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Abstract - Dark data refers to the information assets organizations collect, process, and store during
regular business activities, but generally fail to use for deeper analytics or decision making. Industry
research indicates over 90% of an organization's data may go unused—a massive lost opportunity. This
research paper establishes an urgent need for companies to unlock dark data’s hidden value and provides
a practical framework to illuminate these overlooked information stores. The paper reviews how data
becomes "darkened,” including irrelevant or obsolete data, formatting issues, and the high costs of
processing/analysis. Consequences encompass missed revenue opportunities, plus security and
compliance risks from retaining sensitive data. Tapping into dark data represents a competitive advantage
if done successfully. The paper recommends emerging techniques like artificial intelligence, machine
learning, and dark analytics to derive insights from dark data. But technology alone will not suffice.
Organizations need holistic strategies for discovering dark data, mapping its contents, developing policies
for retention and destruction, building required data science skills, and integrating dark data analytics into
business processes. The research paper's Dark Data Framework provides concrete components
organizations can implement to shine a light on this underutilized asset. Recommended tactics include
data minimization to delete unnecessary stores, as well as data mapping to locate and catalog dark data.
Skills development in areas like machine learning and analytics will also prove critical. With rigorous
measurement and demonstration of hard dollar returns plus risk reduction, companies can justify
necessary investments. The paper concludes that organizations must act now on their dark data, or risk
competitors capitalizing first on this trove of overlooked insights. By following the presented framework,
companies can expect enhanced decision making, new revenue opportunities, improved productivity, and
minimized security vulnerabilities. Unlocking dark data will empower organizations to excel in the modern
data-driven economy. The time to embrace dark data is now.

Keywords: Dark Data, Data Lakes, Data Discovery, Data Mapping, Metadata, Data Analytics, Machine
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1. INTRODUCTION

1.1 Definition and Scope of "Dark Data”
Dark data refers to the vast amounts of information generated as a byproduct of regular business activities,
which goes unused when initially collected and stored. While the term may conjure images of mysterious,
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shadowy data, it simply means data that sits idle inside an organization, despite its potential value. Defining
the scope and scale of dark data more precisely provides critical groundwork for unlocking its benefits.

Industry research suggests upwards of 90% of the data within organizations can be categorized as dark.
This encompasses data from all departments and functions. Marketing may have customer analytics that
are siloed and untouched. Sales might have unused prospect profiles and communications. Support logs
and engineering sensor data also qualify as dark, if not analyzed. The list goes on. The variety and volume
is staggering.

Several key categories and sources of dark data help establish its boundaries:

. Unstructured/raw data - Information not organized in database fields, like emails, docs,
multimedia. Often the most abundant dark data.

« Obsolete/irrelevant data - Data no longer current or useful for the business. This dark data should
be purged.

¢ Regulated data - Information retained only for legal or compliance reasons, like financial records.

e Machine-generated data - Sensor readings, logs, and telemetry from equipment and systems.
Prolific, but requires handling at scale.

e External public data - Freely available sources like social media, government reports, and scraped
data. Can enhance internal data.

« Silos/archives - Data segmented from main systems, making access and analysis difficult. A major
obstacle.

The unifying theme is data that is stored, but provides minimal actual business value in its current form. It
lacks accessibility, context, or analytical readiness. While retaining it makes sense in specific cases, the vast
majority of dark data spurs no positive ROL It languishes without delivering insights via reporting,
visualization, machine learning, or other means.

Tapping into dark data requires a precise understanding of what it is, where it resides, and how it relates to
core business data flows. Companies must map out dark data’'s scope and makeup within their systems,
storage, archives, data warehouses, lakes, and other repositories. This enables developing taxonomies and
metadata models to catalog dark data assets based on themes like source, date, format, and subject
matter.

With enhanced visibility into the composition of dark data, organizations can construct frameworks to
systematically assess value and process subsets of information likely to yield useful insights. They can also
formulate policies for dark data retention and destruction to minimize stagnant, unnecessary stores. An
accurate accounting of dark data is the critical first step toward deriving value and controlling risks. By
shining a light on this overlooked majority of corporate data, companies put themselves on the path to
competitive advantage.

1.2 The Overlooked Potential and Risks of Dark Data

Most organizations fail to recognize the dual nature of dark data as both an asset and liability. This
introduction explores the significant yet overlooked potential benefits and inherent risks organizations face
in relation to their accumulated dark data.
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Tapping into dark data represents one of the most impactful opportunities for competitive advantage and
revenue growth companies have at their fingertips today. Dark data constitutes the vast majority of an
organization’'s information assets, though its value lies dormant. Unlocking dark data via analytics and
business intelligence provides tangible benefits:

Enhanced customer insights - Processing dark data reveals more about customer behaviors,
preferences, and trends. This powers data-driven marketing, personalized services, and predictive
analytics.

Operational improvements - Dark machine data from sensors and logs provides visibility into
efficiencies, quality, and potential maintenance issues when properly analyzed.

Innovation opportunities - Dark data can spur new product ideas, business models, and even
revenue streams when examined through a creative lens.

Risk reduction - Cybersecurity threats, fraud events, and compliance failures can be identified
faster through automated analysis of dark log data and communications.

Cost savings - Less data storage is required when obsolete, redundant, or trivial dark data is
identified and removed from systems.

Informed decision making - Leaders can gain more accurate, timely insights for strategic decisions
backed by integrated dark data sources.

However, failing to address an organization's dark data also poses critical risks on multiple fronts:

Security vulnerabilities - Allowing dark data to proliferate, especially sensitive customer data,
exposes more attack surfaces for hackers to exploit.

Compliance failures - Keeping dark data too long or improperly secured can lead to violations of
regulations like HIPAA and GDPR.

Storage waste - The cost to perpetually store and secure useless dark data siphons IT budget away
from beneficial technologies.

Legal liability - Dark data around employee communications, contracts, or IP could prove
damaging if exposed in lawsuits or investigations.

Missed opportunities - Leaving dark data untapped allows competitors utilizing their data to gain
advantage.

Inaccuracy - Having fragmented, poor quality dark data pollutes analysis and undermines
confidence in reporting.

Inefficiencies - Important operational insights reside hidden within dark industrial machine data,
resulting in missed performance gains.

Organizations that continue ignoring the presence and impact of dark data across these areas do so at
their own peril. However, companies that develop holistic strategies to inventory, process, and manage
dark data will gain sustaining competitive edge. They'll also mitigate risks posed by allowing dark data to
accumulate without oversight.

This paper provides a research-backed framework tailored to illuminating and activating dark data for
business benefit. With proper scope, investment, and commitment, organizations can leverage dark data
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to drive innovation and fuel data-centric strategies. The time has come to recognize dark data for what it
is - an overlooked asset to manage, not an inevitable liability to accept. Companies seizing the initiative
have a window of opportunity to derive tremendous value while competitors continue to ignore the power
of dark data.

2. Causes and Consequences of Dark Data

Dark data accumulates within organizations for a variety of reasons, leading to significant impacts if left
unaddressed. Understanding the root causes that render data unused or inaccessible provides context on
the dark data dilemma. Likewise, examining the tangible consequences across security, missed
opportunities, and waste builds urgency around mitigating dark data.

A multitude of factors cause data to go and remain dark:

Unstructured formats - Data from images, video, audio, paper documents, and other raw sources
is difficult for systems to interpret and analyze without extensive processing.

Irrelevance - Data has a time limit for usefulness. What is collected and stored may quickly become
obsolete or redundant as business needs shift.

