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Introduction

Artificial Intelligence (Al) has steadily moved from research labs into the
heart of everyday life, redefining how people live, work, and think about the
world. Once imagined as a distant frontier, Al today is a critical instrument in
advancing human knowledge and enabling decision-making across diverse

fields.

In some of the harshest environments on the planet, for instance, Al is being
deployed to conduct research in the Arctic and the North Pole. These regions
present enormous logistical and environmental challenges for scientists who
seek to measure climate change, track ice movement, and study fragile
ecosystems.

Al-powered satellite imaging and pattern recognition models help researchers
make sense of vast, complex datasets that would otherwise take years to
analyse manually. By identifying changes in ice coverage, sea levels, and
atmospheric conditions, Al contributes to a better understanding of how global
warming is reshaping one of Earth’s most vital regions. Without these tools, the
pace of climate research would be far slower, and many important discoveries
about planetary health could be missed.
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This same intelligence extends into domains much closer to everyday human
experience. Consider personal finance apps that advise users when to buy or
sell cryptocurrencies such as Bitcoin. Algorithms track real-time market
conditions, assess risks, and generate recommendations designed to give
individuals a competitive edge. For millions of users worldwide, these systems
are not simply conveniences but trusted advisors. Similarly, healthcare
providers rely on Al-assisted diagnostics, governments use Al for public
planning, and businesses depend on Al to automate everything from supply
chain management to customer service. In each of these cases, the
technology’s integration into critical decision-making highlights just how
dependent modern society has become on Al outputs.

Among all Al technologies, generative Al has risen to prominence for its ability to
produce human-like text, images, and even reasoning-based outputs on
demand. It has become embedded in classrooms, workplaces, and personal
devices. Yet this very dependence exposes an uncomfortable reality: Al
systems, especially generative ones, are prone to a phenomenon known as
hallucination. In this context, hallucination does not refer to a human sensory
illusion but rather to situations where the Al produces outputs that are
inaccurate, fabricated, or nonsensical. It may cite events that never occurred,
invent references, or produce text and visuals that simply do not align with
reality. What make this concerning is the degree of confidence with which these
systems present such outputs, often making errors indistinguishable from
genuine insights to the average user.

Research suggests that hallucination rates can vary significantly, with some
models showing inaccuracies as low as 5% while others rise closer to 30% or
more depending on the query type and domain. Newer ‘reasoning’ models,
intended to push the boundaries of contextual understanding, have even
demonstrated higher rates of error in certain benchmarks. For example,
OpenAl’s 03 and o4-mini models hallucinated 33% and 48% of the time on
‘PersonQA, with even higher rates on ‘SimpleQA’ tests. These findings suggest
that advanced reasoning capabilities may sometimes come at the cost of factual
reliability, posing a potential trade-off that enterprises must consider before
deploying such systems.
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The consequences of hallucination extend far beyond academic curiosity. When
Al produces false or misleading content, the impact can ripple through multiple
sectors. In finance, misinformation can lead to misguided investments. In
healthcare, an incorrect recommendation might endanger lives. In law,
fabricated citations have already led to professional sanctions against
practitioners who relied too heavily on Al-generated content. Even in public
communication, errors from Al systems can damage reputations, as seen when
a high-profile technology company promoted an incorrect claim in a product
demonstration. These examples underscore why hallucinations are not trivial
mistakes but critical challenges in the adoption of trustworthy Al.

That does not mean enterprises should accept hallucinations as an unavoidable
feature of generative systems. On the contrary, organizations exploring Al for
reasoning-heavy, domain-specific, or complex applications have strong
incentives to demand higher standards of reliability. From scientific research and
financial analysis to healthcare diagnostics and legal practice, the stakes are
simply too high for hallucinated outputs to go unchecked. The task at hand is
not to dismiss Al's potential but to better understand the types of hallucinations,
their causes, and the strategies available for reducing their frequency and
impact.

This whitepaper explores those aspects in depth, beginning with an analysis
and categorization of hallucination types before moving into methods that can
help establish generative Al as a more reliable and trustworthy partner in
human decision-making.
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Understanding the Types of Al Hallucinations

The phenomenon of hallucination is not uniform. Generative Al can fail in
multiple ways, each carrying its own risks, frequency, and potential
consequences. By analysing and categorizing these types, researchers and
practitioners gain not only clarity on what goes wrong but also insight into how
to address these issues systematically.

