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Abstract
Data Maturity considers where data 
lives, how it is managed, data quality 
and the type of questions being 
answered with data. A comprehensive 
analytics environment can be achieved, 
as organizations advance through the 
stages of Data Maturity, to effectively 
analyze information to make decisions 
about future products, markets, and 
customers. A comprehensive analytics 
environment often includes an 
integrated, accurate, consistent, 
consolidated and enriched view of core 
data assets across the entire enterprise.  
This data environment can be provided 
by automating effective data 
integration, data cleaning, data 
enrichment, consolidation/entity 
resolution, and Master Data 
Management as well, as descriptive, 
predictive and prescriptive data 
analysis. In this paper, we describe  
six stages of Data Maturity and what 
organizations can achieve at each stage 
to enable effective decision making and 
gain a competitive advantage through a 
true single view of the business.
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Data is evolving into a powerful resource for  
making insightful, forward-looking predictions and 
recommendations. This evolution is happening as  
compute and storage technology is improving, enabling 
more powerful analytical tools that are being used as a 
competitive advantage by more skilled data management 
professionals. The size, variety and update rate of data is 
growing fast, and quality is often an issue, as it comes  
from databases, web application logs, industry-specific 
transaction data and location-aware devices like mobile 
phones and many kinds of sensors. Today, full-time data 
management teams, including data scientists, analysts, and 
engineers are responsible for creating and maintaining a 
single source of truth for the company. These teams are 
finding and fixing data quality issues, performing 
exploratory, predictive and prescriptive analyses to  
answer the tough questions and enabling other analysts  
in individual business units.

Global data growth is characterized by variety, volume, 
velocity, and veracity. A new complexity is caused by many 
new data types that are now being collected in addition to 
master and transactional data such as semi-structured data 
(e.g., email, electronic forms, etc.), unstructured data (e.g., 
text, images, video, social media, etc.), as well as sensor  
and machine-generated data. The volume of data that 
companies and governments are collecting is growing 
rapidly. They must now deal with data sources that are 
hundreds of terabytes or more that need to be stored  
and analyzed. The rate/velocity at which data needs to  
be created, processed and analyzed, often in real-time,  
is increasing in many applications. The new variety, great 
volume, and rate at which data needs to be processed  

and analyzed are creating even greater data veracity/data 
quality challenges. Data needs to be cleaned and data 
quality needs to be implemented before confidence can  
be established in the use of any analytics. Data needs to  
be properly managed, protected and used to effectively 
understand and improve marketing/sales, customer 
experience, and operations. 
 
Data Maturity looks at how companies manage their data to 
answer the important questions that will have a significant 
impact on the business including improving marketing 
effectiveness, lowering operating costs, increasing revenue, 
optimizing the supply chain, and improving the product  
mix and customer service. Data Maturity stages are a way  
to measure how advanced a company’s data management 
and analysis is. Data Maturity considers where data lives, 
how it is managed, data quality and the type of questions 
being answered with data.

In this paper, we describe the following six stages of Data 
Maturity and what organizations can achieve at each stage 
to enable effective decision making and gain a competitive 
advantage through a true single view of the business:

• Stage 1: Manual data collection and management

• Stage 2: Automated data collection, integration  
and management

• Stage 3: Data quality 

• Stage 4: Master data consolidation

• Stage 5: Single view of the enterprise

• Stage 6: Getting results: data analytics to improve  
decision making
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Stage 1: Manual data collection 
and management
In this stage, an organization has not fully committed to  
the importance of data management and how it applies 
that data to drive decision making across functions and  
use cases. Data ownership is fragmented across multiple 
departments with little governance and accountability.  
A complete inventory of data assets (Data Dictionary)  
does not exist. Data management staff have a limited  
range of skills and are responsible for a limited range  
of tasks such as modeling predictable data for sales or 
marketing. The way data is collected, managed, integrated, 
and prepared for use across the organization is often 
ad-hoc and uncoordinated, using multiple systems, with 
significant data quality issues. There is no information 
security for key information assets. Reporting is limited  
to tasks that are critical for business operations, with no 
formal Enterprise Information Management (EIM) tools or 
standards in place to support this, and spreadsheets are 
used as a primary means of reporting. The tools that are 
leveraged to help integrate and activate diverse data and 
insights are less than optimal. The methods by which an 
organization applies analytical methodologies to data are  
in their early stages of implementation. The beginnings  
of data-driven culture may exist.