Compliance focus - Many retention policies emphasize keeping data for regulatory compliance,
not deriving value. Data kept solely for governance reasons often goes dark.

Storage sprawl - The ease of amassing data with modern applications leads many organizations
to store data without future use cases in mind. Uncontrolled growth exacerbates dark data.

Lack of context - Data lacking meaningful metadata, tags, taxonomy, or linkages may go unused
because people don't understand its contents or connections.

Siloed systems - Distributed, disconnected data systems across groups make consolidating and
accessing data for organization-wide use challenging. Dark data is stranded in silos.

Cost/complexity - Dark data lacks obvious value propositions. Leadership balks at investments
needed to integrate, process, analyze, and extract value from certain dark data.

The negative impacts of leaving dark data untouched and unmanaged accumulate over time:

Security lapses - Increased exposure to theft, hacking, insider threats, and compliance violations if
sensitive dark data is retained carelessly.

Revenue losses - Competitors better utilizing their data gain advantage and market share while
dark data hides missed monetization opportunities.

Prolific storage waste - Infrastructure and management costs grow exponentially to secure and
maintain useless dark data in facilities.

Inaccurate analytics - Dark data distorts or skews smart analysis if only a partial picture of
information is processed while dark data remains siloed.

stifled innovation - Products, services, and business models that could emerge from analyzing and
creatively reimagining dark data never materialize.
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With problems compounded, organizations must make illuminating and leveraging dark data a priority.
Proactively governing, processing, and analyzing dark data will amplify upside benefits while curbing
serious risks.

2.1 Reasons Data Becomes "Dark” (Irrelevance, Format, Storage Costs)
Organizations allow data to go dark for a variety of reasons, from failing to recognize irrelevance
to the challenges of formatting. Examining why data slips into obscurity is key to managing dark

data’s rapid accumulation.
Irrelevance

One of the most preventable reasons data goes unused and becomes dark is that its relevance fades over
time. The value of information has a distinct lifespan. Customer transaction histories may only be pertinent
for a few years. Location data relevant today becomes meaningless in the future. Financial records have
utility for accounting purposes, but little analytical value over the long term.

As business needs change, data that served an earlier purpose often lingers forgotten in data lakes and
archives. It falls out of alignment with current objectives. With no champions or systems utilizing the stale
dataq, it sits idle in the dark. Establishing data retention policies with firm time boundaries based on actual
need is essential to curb dark data.

Another facet of irrelevance stems from data duplication. Multiple copies or versions of the same report,
analysis, or underlying data scatter across an organization. Outdated or redundant subsets become dark.
Careful master data management and governance helps surface and eliminate extraneous data before it
turns dark.

Formatting Challenges

The way data is encoded, stored, and formatted profoundly impacts its potential utility. Information
trapped in forms unreadable by analytics tools and reporting cannot contribute insights. Dark data
emerges from:

e Scanned documents without digital text or OCR

e Non-searchable PDF files

e Poorly structured databases

¢ Legacy mainframe encodings

e Unlabeled video and audio

e Raw machine generated data streams
Isolated spreadsheets

Converting unstructured data into analysis-ready formats requires advanced capture, processing, and
extraction capabilities. The costs often outweigh perceived value. Organizations must consider the rich
insights hiding in these dark data formats and allocate resources to illumination.

Storage Economics
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The massive, ongoing decline in data storage costs lowers barriers to amassing and retaining vast
amounts of data - whether relevant or redundant. Improper storage economics also drive data darkness.
Its often cheaper and easier to leave old data untouched than to actively manage, migrate, and
consolidate it over time.

But cheap storage has its own cost. Keeping vast pools of dark data for the rare chance it may someday
provide value leads to bloated data warehouses. The expense of securing excess data then grows while it
delivers zero current returns. Setting policies to only retain data with reasonable potential to provide future
business value is critical to controlling storage waste.

With a clear understanding of how relevance, formatting, and storage cost dynamics promote the spread
of dark data, organizations can take specific countermeasures. The payoff for active data management
comes in realizing the powerful benefits and strategic edge that your data can bring once illuminated.

2.2 Impacts of Failing to Utilize Dark Data (Missed Opportunities, Compliance/Security Risks)
Neglecting the reams of dark data within an organization can have profound detrimental consequences.
Lost opportunities and increased risks represent significant impacts from data left unused that demand
executive attention.

Missed Opportunities

Leaving dark data untapped squanders its potential value. Opportunities to drive revenue, efficiency, and
innovation go unrealized. Key examples include:

e Customer insights - Dark data like sales call notes, support logs, and web activity contain clues to
better engage and serve customers. Unheard voices represent missed opportunities.

e Operational analytics - Dark equipment sensor data and supply chain records could optimize
performance when studied. Cost savings and quality gains slip away.

e Predictive modeling - Dark data applied to machine learning algorithms enables more accurate
forecasting of business metrics and events. Those predictions can't materialize if data stays dark.

¢ New products and markets - Repurposing dark data often reveals possibilities for improving
existing offerings or launching net new revenue streams. Instead, those products and revenue
remain non-existent.

e Mergers and acquisitions - Dark data obscures an organization's full value. It goes unseen in M&A
due diligence, negatively impacting valuation.

e Competitive blind spots - Rivals may use related dark data to their advantage. The opportunities
organizations miss, competitors capture. Unlit dark data creates disadvantages.

In total, organizations inadvertently leave massive potential return on investment untapped when they
ignore their dark data assets.

Compliance and Security Risks

Dark data also introduces increased threats from cyber criminals, inside operators, and overzealous
regulators:
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o Databreaches - The more dark data amassed, the more vulnerabilities hackers can exploit to steal
valuable customer data, financial information, and trade secrets.

e Non-compliance fines - Allowing dark data to proliferate makes it easier to lose control of sensitive
information subject to regulations like HIPAA and GDPR, resulting in heavy fines for violations.

¢ Reputation damage - If dark data containing compromising, confidential, or controversial
information came to light, the resulting public backlash could devastate an organization’s standing.

o Litigation liability - Dark data around employee issues, executive communications, and more could
substantially weaken a company's position if such information surfaced during lawsuits or
government investigations.

Addressing the presence of dark data proactively decreases these risks. deleted or processed with
oversight applied correctly to your organization's dark data assets makes all the difference.

The repercussions of leaving dark data untouched extend far beyond missed opportunities into elevated
threats. Taking steps to illuminate and extract value from dark data closes gaps that would otherwise
empower competitors and criminals alike.

3. ASTRATEGY FOR ILLUMINATING DARK DATA
Organizations require an actionable strategy to transform dark data from a liability into an asset. A
coordinated approach brings structure, priorities, and investment to bear across all facets of dark data.

A high-level strategic framework includes:

¢ Inventory - Comprehensively catalog dark data sources, types, and stores across the company.
Pinpointing dark data location and volume enables management.

e Assess - Evaluate the content, sensitivity, and format of inventoried dark data. Analyze risk, storage
costs, and potential value to guide handling.

o Optimized Storage - Reduce redundant, unnecessary dark data using retention policies.
Consolidate datastores for efficiency. Lower security risks.

e Accessible Architecture - Break down data silos and migrate dark data into data lakes,
warehouses, and unified analytics platforms. Remove accessibility barriers.

e Enrichment - Augment dark data with metadata, links to other data, classification tags, and context
to illuminate insights.

e Analytics Investment - Dedicate resources to fund advanced analysis of high-value dark data
using Al, machine learning, and visualization to extract insights.

e Monetization - Build capabilities to continuously uncover opportunities to employ dark data
findings to improve operations, create offerings, and drive revenue.

o Skills Development - Recruit data scientists, business analysts, and data-fluent managers to apply
dark data analytics in their domains.

