including correlation analysis and multiple
regression.
V. FINDINGS AND ANALYSIS
4.1 Current State of Enterprise Data Quality Management
Our literature review and case studies revealed several key challenges in current enterprise data quality management
practices:
1. Reactive approach: Many organizations tend to address data quality issues as they arise, rather than
proactively identifying and preventing potential problems.
2. Lack of standardization: There is significant variation in how different departments or units within an
organization approach data quality management, leading to inconsistencies and inefficiencies.
3. Limited root cause analysis: While some organizations employ basic problem-solving techniques,
systematic root cause analysis is rarely applied to data quality issues.
4. Siloed responsibilities: Data quality is often seen as the responsibility of IT departments, with limited
involvement from business units or data owners.
5. Inadequate metrics: Many organizations struggle to define and measure meaningful data quality metrics
that align with business objectives.
Table 1 summarizes the prevalence of these challenges across the surveyed organizations:
Table 1: Prevalence of Data Quality Management Challenges

Challenge Percentage of Organizations
Reactive approach 72%
Lack of standardization 68%
Limited root cause analysis 83%
Siloed responsibilities 61%
Inadequate metrics 57%

4.2 Root Cause Analysis Methodologies in DQM
Our research identified several RCA methodologies that can be effectively applied to data quality management:
1. 5 Whys Technique: This simple yet powerful method involves asking "why" multiple times to drill down to
the root cause of a data quality issue. It is particularly useful for addressing straightforward, linear cause-
and-effect relationships.
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2. Ishikawa (Fishbone) Diagram: This visual tool helps categorize potential causes of data quality problems
into major categories such as People, Process, Technology, and Environment. It is effective for complex
issues with multiple contributing factors.

3. Fault Tree Analysis: This top-down approach is useful for identifying combinations of events or conditions
that could lead to specific data quality failures. It is particularly valuable for critical data elements where
multiple safeguards are in place.

4. Pareto Analysis: This statistical technique helps prioritize data quality issues by identifying the most
significant contributing factors. It is useful for focusing improvement efforts on areas that will yield the
greatest impact.

5. Causal Loop Diagrams: This systems thinking tool helps visualize the interconnections between various
factors affecting data quality. It is particularly useful for understanding complex, non-linear relationships in
data ecosystems.

Figure 1 illustrates the perceived effectiveness of these RCA methodologies in addressing data quality issues, based
on our survey results:

s Perceived Effectiveness of RCA Methodologies in DQM

4.2
4.1

3.8
3.7

Average Effectiveness Score (1-5)

5 Whys Ishikawa Diagram Fault Tree Analysis Pareto Analysis Causal Loop Diagrams
RCA Methodology

Figure 1: Perceived Effectiveness of RCA Methodologies in DQM

4.3 Proposed Framework for Integrating RCA into Enterprise DQM
Our results from the literature research, case studies, and survey analysis lead us to suggest a thorough methodology
for incorporating root cause analysis into corporate data quality control systems. Five main phases make up the
framework:

1. Issue Identification and Prioritization

2. Root Cause Analysis

3. Solution Development

4. Implementation and Monitoring

5. Knowledge Management and Continuous Improvement
Figure 2 illustrates the proposed framework:
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Figure 2: Proposed Framework for Integrating RCA into Enterprise DQM
Stage 1: Issue Identification and Prioritization
In this stage, organizations systematically identify and prioritize data quality issues. Key activities include:
e Implementing automated data profiling and monitoring tools
e Establishing clear data quality metrics aligned with business objectives
e Creating a centralized system for reporting and tracking data quality issues
e Using Pareto analysis to prioritize issues based on their impact and frequency
Stage 2: Root Cause Analysis
This stage involves applying appropriate RCA methodologies to identify the underlying causes of prioritized data
quality issues. Key activities include:
e Forming cross-functional teams to conduct RCA sessions
e Selecting and applying appropriate RCA tools (e.g., 5 Whys, Ishikawa Diagram)
e Collecting and analyzing relevant data to support the RCA process
e Documenting findings and hypotheses about root causes
Stage 3: Solution Development
Based on the identified root causes, this stage focuses on developing comprehensive solutions to address data quality
issues. Key activities include:
e Brainstorming potential solutions for each identified root cause
e Evaluating solutions based on feasibility, cost, and potential impact
e Developing detailed implementation plans for selected solutions
e Identifying key stakeholders and resources required for implementation
Stage 4: Implementation and Monitoring
This stage involves executing the developed solutions and monitoring their effectiveness. Key activities include:
e Implementing technical and process changes as per the developed plans
e Providing necessary training and support to affected stakeholders
e Establishing key performance indicators (KPIs) to measure the impact of implemented solutions
e  Continuously monitoring data quality metrics to assess improvement
Stage 5: Knowledge Management and Continuous Improvement
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The final stage focuses on capturing lessons learned and fostering a culture of continuous improvement in data
quality management. Key activities include:

e Documenting successful RCA cases and solutions in a knowledge repository

e Conducting regular reviews of the RCA process and outcomes

e Identifying patterns and trends in root causes across multiple issues

e Updating data quality policies and procedures based on insights gained
4.4 Effectiveness of RCA in Improving Data Quality Outcomes
To evaluate the effectiveness of the proposed RCA framework, we analyzed data from 150 organizations that had
implemented similar approaches to integrating RCA into their data quality management processes. The analysis
revealed significant improvements in several key data quality indicators:
Table 2: Impact of RCA Implementation on Data Quality Metrics