Stage 2: Automated data collection, 
integration and management
In this stage, data warehouse and data lake systems are 
well-defined, managed and governed. The planning, 
development, and execution of security policies and 
procedures to provide authentication, authorization,  
access, integrity, and auditing of data and information 
assets are established.  In this and subsequent stages,  
a robust data governance program controls and processes 
are implemented to ensure that important data assets are 
formally managed throughout the enterprise.

A foundational Enterprise Information Management (EIM) 
system is also established to provide the basis for an 
extended analytical environment. One of the strengths of 

EIM is its ability to define data integration, data quality  
and data analysis transforms in graphical workflows.  
These transforms can now be pushed down into analytical 
databases and Hadoop, and analytics, rules, decisions,  
and actions can now be added into information 
management workflows to create automated analytical 
processes. Workflows can be built and re-used regularly  
for common analytical processing of both structured  
and unstructured data to speed up the rate at which 
organizations can consume, analyze and act on data. 
Workflows can be implemented as batch jobs and real- 
time web services.

EIM Data Discovery tools are used to scan an organization’s 
data resources to get a complete inventory of its data 
landscape. Structured data, unstructured data, and semi-
structured data can be scanned to generate a library of 
documentation describing a company’s data assets and  
to create a metadata repository.

EIM Data Integration tools are used to integrate (join,  
filter and map) multiple different data sources. Different 
data sources containing the same entity (e.g. product) 
information can be mapped to the same logical model  
so the same EIM Consolidation (entity resolution) process 
can master data from multiple existing sources based on a 
common input data schema. This logical model represents 
the business entities and relationships that the business 
wants to understand for each physical model/data source. 
These data sources technologies can include relational and 
analytical DBMS (e.g. Oracle and data warehouse appliances, 
respectively), big data non- relational data management 
platforms (e.g. Hadoop platform), NoSQL data store (e.g., 
graph database, such as Neo4j), applications (e.g. SAP), 
cloud (e.g. Azure) and text-based (e.g. XML). These data 
sources can be integrated into a single logical model  
via batch ETL, real-time web service requests and/or  
Data Federation/Virtualization among other integration 
methodologies. Better customer experience and provider 
operations efficiency is achieved through automated Data 
Collection, Integration, and Management. However, data 
quality still needs to be implemented before confidence 
can be established in the use of any analytics.
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Stage 3: Data quality 
In this stage, organizations ensure the accuracy, timeliness, 
completeness, and consistency of their data so that the 
data is fit for use. Here, automated Data Profiling is used  
by organizations to identify any data quality issues related 
to core data duplication, accuracy, timeliness, completeness, 
and consistency. Data Quality Assessments (DQA) are 
prepared, using the data profiling results, to outline the 
data quality issues, the data quality rules to address each 
issue and the implementation of data quality rules. EIM  
Data Quality transforms can then be configured to 
integrate, parse/normalize, standardize, validate and enrich 
the data based on the implementation of each data quality 
rule outlined in the DQA report. EIM technology is also 
implemented to standardize data at the point of capture  
as data is entered into the system through on-line forms. 
For example, valid postal address candidates are suggested 
for the user to pick from as a user types in their address  
in an address data capture form. EIM Data Governance 
technologies and processes enable a business steward  
to review, correct and re-process records that failed 
automated processing or were not processed with a 
sufficient level of confidence. Standardization helps 
eliminate duplications and data- entry issues while  
enabling synchronization of data across the enterprise.