This framework establishes dark data as an organizational priority and resource. Critical to success is
cultivating data-centric culture change, where the focus expands from only the bright, visible data to also
harnessing the richness hidden within dark data.
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With a sound strategy in place, companies can methodically transform dark data from an unseen burden
to a powerful asset for competitive advantage. The framework outlined provides the necessary
components—inventory, accessibility, enrichment, analytics, monetization, and skills--to illuminate dark
data at enterprise scale. Leaders must now commit to equipping their organizations for success by
implementing a progressive dark data strategy.

3.1 Technologies to Process and Analyze Dark Data (Al, Machine Learning)

Advances in artificial intelligence, machine learning, and data science now make it possible to
economically process and derive value from vast troves of dark data. These technologies provide the
necessary mechanisms to transform inaccessible data into actionable insights.

Al for Dark Data Processing
Artificial intelligence encompasses an array of technologies well-suited to unlocking dark data, including:

¢ Natural language processing - Extracts structured meaning and relationships from unstructured
text-based dark data like documents, emails, chats, and notes.

e Image recognition - Identifies and categorizes the contents of image dark data through object,
facial, and pattern recognition to add metadata and searchability.

¢ Speech-to-text - Transcribes audio recordings to turn spoken dark data into indexed, searchable
transcripts for analysis.

* Intelligent data capture - Uses Al techniques like optical character recognition to convert the text
in scanned documents and handwritten notes into accessible, digital dark data.

Applying Al to dark data automates the arduous process of cleansing, formatting, tagging, and structuring
the 80% of enterprise information that starts off unstructured. This renders dark data usable.

Machine Learning Analysis

Once darkened data gets converted to structured formats, machine learning empowers continuous
analysis. Key machine learning techniques include:

¢ Classification - Categorizes and links dark data entities based on common attributes to expose
relationships hidden within siloed data.

e Prediction - Dark data fed into neural networks, regression models, and support vector machines
can uncover patterns to forecast outcomes, detect anomalies, and drive optimization.

* Sentiment analysis - Detects emotional sentiment, opinions, and intent in dark text and speech
data to find insights on customer, employee, or market perceptions.

 Recommendation engines - Apply dark behavioral data, content interactions, and preferences to
build systems that suggest relevant future actions and personalizations.

e Automated insights - Surface non-obvious correlations, causal factors, and predictions across
integrated dark data using automated analysis techniques without relying solely on human
direction.

The scale and automation of machine learning provides the capabilities required to tap into expansive,
complex dark data. Al and ML together unlock dark data for continuous discovery.
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With a robust dark data strategy and the right technologies, organizations can shed light on their untapped
data resources. This opens exciting new possibilities for gaining competitive advantage through dark data.

3.2 Processes for Locating, Managing, and Gaining Visibility Into Dark Data

Realizing the potential of dark data requires concrete processes to systematically locate obscured data
sources across the organization, actively manage discovered assets, and ultimately gain clear visibility into
this untapped resource.

Locating Dark Data

Since dark data by definition lacks visibility, the first challenge involves uncovering where it resides within
internal systems and archives. Key locating processes include:

o Data mapping - Develop an organization-wide data map that outlines known systems, storage
databases, data pipelines, and flows. Identify potential dark data hubs that emerge.

» Storage audits - Conduct scans, queries, and sampling of data lakes, warehouses, file shares, email
servers, archives, and other repositories to surface dark data pools.

e Survey business units - Interview departmental leaders to call out use cases, metrics, data cuts,
and analytics that could yield additional dark data hidden locally within a business function.

e Analyze user behaviors - Correlate access logs, search queries, and monitoring data to reveal
additional data interactions and sets beyond currently documented sources.

e Assess new data types - Expand dark data identification efforts as new systems, connected
devices, and data streams come online to stay ahead of potential sprawl.

This combination of technical scanning, human feedback, and behavioral analysis provides overlapping
mechanisms to shine a light on all of an organization's dark data lurking in shadows.

Managing Dark Data
Once discovered, dark data assets require active curation and stewardship:

e Cataloging - Record the specifics of identified dark data in a central catalog or metadata repository
to enable discovery, access, and governance.

» Classification - Tag dark data sets by attributes like sensitivity, retention policy, business areaq,
processing needs, and expected insights to guide handling.

e Migration - Move dark data into accessible storage and data architectures like data lakes to
eliminate silos and bottlenecks that limit use.

e Enrichment - Append dark data with contextual details on content, data dictionaries, ownership
lineage, and relationship linkages to adjacent data.

e Security and access - Establish restricted data access, encryption, and monitoring appropriate to
data risk levels based on dark data content and classification.

Dedicated management processes prevent dark data from slipping back into obscurity while also ensuring
governance and protection.

Full Visibility
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Building metadata catalogs, migrating to central repositories, and applying enrichment techniques
ultimately render dark data fully visible and self-describing to those across the organization:

o Discovery - Users can easily search for and identify relevant dark data sources by keywords,
parameters, and attributes.

¢ Understanding - Rich linked metadata provides background context and descriptions for dark data
content to reveal deeper insights.

e Accessibility - Role-based access policies and integration with analytics platforms enables
controlled exploration of once obscured data.

e Readiness - Classification and formatting of dark data prepares it for ssamless usage in analytics,
business intelligence, and data science applications.

Well-managed, visible dark data transforms from hidden liability into accessible, high-value asset.
Sustained vigilance and continuous tuning of these key processes is essential for long term governance.

3.3 skills Needed to Implement Dark Data Framework (Data Science, Analytics)

Realizing the full promise of dark data requires bringing key skills in-house across data science, analytics,
and engineering. Developing human capabilities provides the lens and tools to shed light on dark data and
apply it for business gains.

Data Science Skills

Data scientists possess ideal expertise for extracting insights from dark data through statistical analysis,
modeling, and algorithm development:

e Mathematics - Foundational statistical thinking equips data scientists to discover patterns and
meaningful correlations within vast, complex dark data.

¢ Programming - Fluency in Python, R, and other coding languages allows data scientists to
manipulate, analyze, and visualize dark data programmatically.

¢ Machine learning - Data science models like regression, clustering, neural networks, and decision
trees reveal hidden relationships and predictions.

e Data wrangling - Restructuring raw dark data into consistent, model-ready formats for
downstream consumption.

o Experimentation - Rapid iteration and testing of hypotheses with dark data uncovers non-intuitive
findings through empirical observation vs assumptions.

e Hiring analytically-minded data scientists trains organizational brainpower directly on the
challenges and possibilities of dark data.

Business Analytics Skills

While data scientists focus on the art of the possible, business analytics translates findings into practical
business insights:

o Data storytelling - Distilling dark data analyses into compelling narratives, visualizations, and
reports that convey meaningful insights to leadership.
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Business acumen - Framing dark data findings in business terms and financial impact provides
context for decision-making.

Strategic mindset - Identifying where to target dark data mining to address key business goals and
fill metric gaps.

Solution design - Crafting roadmaps to build dark data products, capabilities, and technical
solutions that deliver demonstrated value.

Stakeholder engagement - Collaborating across IT, business units, and leadership to continually
align dark data initiatives with business objectives.

Blending analytics with business context ensures dark data efforts yield tangible results.

Data Engineering Skills

Data engineers take theoretical potential and make it enterprise-grade and reliable:

Data pipelines - Building flows and systems to feed diverse dark data sources into downstream
analytics at scale.

Cloud infrastructure - Architecting accessible but secure cloud data lakes, warehouses, and
integration to underpin the dark data framework.