One of the most common categories is factual inaccuracies. Here, the Al
produces information that sounds convincing but is simply incorrect. This could be
the wrong date, an incorrect scientific explanation, or a misattribution of a quote.
Because such errors can be subtle, they are among the most dangerous. In a
medical context, a misreported dosage recommendation could lead to harmful
treatment decisions. In journalism or education, repeated factual errors can erode
public trust in Al-based systems. To counter this, Retrieval-Augmented

Generation (RAG) is often recommended, where the model grounds its outputs in
external, verified data sources, ensuring that it cites and references rather than
invents.

Closely related but more severe is fabricated content, where the Al entirely
invents entities, events, or sources. This is not a mere slip in numbers but the
creation of something that does not exist at all—such as a non-existent scientific
study or a fabricated legal case. Fabricated content is particularly damaging
because it can waste significant time and resources as humans attempt to verify
claims, and it has already caused reputational and legal consequences. Enhanced
fact-checking, post-generation filters, and training models to indicate uncertainty
when information is scarce are emerging strategies to combat this.

Another frequent frustration is instruction inconsistency, when Al systems fail to
follow explicit user instructions or contradict information given to them. For
organizations that aim to use Al in workflows and task automation, this can
translate into inefficiency and incorrect execution. Clearer prompt design, use of
delimiters, and adversarial testing can reduce the frequency of this type of error.
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Another category, harmful misinformation, occurs less frequently but carries
much greater risks. When an Al spreads false claims about real individuals or
organizations, the results can be defamatory, damaging reputations and
potentially leading to legal action. Such errors highlight why robust moderation
and safety filters are essential, as well as fine-tuning systems with adversarial
examples that train models to recognize and avoid producing such harmful
outputs. Given the sensitivity of these cases, rapid human intervention remains
indispensable.

Sometimes, hallucinations manifest as nhonsensical outputs—responses that are
absurd, illogical, or entirely disconnected from the prompt. While these may
occasionally be humorous, in professional or critical use cases they undermine
confidence in the system'’s utility. Improving prompt clarity, adjusting sampling
settings, and constraining the model's behaviour are common methods of
reducing these outcomes.

Temporal challenges create another form of hallucination: temporal
inconsistencies, where the model confuses dates, tim=tii:es, or chronological
sequences. In historical analysis or planning tasks, this can mislead users
significantly. Introducing time-aware retrieval systems and explicitly embedding
temporal context into prompts are some of the strategies being tested to
address these inconsistencies.

Finally, in the visual domain, visual hallucinations have become a well-known
issue in image generation systems. Examples include distorted human limbs,
garbled text within images, or impossible objects. Sucl izcues can produce
content that is aesthetically unconvincing or outright unusable. The solution
often lies in better training data, adversarial refinement, and human review.

Al can also over-generalize, giving overly broad or simplistic answers that do not
provide the level of detail required. While not as visibly harmful as fabrications,
these outputs often fail to deliver actionable insights, leaving users with
incomplete or misleading understandings. Encouraging Al to ask clarifying
guestions and fine-tuning models with more specific examples can reduce this
problem.
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Visual
Hallucinations

Errors in image
generation due to
data issues

Over-
generalizations

Broad conclusions
from limited data

Temporal
Inconsistencies

Errors in chronological

reasoning

Al Hallucination Types

Factual

Inaccuracies
Errors due to
outdated or
incomplete
data

Fabricated

Content
Filling knowledge gaps
with invented

information

Harmful
Misinformation

; Spreading false
information with
negative consequences

Nonsensical
Outputs

Incoherent results
from poor prompts

Instruction

Inconsistency
Difficulty
understanding
complex
instructions

Categorizing hallucinations this way is hot an academic exercise alone. It
provides the foundation for systematic mitigation strategies that align with the
specific weaknesses observed in models, making it possible to target the issue
more effectively rather than treating hallucinations as a single, monolithic failure.
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Real-World Consequences of Hallucinations

The abstract categories of hallucinations become much more tangible when
examined through real-world incidents. Two high-profile cases illustrate just how
significant the consequences can be when generative Al produces false
information.