EIM Data Enrichment processes enhance an organization’s 
data by adding additional detail to make it a more valuable 
asset. Data enrichment can be based on spatial data, 
marketing data, or data from other sources that you wish to 
use to add additional detail to your data.  Location is often 
used to relate and join disparate data sources that share a 
spatial relationship. For example, addresses can be geocoded 
to determine the latitude/longitude coordinates of each 
address and store those coordinates as part of each record. 
The geographic coordinate data could then be used to 
perform a variety of spatial calculations, such as finding  
the bank branch nearest the customer. The most common 
method of enrichment involves joining on common 
attributes from a data source to be enriched with a dataset 

with additional detail. Fuzzy and exact matching on similar 
attributes between a data source to be enriched with a 
dataset with additional detail is another methodology used. 

Transliteration and Translation capabilities are used in EIM 
Data Quality technologies to help many organizations 
standardize global communication and information in 
different languages.  Transliteration capabilities change texts 
from one script to another, such a Chinese Han to Latin, 
without translating the underlying words. Personal names, 
from many countries such as China, Taiwan, Hong Kong (e.g. 
Han script), Japan (e.g. Kanji script, Katakana script and 
Hiragana script), Korea (e.g. Hangul script) and Russia (Cyrillic 
script) can be transliterated in batch from non-Latin scripts  
to Latin script using Transliteration technology. Customer 
addresses in different languages and scripts can also be 
transliterated, parsed, standardized and validated in batch 
according to postal authority standards using Global Address 
Validation technologies. Information, such as organization 
names can be effectively translated in batch from non-Latin 
scripts to English from many countries using translation 
technologies. This language and script-based standardization 
not only improves data quality but also improves the 
effectiveness of entity (person, place, object and/or thing) 
consolidation to determine which records represent the 
same entity. There is no need to maintain different non-
consolidated versions of the same entity with varying 
information in different languages and scripts.

Data cleaning and enrichment not only improves the  
data quality of the source data but also improves the 
effectiveness of master data consolidation in Stage 4  
to determine which records represent the same entity. 
Effective data quality and data governance enable 
confident analytics to better monitor the business and 
decide future lines of growth. 
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Stage 4: Master data consolidation
In this stage, organizations create and maintain a consistent 
consolidated master view of their core data assets across 
the enterprise with accurate and complete information. 
Data duplications and discrepancies are resolved both 
within and between existing systems. A holistic and 
consistent representation of an enterprise’s core data  
assets is created and managed. Some of the key types of 
master data or master entity types are:

• Customer

• Product

• Vendor

• Supplier

• Organization (e.g.  business unit)

• Employee

• Geography (region/country)

• Location 

• Service

• Fixed asset (e.g. building)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EIM Data Quality technologies are used to automate regular 
matching and consolidation processes to master regular 
updates to core data assets once they are standardized  
and normalized. Here, companies automate data matching 
routines to fix data consolidation and duplication issues.  
In this data matching routine, customizable exact and  
fuzzy matching rules can be used to compare and link a 
wide variety of effective identifiers such as standardized 
versions of product name, description, and id in product 
records from various internal systems. This advanced fuzzy 
matching process maximizes matches and reduces false 
positives using appropriate types of fuzzy matching 
algorithms along with computing weights for each identifier 
based on its estimated ability to correctly identify a match 
or a non-match. These weights are then used to calculate 
the probability that two given records refer to the same 
master entity type. Records that represent the same entity 
that are confidently matched and linked together can then 
be more easily consolidated to create a single master 
record with enriched information. A master record can  
be created from all matching entity records by evaluating 
attributes (e.g. name) from each record according to 
completeness, accuracy and/or timeliness to determine 
which attributes from which record should make up the 
master record. EIM Data Governance technologies and 
processes enable a business steward to review, correct  
and re-process records that did not match with a sufficient 
level of confidence. This master data is then updated in  
the appropriate downstream systems. This consolidated 
view is the starting point to be able to effectively analyze 
information to make decisions about future products, 
markets, and customers.
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Stage 5: Single view of the enterprise
In this stage, organizations create and maintain a consistent, 
single master view of their core data assets across the 
enterprise with accurate and complete information. Master 
representations of the same data assets/ entities are no 
longer held in multiple systems. Master Data is loaded and 
managed in a Master Data repository. 