Data modeling - Designing the structures and metadata to organize chaotic dark data for usability.

Data governance - Applying policies and access controls to provision dark data securely to
appropriate stakeholders.

Automation - Scripting and optimizing repetitive aspects of dark data processing for efficiency.

Robust data engineering ensures continuous dark data utilization.

Make developing a world class data team the number one priority when resourcing efforts to tap into dark
data. Combining complementary data skills unlocks maximum insight from newly illuminated dark data.

4. DARK DATA FRAMEWORK COMPONENTS

Organizations need an integrated framework to transform scattered, overlooked dark data into an
accessible asset. The dark data framework provides structures and capabilities that enable continuous
discovery and use of these hidden information stores.

Dark Data Discovery - Comprehensive scanning, mapping, classification, and cataloging of dark
data repositories across the enterprise provides full visibility into their scope, nature, and attributes.
This knowledge is foundational.

Accessible Architecture - Consolidating siloed dark data into centralized, secured cloud data lakes
removes accessibility barriers and exposes dark data to analytics tools. APIs also allow integration.

Enrichment Pipelines - Automated tagging, metadata addition, entity linking, and formatting
prepares raw dark data for analysis by enriching it with context and standardization.

analytics toolkit - Leading data science and visualization platforms like Python, Tableau, Spark, and
Power Bl empower data experts to illuminate dark data through statistical analysis, machine
learning, and intuitive display.
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e Business Intelligence - Self-service Bl interfaces give business stakeholders access to prepared
dark data analytics and reports specific to their functions, delivering insights to guide decisions.

+ Dark Data Governance - Policies, processes, monitoring, and controls applied enterprise-wide
provide the rigor to ensure dark data security, quality, and reliability while driving adoption.

The framework relieves organizations of having to piece together disjointed solutions. When fully
implemented, these tightly orchestrated components enable continuous circulation of new findings from
formerly dark data into the business. The results are game-changing. Dark data that sat useless now fuels
everything from predictive models to executive dashboards. Workers become more data-driven. Risks
plummet while returns on the data asset multiply. The framework’'s success metric is simple - rapidly
increasing use and value realized from dark data.

4.1 Dark Data Discovery and Mapping

The first step in harnessing dark data involves discovering where it resides across an organization’s systems
and storage. Comprehensive data mapping provides the foundation to inventory, categorize, and analyze
dark data assets.

Discovery Across Systems
A thorough discovery process examines potential dark data hiding in:

+ Datawarehouses and lakes - These repositories contain vast stores of underutilized structured and
semi-structured data collected from other systems. Sampling content uncovers pockets of dark
data.

» Business applications - CRM, ERP, planning, and other systems house rich transactional data that
often goes unanalyzed. Access logs also provide clues.

e Email and communications - Substantial dark data sits unused within email servers, instant
messaging logs, and collaboration platforms.

» File storage - Unstructured data proliferates in file shares, SharePoint, and document management
systems with minimal governance.

o Specialized databases - Niche systems for loT, manufacturing, research, marketing, and more
contain complex data feeds specific to certain domains or topics.

e Archives - Vast quantities of stale yet potentially relevant data languish in offline archives and
backups without being accessed.

Thoroughly auditing these sources using scanning tools, queries, and sampling reveals the scope and
nature of accumulated dark data.

Cataloging through Metadata
A detailed catalog of discovered data gets constructed using metadata techniques:

* Registration - Upon identification, all dark data enters the catalog with baseline descriptors like
name, location, source, owner, and date added.

+ Tagging - Subject matter tags classify dark data by product lines, business processes, entities, or
other taxonomy relevant to the organization and industry.
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e Enrichment - Additional metadata like formats, relationships, privacy levels, and expected usage
further describes dark data sets and their attributes.

e Lineage tracking - Chronicles the origins and movement of data over time to provide important
context.

Robust metadata equips the organization to actively curate and manage swelling dark data volumes.
Data Map Visualization
The full registry of discovered dark data inputs to an interactive data map:

+ Storage topography - Visualizes how pockets of dark data reside across the enterprise technology
landscape. Reveals insights on scope.

e Search and drill down - Finds dark data by keywords or filters like age, source system, or
department. Enables targeted investigation.

e Link analysis - Exposes connections between disparate dark data sets through relationship
mapping.

» Risk/value heatmaps - Graphically denotes dark data clusters requiring priority action based on
relative risk and potential value.

Data mapping crystallizes understanding of organizational dark data. This powers strategies to migrate,
enrich, and analyze dark data.

Ongoing Vigilance

Regular scanning, updated metadata, and map revalidation provide continuous visibility as new dark data
emerges. This vigilance ensures valuable data never goes permanently dark again.

With robust mapping and discovery, hidden pockets of dark data come into the light, ready for processes
that extract insights and value.

4.2 Dark Data Analytics Techniques

Cutting-edge analytics techniques empower organizations to extract insights and value from illuminated
dark data. Technologies like machine learning, natural language processing, and data visualization
transform previously unused data into strategic assets.

Statistical Analysis
Traditional statistical methods applied to dark data reveal trends, correlations, and patterns:

e Regression - Predictive modeling based on dark data samples tests hypotheses and uncovers
influential variables.

e Clustering - Grouping dark data by common attributes (e.g. customer behaviors) identifies larger
themes.

¢ Sentiment analysis - Quantifies degrees of emotion and opinion within textual dark data to sense
responses.

e Forecasting - Extrapolating time series dark data projects future performance.
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Anomaly detection - Spotting outliers in dark data signals unusual events or risks.

Statistical techniques help data experts begin unraveling insights from the uncertainty of dark data.

Machine Learning

Advanced machine learning algorithms automate analysis of expansive dark data:

Classification - Categorizes dark data entities based on characteristics to expose relationships.

Recommendations - Collaborative filtering and content-based models on dark data deliver
personalized suggestions.

Computer vision - Neural networks parse image dark data to identify, caption, and extract

embedded information.

Natural language processing - Derives structure and meaning from unstructured text-based dark
data.

Predictive analytics - Automated modeling predicts outcomes and future trends from dark data.

Machine learning handles dark data volume, complexity, and speed to automate continuous analytics.

Data Visualization

Creative visualization renders dark data insights consumabile:

Dashboards - Centralized views of key dark data analytics, metrics, and trends monitor
performance.

Interactive reports - Drill-down filtering and slicing to explore dark data relationships and patterns.
Data storytelling - Visual narratives enrich dark data analyses with context and impact.
Maps/graphs - Charts, graphs, and geospatial maps present dark data analytics visually.

Modeling - 3D data modeling renders physical dark data like molecular structures, terrain, or engine
parts.

Dark data visualizations ensure stakeholders can easily digest and act on analytic findings.

By combining complementary techniques like statistics, machine learning, and design, organizations
extract maximum meaning from newly available dark data. The power comes from converting overlooked
data into visual intelligence anyone can understand and apply.

4.3 Policies for Dark Data Retention and Destruction

Implementing smart policies for dark data retention and destruction provides ongoing governance over
newly discovered corporate data assets. Setting business-relevant expiration and disposal guidelines
judiciously eliminates unnecessary storage burden and risk.

Principles for Retention Policies

Effective dark data retention considers:
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Compliance mandates - Regulations often dictate minimum retention periods for financial,
healthcare, contractual, and personnel data. Non-negotiable, but unused data frequently becomes
dark.

Business value - Dark data directly linked to current products, processes, customers and markets
likely holds insights that impact performance. Warrants retention.

Analytics utility - Data needed for training machine learning models requires retention. Unique
dark data can improve model accuracy and output.

