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[bookmark: _ks9s64gmw0hw]Natural Language Processing: Overview
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[bookmark: _iuz7r66ljye2]What is NLP?
NLP is a field of AI that allows machines to understand and communicate with human language, mimicking human interaction. It comprises two processes: natural language understanding (NLU), which refers to machines understanding incoming audio or text, and natural language generation (NLG), which refers to machines responding via text or speech. Machines take unstructured data in the form of text or speech, convert it into structured, machine-readable formats, process a response, and convert the structured data response into unstructured human language or text/speech we can understand.
Did you know? The concept of NLP had its start in the 1950s with the renowned mathematician Alan Turing proposing what is now known as the Turing Test, which tests the intelligence of a machine by its ability to hold a natural language conversation with a human. Soon after, these capabilities were used by governments to decipher enemy communications and by universities to explore machine translation. The development of NLP was limited in the decades that followed until the evolution of technologies relating to machine learning (ML), deep learning, linguistics, and computer science in recent decades.
[bookmark: _smz68ojn8hfc]

[bookmark: _rvek7lxoozqe]NLP has a range of applications and can be used extensively by businesses
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How does it work? NLP involves the following main phases: lexical analysis, syntactic analysis, semantic analysis, discourse analysis, and pragmatic analysis, which, in turn, involve several tasks. This is hardly straightforward, as the complexities of human language are many—machines have to be taught to look beyond definitions and grammar rules and consider intent, culture, background, gender, idioms, accents, and subtleties like sarcasm, irony, and humor.
[bookmark: _gx0r2uw41b60]Main phases and common tasks in NLP
[image: ]Source: Compiled by SPEEDA Edge based on various sources

[bookmark: _h2nqr65juvk1]

[bookmark: _rsjdqqpolt3g]What’s driving demand?
[bookmark: _oovwftpwja16]1. The pursuit of (customer) happyness
Delivering a memorable customer experience is increasingly considered critical to business success. And for good reason. Surveys show that customer service influences repeat business, customer stickiness, and referrals and recommendations. What’s more, LinkedIn reported that 77% of consumers favor brands that invite and act upon customer feedback, while a survey by Salesforce Research revealed that 63% of consumers and 76% of B2B buyers expect businesses to know their unique needs and expectations.
NLP is ideally suited for customer service operations and its technologies can be used in many ways. It is not surprising, therefore, that according to a 2021 study by Odigo (a France-based software developer), 89% of European businesses were keen to adopt AI solutions to improve their customer experience, while 66% planned to launch NLP projects in the next two years. Further, in IBM’s Global AI Adoption Index for 2021, 52% of global IT professionals reported that their companies were using or considering NLP to improve customer experience.
[bookmark: _8qdwapjctjlk]

[bookmark: _jm6f446q3y1w]How NLP technologies can be applied to deliver a superior customer experience
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[bookmark: _ksm744uim3po]2. Making sense of data
Businesses generate around 2,000 petabytes of data each day across all industries. Commendably, they are more cognizant of the power of data and are investing in AI and Big Data. The next big challenge is to make sense of it. According to one study, around 95% of companies say their inability to understand and manage unstructured data is holding them back. (Unstructured data includes text documents, handwritten text, emails, videos, audios, incident/injury reports, technical manuals, technician notes, and contracts.) Of course, manual (or human) analysis is possible but is difficult to scale, subject to the risk of human error, and a waste of precious resources.
NLP, therefore, is a game-changer. It can help businesses read, understand, analyze, and derive meaningful insights from countless unstructured data sources.
[bookmark: _y2702fhyl8yk]Examples of NLP being used for data analysis across various industries
[image: ][image: ]Source: Compiled by SPEEDA Edge based on various sources
[bookmark: _70tb6di2rd57]

[bookmark: _juezab2bcf9v]3. Better, faster, and smoother business workflows
The application of NLP technologies extends far beyond customer service and data analysis. They can be integrated into a range of daily workflows to streamline operations, increase employee productivity, and simplify critical processes.