Some businesses are using Graph database technologies  
to store, manage, view, search, and analyze master data  
and their complex relationships to more effectively  
uncover important relationships and trends. Using  
Graph technologies also provides the opportunity to view, 
search, and analyze big data that is physically stored in a 
non graph repository such as big data non-relational data 
management platform (e.g. Hadoop platform). Banks do  
this with billions of transactions. Storing the transaction 
data in a Hadoop repository provides speed and scalability 
at low cost, while master customer and account data can  
be stored and maintained in a graph database. Data 
Federation/ Virtualization integration, data consolidation, 
and graph database based technologies can be used to link, 
visualize, search and analyze master data stored in the 
graph database with the related information stored in the 
original source systems. This single consolidated view can 
provide insights into clusters of an organization’s assets  
(e.g. customers, products, fixed assets, etc.) and influential 
connections within and between those clusters.
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Stage 6: Getting results: data analytics 
to improve decision making

In this stage, organizations are using analytic solutions  
to get meaning from the large volumes of data to help 
improve decision making. Companies have the processes, 
management, and technology to apply sophisticated  
data models to improve marketing effectiveness, lower 
operating costs, increase revenue, optimize their supply 
chain, and improve their product mix and customer service.

A comprehensive analytic environment, powered by 
technologies such as Artificial intelligence (AI), Machine 
Learning, Business Intelligence, Location Intelligence, and 
Graph database technologies, is employed for a business  
to have a holistic view of the market and how a company 
competes effectively within that market. This includes:

• Descriptive Analytics helps determine what happened in 
the past using methodologies such as data aggregation  
and data mining 

• Predictive Analytics helps determine what is likely to happen 
in the future using statistical models and forecasting  

• Prescriptive Analytics helps determine how to achieve the 
best outcome and identify risks to make better decisions 
using optimization and simulation algorithms.

Artificial intelligence (AI) technologies make it possible  
for machines to learn from experience, adjust to new  
inputs and perform human-like tasks. Machine Learning,  
a branch of AI, is a method of data analysis that automates 
analytical model building. Machine learning algorithms  
build a mathematical model based on sample data,  
known as “training data”, to make predictions or decisions 
without being explicitly programmed to perform the task. 
For example, Machine Learning statistical models are used 
for profit-impacting customer behavior and propensity 
analysis by identifying and grouping all sales transactions 
by their customers in order to predict customer behaviors 
and propensities. 
 

Location intelligence (LI) technologies make it possible to 
derive meaningful insight from geospatial data relationships 
to solve a particular problem. Location is often used to 
relate and join disparate data sources that share a spatial 
relationship. Location intelligence visualization can help 
identify patterns and trends by seeing and analyzing data  
in a map view with spatial analysis tools such as thematic 
maps and spatial statistics. Location intelligence can help 
find “data needles in a data haystack” by using spatial 
relationships to filter relevant data. Location intelligence 
technologies can provide data processing, visualization,  
and analysis tools for both the time and geographic 
dimension of data that helps expose important insights  
and provide actionable information.

Graph database technologies are being used to store, view, 
search, and analyze master data and related entities (e.g. 
transactions) and their complex relationships to uncover 
important relationships and trends. Many businesses we 
interact with every day, use graph databases and analysis, 
such as Google, Facebook, LinkedIn, and Amazon. Graphs 
come in many shapes and sizes, suitable for an extremely 
wide variety of business problems such as Google Web  
Site Ranking Graphs, Amazon Market Basket Graphs and 
Facebook and LinkedIn Social Network Graphs. Analysis  
of social networks, such as Facebook and LinkedIn, can 
provide insights into clusters of people or organizations 
and influential connections within and between those 
clusters. The importance of technologies suited to dealing 
with complex relationships has increased with the growth 
of Big Data. When properly designed and executed,  
graphs can be one of the most intuitive ways to analyze 
information. Having each subject represented only once 
with all of its relationships, in the context of all of the other 
subjects and their relationships, makes it possible to see 
how everything is related at the big-picture level. Centrality 
algorithms and influence analysis can be applied to 
measure the importance and significance of individual 
entities and relationships. 
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Conclusion
Data Maturity considers where data lives, how it is 
managed, data quality and the type of questions being 
answered with data. A comprehensive analytics 
environment can be achieved, as organizations advance 
through the stages of Data Maturity, to effectively analyze 
information to make decisions about future products, 
markets, and customers.  A comprehensive analytics 
environment often includes an integrated, accurate, 