Mitigating risk - Keeping selective dark data, like communications records, prevents legal liabilities
if the information is later required for investigations or lawsuits.

Storage costs - The expense of retaining vast dark data eventually outweighs uncertain future
value. Retention policies help curb needless storage spend.

Intelligently balancing these considerations prevents useful dark data from being lost prematurely while
eliminating expired stores.

Implementing Expiration

Technology solutions enable enforcing controlled dark data expiration:

Classification - Tagging data by retention period, purpose, and ownership allows custom expiration
handling.

Automateddeletion - Rules engine logic deletes specified data categories automatically on set
schedules.

Backup archiving - Move expired dark data into lower-cost archival storage with limited access for
final review if needed.

Confirmation reviews - Require data owners to manually confirm or object to impending
automated deletions.

Compliance reporting - Systems log all data retention actions for auditing to validate conformity
to policy.

Well-architected retention mechanisms ensure orderly, compliant data removal.

Secure Data Destruction

For dark data deemed fully expired, permanent destruction is essential:

Secure deletion - Specialized software tools overwrite sensitive expired data to prevent forensic
recovery.

Physical destruction - Dark data records existing only on paper or devices get destroyed via
shredding, crushing, or degaussing.

Proof of destruction - Dark data owners or auditors witness and formally confirm physical
destruction steps.

Destruction reporting - Centralized systems of record document expired dark data sets slated for
destruction and those already disposed.
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With reliable destruction processes, organizations prevent continued accumulation of obsolete,
unnecessary dark data.

Crafting balanced retention and destruction policies represents foundational dark data hygiene. Regular
policy reviews and updating also keep pace with changing storage economics, compliance rules, and
corporate strategy. The result is smoothly regulated data flows rather than uncontrolled dark data sprawl.

4.4 Dark Data Skills Development and Recruitment

Realizing the full potential of dark data relies on cultivating specialized skills across data science, analytics,
engineering and design. A focus on talent development, hiring, and retention builds an elite team able to
illuminate dark data.

Assessing Internal Skills

Auditing the current data-focused workforce reveals organizational strengths, gaps, and needs:

Inventory existing roles - Catalog data scientists, analysts, engineers, and visualization experts
already on staff.

Quantify capabilities - Assess the experience levels and domains of expertise represented in the
data functions.

Identify skill gaps - Determine priority missing capabilities based on dark data goals and
technology plans like Al, big data platforms, advanced analytics.

Survey training needs - Collaborate with workers to identify desired skills development in analytics
methods, tools, and niches like loT, NLP, computer vision.

Understanding proficiencies already internal makes recruiting more targeted and efficient.

Data Science and Analytics Talent

Research shows demand for data experts outstrips supply. Creative recruiting is required:

Partnerships with universities - Connect with prestigious programs related to statistics, applied
math, machine learning, and visualization to build a talent pipeline.

Competitive compensation - Stay on par with salaries, benefits, and perks offered by pure
technology firms also vying for scarce data workers.

Focus on aptitude - Seek science, math, and analytical thinking abilities that translate across tools
and techniques.

Cross-train internally - Enable interested employees to gain data skills through coaching
programs, training incentives, and rotational assignments.

Remote recruiting - Hire specialized data professionals from anywhere, not just locally, to
significantly expand the talent pool.

With the right hiring strategy, world-class data teams take shape.

Ongoing Learning Culture

Leading organizations enable continuous skills development:
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e Education stipends - Fund data-related certifications, nanodegrees, courses, and conferences to
foster learning.

¢ Internal mentors - Pair junior data practitioners with experienced internal mentors for guidance on
projects and growth.

¢ Hackathons and challenges - Friendly data competitions prompt creativity and new skills mastery.

e Cross-domain exposure - Data teams rotate through different business functions to expand
perspectives.

o External partnerships - Engage with platforms like Kaggle that allow tackling real-world data
challenges.

Commitment to growth keeps data teams on the cutting edge even amid rapid technology change.

For organizations pursuing dark data, building a dream team of versatile data experts provides the engine
to transform raw information into powerful insights.

5. MEASURING RETURN ON DARK DATA INVESTMENT

Gaining leadership buy-in for dark data programs requires quantifying the tangible returns derived from
newly illuminated information. Robust measurement frameworks demonstrate hard dollar value and
monitor progress.

Metrics Framework
A multifaceted metrics program tracks dark data ROl

e Usage analytics - Measure frequency of access, queries, and record counts consumed across
iluminated dark data to indicate active utilization.

e Business KPl impact - Link dark data findings and models directly to improvements in key
performance indicators like revenue, customer satisfaction, and operational efficiency.

 Competitive advantage - Estimate market share gains, increased deal sizes, and new services
fueled specifically by applying insights uncovered in dark data.

e Risk avoidance - Calculate costs avoided through minimized threats, breaches, and fines by
deleting unnecessary dark data with governance applied.

e Storage cost savings - Compare reduced data warehouse and server footprints before and after
consolidating redundant and obsolete dark data stores.

Continuous monitoring with a metrics dashboard makes the value delivered through dark data
investments tangible over time.

Communicating Value
Evangelizing dark data ROl across stakeholders garners support:

¢ Leadership briefings - Summarize dark data returns specific to each executive’s function and tie to
business objectives.
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¢ Analystreports - Publish detailed cost-benefit analyses and projections that document the current
and expected program ROL.

e Success stories - Spotlight use cases where illuminated dark data led directly to business gains or
risk reduction.

o Data culture messaging - Consistently convey how tapping dark data creates competitive
separation and enhances data-driven decision making.

Dark data value must connect on a personal level for leaders and employees alike.

Demonstrated value realization builds momentum, earns resources, and provides a proof point for data-
centric transformation.

5.1 Key Metrics for Framework Success (Utilization, Value Generated)

Organizations implementing a dark data framework need concrete metrics to validate its effectiveness
and guide ongoing progress. Tracking utilization rates, business value, risk reduction, and returns on
investment provides continuous monitoring.

Utilization Rates
Utilization metrics quantify engagement with newly illuminated dark data:

¢ Query volume - The number of searches, downloads, and API calls made per doy/month qacross
activated dark data sets. Increasing interactions indicate usage.

¢ Usercounts - How many unique employees access and manipulate the dark data for analysis each
period. Expanding users show adoption.

e Record sampling - Random sampling of dark data files and databases monitors percentage of
total records being accessed and applied to business tasks.

o Data source expansion — The number of distinct dark data sources integrated for analysis each
quarter as more stores get discovered and onboarded.

¢ Model training data - Volume of dark data incorporated as input for machine learning model
development and retraining cycles.

Higher utilization across these dimensions proves the framework effectively activates data that was
previously dormant.

Business Value Generated
Concrete top-line value stemming from dark data usage validates ROl

e Process optimizations - Cost savings and productivity gains from optimizing operations based on
dark data findings.

* Risk avoidance - Lower costs from prevented outages, breaches, fines, and litigation aided by
better dark data security and governance.

e New products - Revenues attributable to innovative offerings created leveraging insights
exclusively present in dark data.

© 2023, PUIIJ | PU Publications | DOI:10.5281/zenodo.8262384 Page | 52



Partners Universal International Innovation Journal (PUIIJ)

Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

¢ Revenue boosts - Income increases directly linked to marketing, pricing, or customer experience
improvements informed by analyzing previously untapped dark data.

e Competitive advantage - Expanded market share, increased deal sizes, and improved win rates
quantified against key competitors.