1. Google’s introduction of its chatbot, Bard:

In an official blog entry accompanied by an animated demonstration,
Bard was asked a question about discoveries from the James Webb
Space Telescope. The Al confidently stated that the telescope had
captured the first-ever picture of an exoplanet. This claim was false. In
reality, exoplanets had been imaged nearly two decades earlier using
ground-based telescopes. The error was not hidden in some obscure
corner of the demo; it was showcased in a public launch event and
even promoted in a tweet. The fallout was immediate. Analysts
criticized Google for presenting unverified claims in such a high-stakes
context, and the company’s market value dropped significantly in the
days that followed. This case illustrates how hallucinations, when
publicized by trusted organizations, can have direct financial
repercussions and erode public confidence in both the product and
the company behind it.

2. Risks in the legal profession:

In 2023, a U.S. federal judge sanctioned two New York lawyers for
submitting a legal brief containing six fabricated case citations. The
lawyers had used ChatGPT to generate portions of their filing and did
not independently verify the results.



https://in.mashable.com/tech/46866/bard-shared-false-information-in-googles-announcement#google_vignette
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The Al produced entirely fictitious legal precedents, which were
presented as genuine. When opposing counsel and the court
attempted to locate these cases, none existed. The judge-imposed
sanctions, and the incident drew widespread media coverage, casting
doubt not only on the judgment of the lawyers but also on the
reliability of Al in legal practice. This case demonstrates how
hallucinations can directly compromise professional integrity and lead
to legal consequences.

Both examples underscore a central theme: hallucinations are not isolated
curiosities. They have concrete consequences that affect financial markets,
legal systems, and public trust. For enterprises considering Al adoption, these
risks cannot be ignored. However, these incidents also serve as learning
opportunities. They show where safeguards were lacking—be it fact-checking,
human oversight, or clearer disclosure of Al limitations—and suggest paths for
improvement.
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The Impact of Al Hallucinations on
Enterprises

Generative Al has become an integral part of enterprise operations, from
customer-facing chatbots to research support, data analysis, and process
automation. Yet hallucinations undermine the very trust that businesses seek to
cultivate through these technologies. When an Al system confidently delivers
false information, the consequences extend far beyond the immediate error.
They can erode customer trust, expose organizations to legal risks, generate
financial losses, and disrupt operations across entire industries. Understanding
how hallucinations manifest in different sectors highlights both the breadth and
depth of the challenge.

#) Pharmaceutical Research

In pharmaceutical research, accuracy is critical. Al systems are increasingly
used to identify potential drug candidates, model protein structures, or analyze
clinical trial data. A hallucinated output in this context could mean suggesting a
molecule that does not exist or misreporting trial results. Even if caught early,
such errors waste significant time and resources. If overlooked, they could
mislead researchers, compromise patient safety, or delay the development of
life-saving treatments. For enterprises that invest billions in drug development,
even minor detours caused by hallucinated results can carry staggering costs.

M Finance

In the financial industry, hallucinations can distort market analysis or provide
misleading investment recommendations. A single incorrect claim about
regulatory changes, market movements, or company performance can trigger
misguided decisions that affect portfolios worth millions. Generative Al chatbots
promising advice on cryptocurrencies, stocks, or personal finance are especially
vulnerable to producing plausible but inaccurate insights. For firms, this can
result in reputational damage and regulatory scrutiny, while for individual clients
it translates into direct monetary loss.

10
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88 Legal Services

The legal field has already seen the dangers of Al hallucinations. The case of
two New York lawyers sanctioned for submitting a brief with fictitious case
citations illustrates how catastrophic reliance on unverified outputs can be. For
law firms, such mistakes compromise professional credibility and create liability
issues. The broader concern is that clients who trust Al-driven tools to interpret
contracts or draft legal arguments could be misled by fabricated statutes or
precedents. Legal enterprises must therefore adopt a cautious approach,
ensuring that Al augments but never replaces human expertise in critical
workflows.