Metric Average Improvement
Reduction in data quality issues 37%
Improvement in overall data quality score 42%
Decrease in time to resolve quality issues 28%
Increase in stakeholder satisfaction 31%
Reduction in data-related business risks 25%

Figure 3 illustrates the distribution of improvement in overall data quality scores across the surveyed organizations:

Distribution of Improvement in Overall Data Quality Scores
i

20.0 A Mea %o

17.5 1

15.0

12.5 4
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Number of Organizations
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2.5 1

Percentage Improvement

Figure 3: Distribution of Improvement in Overall Data Quality Scores
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The analysis shows that organizations implementing RCA in their data quality management processes experienced
significant improvements across various metrics. The average improvement in overall data quality scores was 42%,
with some organizations achieving improvements of up to 70%.

V. DISCUSSION
The results of this research show the great potential of root cause analysis as a useful instrument for improving
management of corporate data quality. Organizations may greatly and sustainably improve their data quality results
by methodically spotting and fixing the fundamental causes of data quality problems.
5.1 Key Benefits of Integrating RCA into DQM

1. Proactive Problem-Solving: The proposed framework encourages a shift from reactive to proactive data
quality management. By identifying and addressing root causes, organizations can prevent recurring issues
and reduce the overall incidence of data quality problems.

2. Enhanced Collaboration: The cross-functional nature of RCA sessions promotes collaboration between IT,
business units, and data owners. This collaborative approach leads to more comprehensive solutions and
greater buy-in from stakeholders.

3. Improved Resource Allocation: By prioritizing issues based on their impact and focusing on root causes,
organizations can allocate their data quality management resources more effectively.

4. Knowledge Accumulation: The systematic documentation of RCA findings and solutions creates a valuable
knowledge base that can inform future data quality initiatives and process improvements.

5. Cultural Shift: Implementing RCA as a core component of DQM can foster a culture of continuous
improvement and data quality awareness throughout the organization.

5.2 Challenges and Considerations
While the benefits of integrating RCA into DQM are significant, organizations may face several challenges in
implementing this approach:

1. Resource Requirements: Conducting thorough RCA can be time-consuming and may require dedicated
resources, which can be challenging for organizations with limited budgets.

2. Skill Gap: Effective RCA requires specific skills and expertise. Organizations may need to invest in
training or hire specialists to successfully implement the proposed framework.

3. Resistance to Change: Introducing new methodologies and processes may face resistance from employees
accustomed to traditional approaches to data quality management.

4. Maintaining Momentum: Sustaining the RCA approach over time requires ongoing commitment and
support from leadership to prevent reverting to reactive problem-solving.

5.3 Limitations of the Study
While this research provides valuable insights into the application of RCA in enterprise data quality management,
several limitations should be acknowledged:

1. Sample Bias: The study primarily focused on large enterprises, and the findings may not be fully
generalizable to small and medium-sized organizations.

2. Self-Reported Data: The survey data relied on self-reported measures, which may be subject to respondent
bias.

3. Industry Variations: While the study included organizations from various industries, industry-specific
challenges and best practices for RCA in DQM were not extensively explored.

VI. CONCLUSION AND FUTURE RESEARCH

The great promise of incorporating root cause analysis into business data quality control systems been shown by this
work. The suggested framework provides a methodical strategy to find, evaluate, and fix the fundamental causes of
data quality problems, thereby improving the general results on data quality.

e Important results of the study show: minimal application of systematic root cause analysis in present
corporate DQM systems and the predominance of reactive techniques.

e How well different RCA approaches—including Ishikawa diagrams and the 5 Whys technique—address
problems with data quality?

e Comprising five main stages—issue identification and prioritizing, root cause analysis, solution
development, implementation and monitoring, knowledge management and continuous improvement—a
thorough framework for including RCA into business DQM

Among companies using RCA-based strategies, significant increases in data quality measures show a 37% drop in
data quality concerns and a 42% increase in total data quality ratings.
Though the study offers insightful analysis, certain areas need for more investigation:

ISSN: 2347-8578 www.ijcstjournal.org Page 92



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (1JCST) — Volume 12 Issue 6, Nov - Dec 2024

RCA Methodologies Specific to Industries: Future research might look at how RCA approaches could be
customized to handle particular industry specific data quality issues.

Integration with Data Governance: Studies on how RCA may be successfully combined with more general
data governance systems and methods would give practitioners important new perspectives.

Automation of DQM's RCA: More scalable and effective implementations might result from looking at
employing machine learning and artificial intelligence approaches to automate some facets of the RCA

process.

Longitudinal studies evaluating the long-term effects of RCA deployment on data quality outcomes and
organizational performance would offer important new perspectives on the sustainability of this method.

RCA in contexts of Big Data and loT: Investigating the use of RCA to data quality problems in big data
and Internet of Things (IoT) contexts might help to solve newly arising problems in these fast developing

fields.

Finally, this study emphasizes the need of using a methodical, root cause-oriented strategy to handle corporate data
quality management. Implementing the suggested RCA methodology would help companies go beyond surface
solutions and solve the underlying causes of data quality problems, hence producing more strong and dependable
data assets capable of supporting informed decision-making and corporate success.
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