Proving dark data creates tangible value across these areas sustains investment and commitment.
Dashboard Reporting

Pulling utilization metrics, value assessments, and other key performance indicators into regular
management reports provides comprehensive monitoring of framework ROI. Dashboard visibility keeps
dark data momentum going strong.

The metrics-driven approach removes doubt about the business case for dark data efforts. Actual returns
justify the required investments to architectures, skills, governance, and analytics. Highlighting bottom line
wins through compelling measurement keeps leadership confident in the path ahead.

5.2 Demonstrating Reduced Risk and Uncovered Opportunities

Quantifying risk reduction and opportunities uncovered in dark data provides concrete evidence of its
untapped value. Statistical analyses, audits, and documented use cases make the case and reinforce
strategic priorities.

Reduced Risk
Assessing key risk factors before and after addressing dark data reveals impact:

¢ Data breaches - Audit sites with unsecured sensitive dark data to show reduced exposure, such as
a 25% drop in vulnerable endpoints after consolidating stores.

o Threat detection - Analyze logs and network data to highlight a 30% increase in identifying security
threats and insider risks after incorporating dark data signals.

o Compliancefines - Demonstrate avoidance of specific potential fines by implementing proper dark
data retention policies, encryption, and access controls.

e Storage costs - Compare historical data warehouse expansion rates to the current 50% less growth
after removing redundant and obsolete dark data.

o Legalliability - Statistical text analysis estimates a 70% decrease in lawsuit exposure based on legal
language present across retained dark data.

Quantified risk reduction makes the benefits of proper dark data governance tangible.
New Opportunities
Analyzing dark data reveals game changing opportunities:

e Customer insights - Statistical modeling exposes surprising customer preferences, needs and
behaviors buried within dark public feedback and engagement data.

e Predictive analytics - Machine learning algorithms mine dark operations data, uncovering ways to
increase production by 15% and decrease costs by 8%.
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e Emerging trends - Analyzing unstructured dark data from industry events and publications gives
early signals for new market demands 6 months ahead of competitors.

¢ Underserved markets - Modeling dark regional demographic data predicts 10% higher demand
potential in overlooked locales.

e Mergers and acquisitions - Dark sales data shows strategic acquisition targets have 25% greater
synergy potential than traditional estimates indicate.

Converting opportunities identified in the dark data into strategic initiatives and offerings maximizes its
value.

By spotlighting quantified benefits, organizations build an evidence-based business case that animates
dark data's power and potential. This data-driven foundation informs effective leadership strategies and
roadmaps.

5.3 Calculating Hard Dollar ROI and Intangible Benefits
A comprehensive approach to measuring dark data return on investment quantifies both tangible financial
gains and intangible benefits that enhance strategic performance.

Hard Dollar ROI
Financial impact stemming directly from dark data provides concrete ROL:

¢ Increased revenue - Sales and profit growth attributable to improved targeting, new product
offerings, and competitive insights derived from analyzing previously untapped dark data.

e Costreductions - Lower operational, storage, and overhead costs realized by optimizing processes
with dark data findings, consolidating redundant data, and eliminating unnecessary legacy
systems.

e Risk mitigation - Documented savings from avoided regulatory fines, breaches, and legal
settlements made possible by proper dark data management, security, and governance.

+ Expanded profit margins - Business process and supply chain optimizations assisted by surfaced
dark data increase per unit contribution margins.

e Multiplied data value - Dark data feeding refined machine learning algorithms materially improves
predictive accuracy and models’ future contribution to the bottom line.

Factoring quantified hard dollar benefits provides numerical ROI.
Intangible Strategic Value
Harder to quantify but equally impactful strategic benefits include:

o Sharper decision making - Analyzing relevant dark data gives decision makers more contextual
insights and signals to make optimal data-driven choices.

¢ Customer engagement - Applying dark data to enhance personalization and tailor interactions
improves loyalty and satisfaction immensely, even if indirectly.

e Product innovation - llluminating latent needs and trends in dark data sparks ideas for new
offerings that closely align with market demands.
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e Future proofing - Broadening data inputs with dark data improves predictive models’ accuracy
and adaptability to change over time.

e Culture of data - Activating dark data signals the pervasive market value of information, ushering
in data-centric cultural transformation.

These indispensable intangible gains factor into a holistic ROI case.
Blended Perspective
Calculating comprehensive ROI requires financial quantification blended with intangible benefits context:

e Hard dollar impact - Monetize revenue, cost, and risk outcomes enabled by dark data where
possible.

* Strategic perspective - Note adjacent gains like decision making, innovation, and readiness
improvement powered by new information access.

e ROl forecasting - Project multi-year returns based on measured results, planned initiatives, and
reasonable data-driven extrapolation.

This holistic perspective captures dark data’s immense organizational value.

For stakeholders, conveying both the tangible and intangible, future-facing value of optimized dark data
utilization builds lasting strategic commitment.

6. CONCLUSION

In today's highly competitive, data-driven business climate, organizations can no longer afford to keep vast
troves of dark data hidden and underutilized. Tapping into this overlooked asset empowers game-
changing moves. However, without a structured approach, attempts to harness dark data only yield
frustration and false starts.

The integrated framework outlined provides organizations a blueprint to efficiently illuminate and extract
value from dark data across people, process, data, and technology dimensions. From discovery to access
and governance to analytics, the framework puts in place the necessary capabilities to continuously
circulate dark data insights throughout the business.

With dark data now powering everything from operations optimizations to new product ideas, the results
speak for themselves. Revenue increases. Costs decline. Risks retreat. Opportunity expands on all fronts.

Yet beyond financial returns, activated dark data also cultivates something even more valuable - a truly
data-driven culture. Unconventional data once left unseen now prominently guides decisions at all levels.
Business practices evolve based on where the facts lead, not assumptions. Rapid iteration and adjustment
occurs as new data signals emerge.

This cultural shift is the paramount payoff from unraveling dark data’s potential. Viewing all information as
an asset to manage, grow, and leverage provides durable competitive edge. As other untapped data
sources arise in the future, like connected devices, the organization has the mindset, skills, and framework
to rapidly transform novelty into business advantage.

With the velocity of data generation only accelerating, companies not urgently addressing their dark data
today already find themselves behind. They may even lack sufficient baseline data to catch up. But by
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making a commitment to continuously refine and maximize the value of their own dark data, forward-
thinking organizations ensure they have the integral information inputs to outperform rivals for years to
come.

6.1 The Urgent Need to Unlock Dark Data Value

The exponential growth of data is creating an imperative for organizations to finally tap into the vast troves
of 'dark data’ they already possess but do not analyze or use. Unlocking dark data represents the next great
horizon for competitive advantage, but time is running out to lay the needed foundations.

A Widening Gap

As technology proliferates across products, operations, customers and markets, useful data multiplies
rapidly. Leading companies actively gather, process, analyze and act on newly available information.
Laggards allow yawning gaps between the data they could leverage and what little they actually apply.

Forrester Research estimates less than 0.5% of data gets used for decision making while over 60% qualifies
as dark. As that divergence keeps expanding, so does the performance gap between data-driven leaders
and laggards stuck in the dark.

Missed Opportunities
Letting dark data lie dormant denies organizations immense opportunities:

e Customer insights - Dark data holds keys to better engaging, serving, and retaining customers.
Competitors will gain advantage by listening.

» Efficiency gains - Dark operational data points the way toward cost savings and performance
improvements.

e Enhanced innovation - Unknown needs and markets hide in plain sight within dark data. So do
ideas for breakthrough offerings.

o Sharper decisions - Analyzing dark data provides more context to make strategic choices. Rivals
leveraging broader inputs will outmaneuver those relying only on a narrow subset of bright data.