@ Air Travel

The aviation industry, where safety and reliability are paramount, has also
experienced the effects of Al hallucinations. A striking example comes from
Vancouver resident Jake Moffatt, who turned to Air Canada’s Al chatbot after
the death of his grandmother. The bot assured him that bereavement fares
could be claimed up to 90 days after travel. Acting on this information, Moffatt
booked a $1,200 flight. When he later sought the promised discount, the airline
rejected the claim, insisting the chatbot’s output was wrong and nonbinding. At
a tribunal, however, the airline was held accountable for its Al's assurances. This
case highlights the legal and reputational risks of hallucinations in industries
where customer trust is central.

/@ Consulting and Advisory Services

Consulting firms rely on their reputation for delivering accurate, data-driven
insights. A hallucinated market analysis, fabricated case study, or incorrect
industry projection could compromise client trust and result in costly missteps.
For industries like strategy consulting, where relationships and credibility drive
revenue, even a single error can diminish the perceived value of the entire
organization.

11
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dJ Supply Chain Management

Generative Al is being tested to optimize logistics, forecast demand, and monitor
supply chain vulnerabilities. A hallucination in this domain might misrepresent
inventory levels, suggest non-existent suppliers, or miscalculate transportation
timelines. The consequences can cascade through the chain, causing stockouts,
missed deadlines, and financial losses for multiple parties.

M. Small Business Vulnerabilities

Hallucinations are not limited to large corporations; small businesses are equally
vulnerable. Stefanina’s, a family-run restaurant in Missouri, learned this firsthand
when customers began arriving expecting discounts and menu items that did
not exist. These false promotions were generated by Google’s Al tools, leaving
the restaurant’s staff scrambling to manage frustrated patrons. The owners were
forced to publicly issue corrections on social media, clarifying that only their
official channels provided accurate information. For a small business, even
modest reputational damage or operational disruption caused by hallucinations
can have outsized effects, straining already limited resources.

Hallucinations in enterprises, therefore, are not merely technical issues; they
represent business risks. From pharmaceuticals to aviation and family-run
restaurants, no sector is immune. The next step is to understand how these
risks manifest as financial, reputational, and operational losses.

12
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Many Faces of Business Loss from
Hallucinations

Enterprises invest in Al to improve efficiency, reduce costs, and unlock
innovation. But when hallucinations go unchecked, these systems can produce
the opposite effect, leading to measurable losses across several dimensions.
These consequences range from direct financial costs to broader, long-term
damage to reputation and customer loyalty

Financial Losses

The Air Canada tribunal decision demonstrates direct financial liability. By ruling
that the airline must honor the chatbot’s promises, the tribunal confirmed that
hallucinations can become binding obligations. For small businesses like
Stefanina’s, financial loss manifests differently. Staff time diverted to explaining
false promotions, dissatisfied customers demanding non-existent deals, and the
reputational harm that discourages repeat visits all translate into lost revenue.

Reputational Harm

Reputation is one of the most fragile assets for enterprises. A single
hallucination amplified through social media or press coverage can undermine
years of brand-building. Google’s Bard incident, where the chatbot presented
incorrect astronomical claims during a public demonstration, damaged the
company'’s image of technological reliability and even impacted its stock value.
For smaller businesses, reputation loss may not affect global markets, but it can
deter loyal customers who form the foundation of their revenue.

Legal Liabilities

In industries like law and healthcare, hallucinations carry the added burden of
legal risk. Lawyers submitting Al-generated but fabricated case citations faced
sanctions and reputational fallout. Healthcare providers relying on Al diagnostics
that hallucinate symptoms or treatments could face malpractice suits.
Enterprises must therefore see hallucinations not just as technical errors but as
liabilities that could have legal consequences.

13
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Operational Inefficiencies

Hallucinations often result in wasted time and resources. Staff must double-
check Al outputs, clarify false information, or engage in damage control with
clients and customers. What is marketed as an efficiency tool then becomes a
source of inefficiency, draining human resources that were meant to be freed by
automation.

Customer Trust and Loyalty

Perhaps the most significant loss is intangible: customer trust. For Jake Moffatt,
Air Canada’s initial refusal to honour its chatbot’s promise was more than a
financial inconvenience—it was a breach of trust during an emotionally difficult
time. For Stefanina’s customers, being misled about menu items damaged their
perception of the restaurant. Once trust erodes, it is difficult to rebuild, and
enterprises risk losing not only current customers but also their networks of
influence.