[bookmark: _h74xu01dfjhx]Businesses have deployed NLP in numerous fields
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[bookmark: _tubf4r2o90z6]Examples of the many ways in which NLP can improve business workflows
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We exclude the following areas when selecting companies for this industry: 
1. Data discovery solutions that analyze structured and unstructured data within an organization to understand the different types of information they hold and ascertain gaps in compliance with privacy regulations such as GDPR (covered under Digital Privacy Tools).
2. Data integration solutions that extract, transform, load, and store data to be used for further analysis (covered under Data Infrastructure and Analytics).
[bookmark: _47zxfaqzpyb2]What is investor interest like?
The disruptors within our coverage have enjoyed a continuous increase in investment flow. According to Expert.ai’s 2023 Expert NLP Survey Report: Trends Driving NLP Investment and Innovation, businesses are more eager than before to implement NLP technologies with the aim of reducing costs, driving growth, and gaining a competitive edge. What’s more, the availability of open-source models has made it easier for startups to launch commercial applications of NLP.
[bookmark: _gck70mk9pwpa]The NLP tool industry has enjoyed continued investor interest
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[bookmark: _ngdemdlg43zq]What are the challenges to growth?
Capturing the nuances and complexities of human language. This is, by far, no easy feat. Word ambiguity, varied writing styles and sentence structures, author intent and emotion, sarcasm, idioms, humor, metaphors, slang and colloquialisms, and grammar and usage exceptions are just some of its many subtleties that not only vary between languages but even between cultures. Data scientists, therefore, need to continuously “teach” and fine-tune NLP tools.
Keeping data secure. Using chatbots requires the disclosure of personally identifiable information (PII). However, chatbots could be subject to various attacks, putting the security of data at risk. Some regulatory protections exist—the California Privacy Rights Act (CPRA), which came into effect on January 1, 2023, and enhances the California Consumer Privacy Act (CCPA), and the EU’s General Data Protection Regulation (GDPR) are two of the most well known.
Although NLP teams are likely aware of the requirements of the better-known data protection regulations, it may not be practical to keep track of new regulations and changes to existing ones. In this case, following the GDPR as a baseline would be a conservative approach. Under the GDPR, consent for the use of PII in training NLP models is critical. Other requirements include data being free of any unnecessary personal information, keeping detailed records of where personal data is stored, and ensuring ML models cannot leak data.
The cost of R&D infrastructure may limit the participation of smaller players. The deep neural network-based approaches that are used for NLP development today can be expensive, requiring significant investment in R&D infrastructure. These may be prohibitive for smaller players, allowing larger incumbents such as Microsoft and Google to claim a dominant market share.
NLP technologies are perceived as being expensive. According to the IBM Global AI Adoption Index 2022, 54% of IT professionals surveyed cited cost as the top barrier to adoption globally (country-specific ratios included 43% in the US, 60% in France, and 58% in Spain). Businesses thinking of adoption need to make a “build or buy” decision. Today, businesses can choose to build their own NLP system using open-source NLP models, cloud NLP APIs, and free toolkits, with several text analytics vendors to choose from. This allows them to have complete control over the build, carry out on-premise processing, and develop internal capabilities. However, drawbacks include the time taken to build, difficulty in applying it to other use cases, lack of support and services, and expertise required. Therefore, businesses may instead opt to license an API or NLP platform, which allows them to deploy the model immediately and gives them access to a wider range of capabilities, besides maintenance support and services. The final decision will depend on which approach best meets the needs of the business.
There is no doubt about it—our dependence on NLP tools will grow, as we increasingly expect machines to understand our explicit requests and our implicit needs and wants. What's more, with data being dubbed the new oil, businesses need to draw insights from both structured and unstructured data to stay competitive. Not surprisingly, one report, which estimated the value of the NLP market at USD 13.5 billion in 2021, expects it to increase at a CAGR of 24% to USD 91 billion in 2030.
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NLP-driven customer service tool

Interactive voice response (IVR)

Support ticket routing

Survey, feedback, and sentiment
analysis

Customer service chatbots

Social media monitoring

Sentiment analysis

Voice searching (speech-to-text)

Search bars in websites and knowledge
bases

How it supports the customer experience

Routes calls to the correct team based on
customers’ voice responses, increasing the call
containment rate.

Routes tickets to the relevant team based on
context, allowing for faster response and
resolution time, which would have averaged 7
hours and 82 hours, respectively, if handled
manually.

Scours customer feedback for positive, negative,
and reviews of products, allowing businesses to
fix flaws and build on most-liked features.

+ Saves the cost of increasing the number of
personnel to handle queries.

+ Handles numerous customers simultaneously
and is available 24/7.

+ Frees up live agents to handle escalated
customer issues that require more time and
expertise.

+ According to a 2022 survey by Zendesk, 69% of
customers are willing to interact with a bot on
simple issues—an increase of 23% YoY.

Marketing teams can profile customers, gauge
their sentiment, and create personalized and
targeted marketing campaigns.

+ Companies can analyze customer feedback
and discover common topics of interest, identify
complaints, and track trends over time.

+ Companies can respond to negative comments
and complaints, improve product
recommendations based on previous reviews,
and better understand customer preferences.

Supports a considerable share of customers
who browse without a screen.

Supports users (43% according to some studies)
who go directly to the search bar on a website.