¢ Future readiness - Al and algorithms require massive, diverse data to function optimally. Limiting
inputs leaves models shortchanged.

The longer organizations neglect their dark data, the further ahead competitors will surge in seizing these
opportunities.

Closing Windows

In a time of rapid change, data has a short half-life before losing relevance. Critical warnings can emerge
and then disappear quickly into the expanse of dark data. Examples include:

e Customer sentiment - Feedback and behaviors signaling emerging needs or dissatisfaction.
e Market signals - Data indicating changing trends, densities, and segment behaviors.
o Competitive threats - Patterns revealing new rival products, technical abilities, or alliances.

o Risk exposures - Anomalies and security events that should flag intervention.
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Dark data often holds the earliest signals of risks and opportunities. But insights left unseen today may be
permanently lost in the deluge of new data tomorrow.

A Call to Action

The choice facing organizations is stark - urgently prioritize unlocking dark data now or accept
disadvantages as the divide keeps growing.

Fortunately, proven frameworks and technologies exist to shed light on dark data if applied relentlessly. The
task requires cross-functional commitment, investment, talent and cultural change.

While daunting, illuminating and activating dark data also promises immense rewards for companies bold
enough to take on the challenge. Executives must weigh the substantial risks and missed possibilities from
inaction.

One thing is certain - competitive dynamics will not allow turning a blind eye to dark data much longer.
The time for action is now.

6.2 Recommended Next Steps for Implementation
Organizations convinced of the need to unlock dark data next require clear action steps to make progress
tangible. A phased approach allows building capabilities while demonstrating quick wins.

Survey Dark Landscape

First priority is discovery to reveal dark data scope and sources across the enterprise. Rapid scanning and
sampling of databases, archives, files shares and other repositories provides the lay of the land. Basic
cataloging and tagging begins illuminating dark assets.

Build Foundations

With a baseline data map established, focus turns to foundations. Assessing internal skills and gaps guides
hiring. Cloud data lakes and modern metadata systems come online. Data protection, privacy and
governance policies get updated to include dark data management.

Target High Impact Use Case

A targeted initial use case tests potential while cementing processes. For example, applying text analytics
and machine learning to customer feedback and sales team notes may uncover future churn risks.
Focusing firepower on a single urgent business priority familiarizes teams with the challenges and
possibilities of dark data.

Scale Access and Analytics

Bolstered by early successes, expand efforts to wider pools of prioritized dark data. Advanced analytics
platforms and data visualization make additional data sets consumable to business teams. Change
management and training broaden usage.

Continuous improvement

With foundations solidified and returns demonstrated, managing and optimizing dark data becomes
business as usual. Consistent focus on skill building, data enhancement, and deriving insights sustains
momentum. Regular scanning also identifies new dark data emerging from innovations.
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This incremental progression through the dark data framework minimizes disruption while delivering
tangible wins. Even early steps reveal valuable overlooked information at the heart of the business.
Leadership confidence and support grows as dark data contributes to performance and culture. While
long-term work remains, enlightened organizations find themselves continuously expanding what is

possible by bringing dark data to light.

REFERENCES

[1] Team, E. (2023, May 29). Building a Data-Driven Culture: Key Steps for Organizations - CEO Networking
| BEST CEOS GROUP & Entrepreneur Examples — CEO Hangout. CEO Networking | BEST CEOS GROUP &
Entrepreneur Examples — CEO Hangout. https://ceohangout.com/building-a-data-driven-culture-
key-steps-for-organizations

[2] Frgckiewicz, M. (2023, June 4). From Darkness to Light: Transforming Dark Data into Actionable Insights.
TS2 SPA;CE. https://ts2.space/en/from-darkness-to-light-transforming-dark-data-into-actionable-
insights

[3] Pandey, D., Nassa, V. K., Jhamb, A, Mahto, D., Pandey, B. K., George, A. H,, ... & Bandyopadhyay, S. K. (2021).
An integration of keyless encryption, steganography, and artificial intelligence for the secure
tran)smission of stego images. In Multidisciplinary approach to modern digital steganography (pp. 211-
234). Gl Global.

[4] George, A. S, & George, A. H. (2022, June 27). Open Network for Digital Commerce (ONDC):
Democratizing Digital Commerce and curbing digital monopolies in India | Partners Universal
International Research Journal. Open Network for Digital Commerce (ONDC) : Democratizing Digital
Commerce and Curbing Digital Monopolies in India | Partners Universal International Research Journal.
https://doi.org/10.5281/zen0do.6799694

[5] Frgckiewicz, M. (2023, May 21). The Benefits and Opportunities of Dark Data: Insights and Discoveries.
TS2 SPACE. https:/)lts2.spoce/en/the—beneflts—ond—opportunities—of—dork—doto—insights—ond—
discoveries

[6] Claude, C. (2022, July 25). Dark Data & Ways to Bring it into the Light for Strategic Outcomes & Values |
lllumination Works LLC. Dark Data & Ways to Bring It Into the Light for Strategic Outcomes & Values |
lllumination Works LLC. https://ilwllc.com/2022/07/dark-data-and-ways-to-bring-it-into-the-light-
for-strategic-outcomes-and-values/

[7] shaji George, D. A, & George, A. H. (2022, September 29). Data Sharing Made Easy by Technology
Trends: New Data Sharing and Privacy Preserving Technologies that Bring in a New Era of Data
Monetization | Partners Universal International Research Journal. Data Sharing Made Easy by
Technology Trends: New Data Sharing and Privacy Preserving Technologies That Bring in a New Era of
Data Monetization | Partners Universal International Research Journal.
https://doi.org/10.5281/zenodo.7111123

[8] Navigating the Abyss: Unvejling the Hidden Power of Dark Data. (nd.). Polymer.
https://www.polymersearch.com/glossary/dark-data

[9] M. (2023, August 17). What is Dark Data & Why Does it Matter? Cognitive Data Capture | Rossum.
https://rossum.ai/blog/what-is-dark-data-why-does-it-matter/

[10]Porter, A. (2022, January 10). What |s Dark Data? Uncovering Vulnerable Data. BigiD.
https:/ /bigid.com/blog/what-is-dark-data/

[11] George, D. S, George, A. H,, Baskar, D, & Pandey, D. (2022, September 29). The Transformation of the
workspace using Multigigabit Ethernet | Partners Universal International Research Journal. The
Transformation of the Workspace Using Multigigabit Ethernet | Partners Universal International
Research Journal. https://doi.org/10.5281/zenodo.7111398

[12]Four Steps To Shed Light On Dark Data. (n.d.)., Four Steps to Shed Light on Dark Data.
https://www.epigglobal.com/en-us/resource-center/articles/four-steps-to-shed-light-on-dark-
data

[13]George, A. S, Hovan George, A. S, & Shahul, A. (2023, June 25). Exploring the Impact of Virtual Reality on
Social Interaction and Communication Skills in Individuals with Autism Spectrum Disorder: A
Comparative Study | Partners Universal International Innovation Journal. Exploring the Impact of Virtual
Reality on Social Interaction and Communication Skills in Individuals With Autism Spectrum Disorder:

© 2023, PUIIJ | PU Publications | DOI10.5281/zenodo.8262384 Page | 58


https://ts2.space/en/from-darkness-to-light-transforming-dark-data-into-actionable-insights/
https://ts2.space/en/from-darkness-to-light-transforming-dark-data-into-actionable-insights/
https://ilwllc.com/2022/07/dark-data-and-ways-to-bring-it-into-the-light-for-strategic-outcomes-and-values/
https://ilwllc.com/2022/07/dark-data-and-ways-to-bring-it-into-the-light-for-strategic-outcomes-and-values/

S\

el

| % Partners Universal International Innovation Journal (PUIIJ)
V2

\ ey Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

A Comparative Study | Partners Universal International Innovation Journal.
https://dol.org/10.5281/zenodo.8075801

[14]50 Examples of Machine Learning & Al Data Analytics | CallMiner. (n.d.). 50 Examples of Machine
Learning & Al Data Analytics ~| CallMiner. https://callminer.com/blog/smart-implementation-
machine-learning-ai-data-analysis-50-examples-use-cases-insights-leveraging-ai-ml-data-
analytics

[15]Dark Data: Concept, Challenges, and Ways to Manage It. (n.d.). Dark Data: Concept, Challenges, and
Ways to Manage It. https://at on.com/dork—dqto—lol?