consistent, consolidated and enriched view of core data 
assets across the entire enterprise.  This data environment 
can be provided by automating effective data integration, 
data cleaning, data enrichment, consolidation/entity 
resolution, and Master Data Management as well, as 
descriptive, predictive and prescriptive data analysis.  
For many organizations, advanced Data Maturity can 
significantly improve marketing effectiveness, lower 
operating costs, increase revenue, optimize their supply 
chain, and improve their product mix and customer service.
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Stage 1: Manual data  
collection and management

Stage 2: Automated data collection,  
integration and management

Stage 3:  
Data quality

People/
organization 
vision  
& strategy

• Some management awareness, but no  
   enterprise wide buy-in
• Org makes strategic decisions without  
   adequate information
• Dependent on a few skilled individuals

• Growing executive awareness of the value  
   of data assets in some business areas
• Power of information is understood but  
   strategy is still project oriented

• Value of information realized & shared on cross- 
   functional projects

Data 
governance

• Little governance and accountability • A Data Governance program is  
   beginning to be established including  
   documenting the risks related with  
   uncontrolled information assets 

• Org formalizes objectives for information sharing to  
   achieve operational efficiency
• Data Governance technologies enable a business steward  
   to review, correct and re-process records that were not  
   processed with a sufficient level of confidence

Data 
architecture

• No formal information architecture  
   contains the principals, requirements  
   and models to guide teams on how to  
   share enterprise information

• Information architecture framework  
   exists, but does not extend to new  
   data sources or advanced  
   analytic capabilities

• Best practice information architectural patterns for big  
   data and analytics are defined and have been applied in  
   certain areas

Metadata • Little or no business metadata 
• No policy or organizational strategy

• IT organization has become aware of  
   metadata but does not manage it strategically
• EIM Data Discovery tools are used to  
   scan an organizations data resources to  
   get a complete inventory of their data

• Inconsistent asset tagging
• Department-level common repositories and policies

Data 
integration  
&  
interoperability

• No integration strategy
• Minimal data integration
• Each integration is manual, custom,  
   typically point-to-point, and done on a  
   one-off basis

• Organization is beginning to recognize  
   integration as a challenge
• EIM Data Integration tools are beginning to  
   be used to integrate multiple different  
   data sources
• APIs published (e.g. REST, SOAP), or Web-Based

• Synchronization of APIs
• A few, limited cloud connectors and services are offered
• API documentation and a developer portal may  
   be available

Data quality • Significant data quality issues
• Data quality activity is reactive
• No capability for identifying data  
   quality expectations

• Limited anticipation of certain data issues
• Data quality expectations start to 
   be articulated
• Simple errors are identified and reported

• Dimensions of data quality are identified and documented
• Organizations begin to ensure the accuracy, timeliness,  
   completeness, and consistency of their data so that the  
   data is fit for use
• Data Quality Assessments (DQA) are prepared, using the  
   data profiling results, to outline the data quality issues  
   and the data quality rules to address each issue 
• EIM Data Quality transforms are used  to integrate, parse/ 
   normalize, standardize, validate and enrich data 

Reference & 
master data

• Manually maintain trusted sources
• Siloed structure with limited integration

• IT organization takes steps toward  
   cross-department data sharing, such as  
   Master Data Management (MDM)

• Tactical MDM implementations that are limited in scope  
   and target a specific division

Data analytics/
measurement

• Reporting is limited to tasks that are  
   critical for business operations and  
   spreadsheets are used as a primary  
   means of reporting

• Full benefits of analytics poorly  
   understood, siloed and ad hoc activities,  
   yet reasonable results

• Analytics are used to inform decision makers why  
   something in the business has happened

Data security • There is no information security for  
   key information assets

• Planning, development and execution of  
   security policies and procedures for  
   information assets is established

• More advanced use of security technologies and  
   adoption of new tools for incident detection and  
   security analytics

Data maturity matrix
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Stage 4: Master  
data consolidation