How Al Hallucinations Cost Businesses

© Financial Liability

Refunds, discounts, or compensation required
when customers act on false information.

@ Reputation Damage
Negative press and social media
backlash undermine brand image.

Legal Risks
Litigation and sanctions when hallucinations
mislead in regulated industries.

Al Hallucinations

Al-generated false
information causing
business disruptions

Operational Inefficiency

Staff time wasted correcting errors
instead of delivering value.

Erosion of Trust

Long-term customer relationships
weakened or lost.

14
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The Struggle for Balance in Al Reliance

While the risks of hallucinations are well established, enterprises face difficult
choices when integrating Al. The promise of automation and efficiency often
outweighs the perceived likelihood of error, leading organizations to over-rely on
Al systems. This reliance increases the risk that hallucinations will reach
customers before humans can intervene.

Cost Pressures

One major driver of Al adoption is cost. Human staff, whether customer service
representatives, legal researchers, or analysts, are expensive to hire, train, and
retain. Al systems offer a lower-cost alternative that can operate around the
clock. For organizations facing inflation, tight margins, or competitive pressure,
the financial argument for automation is compelling. Unfortunately, this reliance
sometimes comes at the expense of oversight, allowing hallucinations to slip
through unchecked.

Optimism in Al Promises

Enterprises also adopt Al under the influence of optimistic claims about its
capabilities. Marketing materials and product pitches often highlight success
stories while downplaying risks. When executives hear that generative Al can
“transform customer service” or “redefine business analysis,” they are inclined to
view the technology as a solution rather than a tool with limitations. The gap
between expectation and reality becomes evident only after errors occur.

Speed vs. Accuracy

In high-paced industries, speed is often prioritized over accuracy. Chatbots are
designed to deliver instant answers, financial systems to provide real-time
recommendations, and supply chain platforms to suggest rapid adjustments.
The faster the system, the less likely it is that human review will catch
hallucinations before customers interact with them. Enterprises thus face the
difficult balance of meeting expectations for immediacy while ensuring
reliability.

15
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The Human Factor

Even when organizations understand the risks, the sheer volume of interactions
can make human oversight impractical. An airline serving millions of passengers
or a retailer handling thousands of online orders daily cannot feasibly review
every Al interaction. This scale problem pushes companies to rely heavily on
automation despite the risks, reinforcing a cycle where hallucinations inevitably
reach the customer.

Empathy for Enterprises

It is important to approach this issue with empathy for enterprises. The drive to
adopt Al is not reckless but rather a rational response to economic realities,
competitive pressure, and technological innovation. Companies seek to improve
efficiency, reduce costs, and offer better experiences. The difficulty lies in
striking a balance: ensuring that Al's benefits are realized without exposing
customers and stakeholders to the harm of hallucinations. This whitepaper
acknowledges these pressures and does not suggest abandoning Al. Instead, it
argues for more robust strategies that can allow enterprises to harness Al’s
promise responsibly.

As we move forward, the discussion will focus on the measures available to
reduce hallucination rates, enhance reliability, and establish frameworks for
trustworthy Al adoption. Enterprises do not have to choose between innovation
and safety; with the right approaches, they can achieve both.

16
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Ways to Tackle Al Hallucinations

Addressing hallucinations requires more than technical patches—it demands a
layered strategy that combines better model design, robust processes, and
empowered human teams. Several approaches are emerging as practical and
effective in reducing the frequency and severity of hallucinations:

Improving Training Data

Hallucinations often arise from gaps or biases in training data. Expanding
datasets with verified, domain-specific information reduces the risk of models
inventing content. For example, in healthcare, models trained on peer-reviewed
medical journals are less likely to fabricate conditions than those trained on
general web text. Enterprises should prioritize continuous curation and
enrichment of their training sets, ensuring accuracy and diversity.

Retrieval Augmented Generation (RAG)

RAG frameworks enable models to “ground” responses by retrieving facts from
reliable, external knowledge bases before generating outputs. This ensures that
answers are supported by authoritative sources rather than extrapolations. In
industries like finance and law, RAG can significantly lower the risk of fabricated
claims by tethering model outputs to verified references.