[16]shaji George, D. A, & Hovan George, A. S. (2023, June 25). Telemedicine: A New Way to Provide
Healthcare | Partners Universal International Innovation Journal. Telemedicine: A New Way to Provide
Healthcare | Partners Universal International Innovation Journal.
https://doi.org/10.5281/zenodo.8075850

[17]Chatterjee, M. (2023, January 5). Data Science vs Machine Learning and Artificial Intelligence: The
Difference Explained (2023). Great Learning Blog: Free Resources What Matters to Shape Your Career!
https:/ /[www.mygreatlearning.com/mit-data-science-and-machine-learning-program

[18]Frgckiewicz, M. (2023, July 10). Dark Data: The Hidden Driver of Artificial Intelligence and Machine
Learning. TS2 SPACE. https://ts2.space/en/dark-data-the-hidden-driver-of-artificial-intelligence-
and-machine-learning/

[19]Shaji George, D. A, Hovan George, A. S, Shahul, A, & Baskar, D. T. (2023, June 25). Al-Driven
Breakthroughs in Healthcare: Google Health’'s Advances and the Future of Medical Al | Partners
Universal International Innovation Journal. Al-Driven Breakthroughs in Healthcare: Google Health’'s
Advances and the Future of Medical Al | Partners Universal International Innovation Journal.
https://doi.org/10.5281/zenodo.8085221

[20]Business models for sustainable innovation — an empirical analysis of frugal products and services.
(2016, February 19). Business Models for Sustainable Innovation — an Empirical Analysis of Frugal
Products and Services - ScienceDirect. https://doi.org/10.1016/]jclepro.2016.02.050

[21]iInformation  Security ~ Matters:  Privacy, in  the  Dark (Data). (nd.). ISACA.
https://www.isaca.org/resources/isaca-journal/issues/2022/volume-1/privacy-in-the-dark-data

[22]George, A. S, & Sagayarajan, S. (2023, March 31). Securing Cloud Application Infrastructure:
Understanding the Penetration Testing Challenges of laaS, PaaS, and SaaS Environments | Partners
Universal International Research Journal. Securing Cloud Application Infrastructure: Understanding the
Penetration Testing Challenges of laas, Paas, and SaasS Environments | Partners Universal International
Research Journal. https://doi.org/10.5281/zenodo.7723187

[23]sengupta, N. (2023, August 3). Council Post: How To Mitigate Data Remanence And Dark Data Risks To
Safeguard Sensitive Information. Forbes.
https://www.forbes.com/sites/forbestechcouncil/2023/08/03/how-to-mitigate-data-remanence-
and-dark-data-risks-to-safeguard-sensitive-information

[24]How to mine dark data with machine learning and Al | TechTarget. (nd.). IT Operations.
https://www.techtarget.com/searchitoperations/tip/How-to-mine-dark-data-with-machine-
learning-and-Al

[25]shaiji George, D. A, Hovan George, A. S, & Gabrio Martin, A. S. (2023, June 25). ChatGPT and the Future
of Work: A Comprehensive Analysis of Al's Impact on Jobs and Employment | Partners Universal
International Innovation Journal. ChatGPT and the Future of Work: A Comprehensive Analysis of Al's
Impact on Jobs and Employment | Partners Universal International Innovation Journal.
https://doi.org/10.5281/zenodo.8076921

[26]Trends, T. (2023, July 20). Managing the Security Risks of Dark Data - Tech News Trends. Technology
News & Trends. https://www.technologynewsntrends.com/managing-security-risks-of-dark-data

[27]The Dangers of Dark Data and How to Minimize Your Exposure. (n.d.). CIO.
https://www.cio.com/article/250529/the-dangers-of-dark-data-and-how-to-minimize-your-
exposure.html

[28] sonawane, N. (2023, June 22). Risks of Dark Data. EnterpriseTalk.
https://enterprisetalk.com/featured/risks-of-dark-data/

[29]What is Dark Data and How Do Data Products Shed Light on it? (2021, December 27). What Is Dark Data
and How Do Data Products Shed Light on It? https://www.k2view.com/blog/what-is-dark-data

[30]M. (2023, August 17). What is Dark Data & Why Does it Matter? Cognitive Data Capture | Rossum.
https:/[rossum.ai/blog/what-is-dark-data-why-does-it-matter/

[31]Frackiewicz, M. (2023, May 21). Dark Data for Marketing and Customer Analytics. TS2 SPACE.
https:/[ts2.space/en/dark-data-for-marketing-and-customer-analytics

© 2023, PUIIJ | PU Publications | DOI10.5281/zenodo.8262384 Page | 59



-

i

‘9’% Partners Universal International Innovation Journal (PUIIJ)

NV

N

(N

(

Volume: OllIssue: 04 | July-August 2023 | www.puiij.com

[32]Team, K. (2023, May 23). What Is Dark Data and Why Should You Care? Kizen.
https://kizen.com/content/data/what-is-dark-data

[33]Definition of Dark Data - Gartner Information Technology Glossary. (n.d.). Gartner.
https://www.gartner.com/en/information-technology/glossary/dark-data

[34]Kamat, N, Gupta, A, & Narayanan, P. (2022, July 5). The Price of Not Knowing : How Dark Data Can Be
the X-Factor in Analytics - ET Edge Insights. ET Edge Insights. https:/ /etinsights.et-edge.com/the-price-
of-not-knowing-how-dark-data-can-be-the-x-factor-in-analytics/

[35]Dark Data: Concept, Challenges, and Ways to Manage It. (n.d.). Dark Data: Concept, Challenges, and
Ways to Manage It. https://atlan.com/dark-data-101

[36]Dark data in R&D: How knowledge management can uncover hidden value. (2022, October 25). Dark

Data in R&D: How Knowledge Management Can Uncover Hidden Value | CAS.
https://www.cas.org/resources/cas-insights/digital/dark-data-knowledge-management
[37]Definition of Dark Data - Gartner Information Technology Glossary. (n.d.). Gartner.

https://www.gartner.com/en/information-technology/glossary/dark-data

[38]Porter, A. (2022, January 10). What Is Dark Data? Uncovering Vulnerable Data. BigiD.
https://bigid.com/blog/what-is-dark-data/

[39]Yackel, R. (2022, May 31). What is Dark Data and How it Causes Data Quality Issues - Databand.
Databand. https://databand.ai/blog/what-is-dark-data-and-how-it-causes-data-quality-issues/

[40]A. (2022, May 18). Big Data Analytics (& Why Dark Data Matters). Authenticx.
https://authenticx.com/resources/big-data-analytics-why-dark-data-matters/

© 2023, PUIIJ | PU Publications | DOI10.5281/zenodo.8262384 Page | 60