Stage 5: Single view of  
the enterprise

Stage 6: Getting results: data analytics 
to improve decision making

People/
organization 
vision  
& strategy

• Senior Mgt. recognizes enterprise  
   information sharing as critical for  
   improved business performance and,  
   therefore, moves from project-level  
   information management to EIM

• Senior management embraces EIM  
   then markets and communicates it
• Organization has implemented  
   significant portions of EIM, including a  
   consistent information infrastructure

• Senior management sees information as a  
   competitive advantage and exploits it to create  
   value and increase efficiency
• IT organization strives to make information  
   management transparent to users

Data 
governance

• Governance councils and a formal data- 
   quality program, with assigned data stewards,  
   help manage information as an asset
• Data Governance technologies enable a  
   business steward to review, correct and  
   re-process records that did not consolidate  
   with a sufficient level of confidence

• Governance council and steering  
   committees resolve problems  
   pertaining to cross-functional  
   information

• Monitoring and enforcement of information  
   governance is automated throughout the enterprise

Data 
architecture

• Information architecture and associated  
   standards are well defined and cover most  
   of the volume, velocity, variety and  
   veracity capabilities 

• Enterprise information architecture (EIA)  
   acts as a guide for the EIM  program,  
   ensuring that information is exchanged  
   across the organization to support the  
   enterprise business strategy
• Organization sets standards for  
   information management technologies

• Information Architecture fully underpins business  
   strategies to enable competitive advantage

Metadata • Organization manages metadata and  
   resolves semantic inconsistencies to  
   support reuse and transparency

• The organization manages metadata  
   and resolves semantic inconsistencies  
   to support reuse and transparency.

• The organization has achieved metadata  
   management and semantic reconciliation

Data 
integration  
&  
interoperability

• An API integration strategy has been  
   implemented, exposing APIs
• A single integration strategy group is  
   responsible for putting pre-packaged     
   reusable workflows in place
• Sophisticated integration user interface,  
   orchestration layer and abstraction layer exist

• Many pre-packaged connections are  
   offered along with the ability to  
   integrate to things and distribute  
   endpoints into leading platforms and  
   marketplaces

• Organization has achieved seamless information  
   flows and data integration across the IT portfolio

Data quality • Organizations create and maintain a  
   consistent consolidated master view of  
   their core data assets across the enterprise  
   with accurate and complete information
• Data duplications and discrepancies are  
   resolved both within and between existing  
   systems on cyclic schedule

• Data quality benchmarks defined
• Observance of data quality expectations  
   tied to individual performance targets
• Industry proficiency levels are used for  
   anticipating and setting improvement  
   goals

• Data quality maturity governance framework is in  
   place such that enterprise-wide performance  
   measurements can be used for identifying  
   opportunities for improved systemic data quality

Reference & 
master data

• Enterprise business solution provides a  
   single source of the truth with a close-loop  
   data quality capabilities
• Master data is updated in the appropriate  
   downstream systems

• MDM provides a single version of the  
   truth, with a closed-loop data quality  
   capabilities
• Master Data is loaded and managed in a  
   SINGLE Master Data repository
• Master representations of the same data  
   assets/entities are no longer held in  
   multiple systems

• Organization has achieved integrated master data  
   domains and unified content

Data analytics/
measurement

• Analytical Insight is used to predict the  
   likelihood of what will happen to some     
   current business activity

• Predictive Analytics is used to help  
   optimize an organization’s decision  
   making so that the best actions are  
   taken to maximize business value

• Descriptive, predictive and prescriptive analytical insight  
   optimizes business processes and is automated where possible
• A comprehensive analytic environment, powered by  
   technologies such as Artificial intelligence (AI), Machine  
   Learning, Business Intelligence, Location Intelligence and  
   Graph database technologies is employed in order for a  
   business to have a holistic view of the market and how a  
   company competes effectively within that market

Data security • Security policies and procedures are now in  
   place together with adequate delivery  
   mechanisms to aid awareness and  
   compliance

• Central management of all security  
   related issues and policies

• Enterprise security technology architecture 
• Focus on incident prevention, detection, and response
• Identity management and data security to deal with  
   cloud and mobile computing security
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