17
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Prompt Engineering and Fine-Tuning

The way questions are posed to Al influences accuracy. Prompt engineering—
designing structured queries with clear constraints—helps models stay within
factual boundaries. Fine-tuning models on organization-specific use cases
further enhances their reliability. Together, these methods ensure Al systems
are not only powerful but also contextually aligned.

Human Oversight for Validation

Human-in-the-loop systems remain essential, particularly for high-stakes
industries. While oversight adds friction, it prevents hallucinations from reaching
end users unchecked. Validation teams can act as “quality gates,” reviewing
outputs before they are deployed in sensitive contexts.

Guardrails and Monitoring

Enterprises are building guardrails—rule-based systems that block or flag
outputs with a high likelihood of inaccuracy. Continuous monitoring ensures that
models evolve responsibly, with feedback loops detecting when hallucination
risks increase due to shifts in data or usage patterns.

18
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Beyond the Obvious — Strategic Checkpoints
and Upskilling

While technical solutions are critical, enterprises also need subtle, strategic
approaches to tackle hallucinations.

Strategic Human Checkpoints

Unlike general oversight, strategic checkpoints are designed not to slow
processes unnecessarily but to intervene at critical junctures. For example, a
legal Al tool might be allowed to draft contracts autonomously, but checkpoints
could require human lawyers to validate final clauses before client delivery. This
ensures accuracy is preserved without compromising the speed advantage Al
provides. These checkpoints can be calibrated based on risk—low-risk outputs
may flow freely, while high-risk contexts demand stricter human validation.

Continuous Upskilling of Staff

Hallucination management is not solely a technical challenge; it is also a human
capability. Staff across industries must learn to:

o Craft effective prompts to minimize ambiguity.

e Apply prompt engineering techniques to shape outputs toward accuracy.

e Recognize hallucinations quickly, distinguishing between genuine insights
and fabricated content.

By investing in training, enterprises ensure their employees remain active
participants in the Al era rather than passive consumers of its outputs. Upskilling
creates resilience, enabling organizations to extract value from Al without
exposing themselves to unnecessary risks.

Cultural Shifts

Embedding Al responsibly requires a cultural mindset that values accuracy over
blind speed. When enterprises reward teams not only for fast adoption but also
for thoughtful validation, they reinforce practices that curb hallucinations. This
strategic alignment of incentives ensures that the pressure to “move fast” does
not come at the cost of credibility.

19



perimattic

Real-Life Examples

ﬂ%’ Amazon Bedrock:

Amazon’s Automated Reasoning checks bring verification onto the device
itself, achieving up to 99% accuracy before outputs reach users. This
proactive approach ensures that hallucinations are caught at the source,
particularly useful in regulated sectors like healthcare or finance. By
combining on-device logic verification with Bedrock Guardrails, Amazon
sets a precedent for embedding reliability into Al workflows.

salesforce SaIeSforce AI CIOUd:

Salesforce is approaching hallucinations by grounding outputs with Al
prompts and building a secure trust framework. The Einstein GPT Trust
Layer prevents sensitive customer data from being retained while enabling
reliable LLM outputs. Coupled with Service GPT, which leverages real-time
data to auto-generate service briefings, Salesforce demonstrates how
enterprises can maintain accuracy, governance, and compliance without
stifling innovation.

20
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Building Pathways to Trusted Al

The fight against hallucinations is not about eliminating errors entirely—no
system can achieve absolute perfection. Instead, the pathway forward lies in
designing Al ecosystems where accuracy, accountability, and adaptability are
built-in.

e Accuracy through grounding: Models must anchor outputs in verified
data using methods like RAG and enriched training sets.

« Accountability through checkpoints: Human validation must be
strategically integrated, ensuring oversight where risks are highest.

o Adaptability through upskilling: Staff must continuously refine their skills
in prompting, recognizing errors, and leveraging Al effectively.

When enterprises weave these elements together, they create a framework
where Al is both fast and trustworthy. Real-world leaders like Amazon and
Salesforce show that embedding guardrails and cultural shifts is possible at
scale. The next generation of Al systems will not merely generate information
—they will validate it, contextualize it, and deliver it responsibly.

For enterprises, the goal should be clear: adopt Al not just as a tool
for speed, but as a partner in building long-term trust. Trusted Al will
define competitive advantage in the years ahead—not simply because
it works faster, but because it works right.

21
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