Source: Compiled by SPEEDA Edge based on various sources
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Some NLP use cases for data analysis

« To place a trade and make trading
recommendations

+ To mine information from corporate
documents and news releases and extract
information relevant to portfolios and trading
decisions

« To analyze scores of health records such as
patient records, clinical guidelines, and
diagnostic procedures to derive insights

« To streamline patient information by
automating the process of understanding
patients' conditions

« To support compliance processes by
extracting information and classifying financial
documents

« To streamline aircraft maintenance by
synthesizing information from manuals,
maintenance logs, and reports submitted by
pilots, engineers, and technicians

« To sift through large volumes and documents
for the discovery process or to prepare for a
case

« To inspect documents and reports related to
claims

Examples

« Asset manager American Century Investments
uses NLP in its research process to detect
deception in management commentary during
quarterly earnings calls

« Sanofi used Linguamtics’ NLP platform to
scour unstructured text from millions of pieces
of scientific literature to identify new biomarkers
for multiple sclerosis

+ JP Morgan Chase’s legal team uses its COIN
(Contract Intelligence) software to search and
review large volumes of legal documents

« Deutsche Bank's a-DIG tool quantifies
companies’ intangible assets, such as corporate
culture, reputation, and ability to innovate, for
use in investment decision-making

+ American Airlines uses NLP to instantly enter
and transcribe maintenance information using
speech recognition and simplify the process of
searching for the appropriate corrective actions

« Law firm Hagens Berman used NLP software
to mine 1 million+ documents for the investor
lawsuit against Theranos Co-founder Elizabeth
Holmes

« Zurich Insurance Group used NLP technologies
to understand and process the language within
claims documents, reducing claim review time,
policy review time, and annual underwriting
leakage
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« To automatically analyze incident/injury
reports to improve safety

« To respond to basic customer inquiries and
information requests through virtual assistants
or chatbots, with referral to a live agent when
necessary

Refer Appendix Il for a list of use case examples

« A utility operator used NLP technology to
automate the analysis of thousands of hazard
observation cards generated each month and
extract actionable insights to help improve
workplace health and safety

+ Sears Mexico launched a virtual assistant on
WhatsApp ("Sara") to offer customer service,
support, and sales
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Refer Appendix il for a list of use case examples
Source: Compiled by SPEEDA Edge based on various sources

Some NLP use cases for business
workflows

- Applying NLP-based solutions in document-
dependent processes (such as risk assessment,
claims management, customer acquisition, and
policy renewals) can reduce processing time
and increase the accuracy of analysis.

- Al tools with NLP capabilities can speed up
medical coding, increasing accuracy, saving
costs, and giving human coders more time to fix
mistakes. NLP tools can also be used for
clinical documentation and transcribing.

« NLP can automate the generation of critical
infrastructure documentation using simple and
clear language, analyze logs, and allow the
configuration of network management systems
by non-technical staff, allowing staff to fix
recurring issues faster, streamline information
flow, and focus on network optimization.

« NLP tools (such as chatbots) can be used for
communication between drivers and
dispatchers. They can also track and
understand interactions to identify behavior
patterns and anticipate drivers’ needs as well as
scan volumes of unstructured data to extract
information on dates, addresses, and billing.
Other tools include automotive digital
assistants.

+ NLP can be used to screen CVs, communicate
with candidates, and assess interviews. It can
also be used for onboarding, employee
sentiment analysis, and learning and
development, helping to streamline time-
consuming tasks and contributing to employee
engagement and retention.

Examples

+ RSA Insurance uses an NLP platform to
enhance pet insurance claims management
through intelligent document processing,
allowing faster extraction of relevant data and
improved customer service, while reducing time
spent on manual review.

- AstraZeneca used an NLP platform’s text
mining capabilities for biomedical knowledge
engineering and to directly support its scientific
decision-making at several points in its drug
discovery process, including target selection.

« During the Covid-19 pandemic, a Europe-based
telecom provider used a text-mining tool to
scrape reviews from several channels to identify
the reason for a significant decline in overall
customer satisfaction and a 50% increase in
customer support tickets, and was able to hone
in on the exact reasons for the same and
address them.

« DHLs “Supply Watch” (part of its Resilience360
supply chain risk management platform) uses
ML and NLP to monitor millions of posts across
hundreds of thousands of online and social
media sources, and analyzes data to detect
potential disruptions in clients' supply chains.

- National Safety Apparel used a conversational
Al solution that allowed candidates to find a job,
prescreen for a role, and self-schedule an
interview via text or the careers page chatbot.
This allowed interviews to be scheduled faster,
and candidates to be sent offers sooner. This
solution has saved the NSA weeks of time
annually and significantly reduced the cost to
interview and hire.
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