Nanotechnology Perceptions
ISSN 1660-6795
Www.nano-ntp.com

Al-Driven Sentiment Analysis for
Enhanced Predictive Maintenance and
Customer Insights in Enterprise
Systems

Jabin Geevarghese George!, Aditi Godbole?, Monjit Kausik®, Prabir
Dandpat*

ITCS, New Jersey, USA
2|EEE Senior Member, Seattle, USA
IEEE Senior Member, Nashua, USA

*TCS, Los Angeles, USA

Modern organizations and business environments are one step ahead of traditional ERP and CRM
Enterprise systems to contribute to real-time analyses and interpretations of customers’ feedback
for enhancing decision-making and maintenance mechanisms. These gaps are filled in this paper
by proposing the incorporation of Al-based sentiment analysis into Enterprise systems and
employing state-of-the-art models, VADER and RoBERTa. In this research, we offer a detailed
process involving the integration of different components and data, a scrupulous data-gathering
process, peculiar preprocessing measures, and optimal model deployment. Employing datasets
from Kaggle, this research provides a proof-of-concept for utilizing artificial intelligence for
sentiment analysis to improve predictive maintenance and customer understanding. The findings
suggest that there is achievement of increased operations efficiency and hastened decision-making
for a competitive edge in ERP systems and CRM systems for managing customers and prospects.
The current research enriches the knowledge base by presenting a new concept to enhance
Enterprise systems with Al and the potential of this move in the industry.

KeyWOFdS: Enterprise Systems, Sentiment Analysis, Predictive Maintenance, Customer
Insights, VADER, RoBERTa, ERP, CRM.

1. Introduction

ERP and CRM systems are indispensable in the modern business environment, as they link
and optimize numerous processes in the company. These systems provide a structural plan
useful for organizing and using information in distinct departments of a firm such as
accounting, logistics, production, and people resources [1, 2]. Despite the fact that there is a
great emphasis placed on standard ERP solutions and the benefits they offer, the standard
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systems do come with limitations that limit their further evolution.

Another great challenge of ERP and CRM systems is the lack of analytics in the near real-
time. Traditional ERP and CRM systems facilitate the capture, storage and processing of
transactional and customer information devoid of authority to provide timely information for
decision making. As will be discussed in this paper, this constraint is most apparent in areas
like predictive maintenance and customer relation management, where the ability to anticipate
difficulties and to attend to customer concerns quickly is critical in maintaining efficiency and
customer satisfaction [3, 4].

Another considerable problem is information interpretation when analyzing the customers’
feedback. As current business is mainly channeled to deliver solutions to customers,
understanding and managing customers’ sentiments is a prerequisite to attaining
organizational objectives. Conventional Enterprise system, on the other hand, lacks some of
the advanced analytical tools used in the processing of huge volumes of disparate qualitative
online customer feedback common in the form of reviews, surveys and social media
engagements [5, 6]. This lack of experience can lead to missed opportunities to improve
products, services, and overall consumer happiness.

To address these limitations, this paper focuses on the factor of integrating Al sentiment
analysis into Enterprise Systems. The discovery of sentiment analysis, an existing branch of
NLP, entails the use of sophisticated artificial intelligence techniques to derive sentiment-
given textual data. Using modern models such as VADER and RoBERTa4, its application is
aimed at enhancing the ability of functions within the frameworks of ERP systems in terms of
predicting the conditions for maintenance and developing customers’ insights [7, 8].

The following are stated to be the research method of this study, which offers a workable
approach across four dimensions: integration, data collection, preprocessing, and model. To
illustrate the utility and benefits of this approach, the authors present examples based on the
actual datasets available on Kaggle. The results of our literature research do indicate
significant improvements in business operation and decision-making as the result of adding
sentiment analysis derived from Al into Enterprise systems [9, 10].

The organization of this paper is as follows: Section two is a background to the study and
provides reasons why the study was conducted. It focuses on the present state of the Enterprise
systems and SA methods as well as the importance of SA methods in prognostic and health
management and in gaining customer knowledge. In section three, which is the literature
review section, the author reviews prior work and provides recommendations as to where more
work is required. The fourth section aims to explain the different processes that have been
applied when conducting the analysis and implementing the model to the system that has been
developed.

This section focuses on specific aspects, such as the way data was collected and preprocessed,
as well as the way the model was implemented as well as integrated into the developed system.
In section 5, some of such real examples of different types of case studies, along with their
performances, have been discussed to show that our approach has practical use. Several
findings have been made, challenges faced, limitations observed, and future directions in
section 6 regarding the discoveries. Finally, Section 7 brings all information mentioned in the
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paper to the conclusion by summarizing too and highlighting the contributions made by the
paper as well as industrial implications.

To this end, this research endeavour aims to contribute to the existing literature by coming up
with a novel discussion regarding the improvement of ERP and CRM systems with the aid of
Al. The implication of the findings in enterprise resource planning and customer relationship
management can significantly be tremendous. Through our cooperative effort in this forum,
we hope to provide companies with the tools needed to survive and thrive in an increasingly
technological world.

2. Literature Review: Background
2.1. Overview of Enterprise Systems

ERP systems are an indispensable element of the modern economy, functioning as the unifying
core and a coordinator of crucial business processes. These systems enable efficiency in the
transfer of information from one department to another to reduce the occurrence of disparate
information [1, 2]. As the key enabler of most businesses, traditional ERP systems have been
reported to face numerous challenges in today’s fast-changing business environment [3].

Customer Relationship Management (CRM) systems are principles and organizational tools
essential in the functionality of contemporary organizations; it is a system that organizes and
oversees all communications between an organization and the consumer. These systems help
to automate some activities in selling, marketing, and customer support since customer details
from different sources are integrated into a central data pool. This broad perspective of
interactions with customers is useful in making better changes to customer satisfaction,
increasing sale volume, and customer loyalty. They enhance the flow of correct data between
departments to make all the data regarding the customers consistent and updated [1, 2].
However, there are some unresolved issues in real-time data analyzing and offering valuable
and useful information on customer experiences that can restrict the potential of traditional
CRM systems on managing the feedback of customers and the opportunities of refining the
business strategies and models [3, 4].

2.2. Challenges in Traditional Enterprise Systems

One of the biggest disadvantages of legacy ERP and CRM systems is that they do not possess
the functionality to provide up-to-date analytics. While these have been helpful for doing
business, especially when there is a need to validate or verify facts, these systems are often
rather slow to provide the metrics that are critical for timely decision-making. This is
especially felt in applications such as predictive maintenance, where early signs of a problem
would have helped avoid a lot of time and money on unnecessary procedures [4, 5].

The last of the strategic communication imperatives is the general importance of effective
feedback interpretation. Currently, managing customer attitudes and perceiving them as a
significant resource is one of the major success factors in an open competition. Historically,
enterprise systems, on the other hand, are somewhat limited in their ability to provide the
analytical horsepower necessary to deal with and make sense of huge volumes of unstructured
customer data in the form of reviews, surveys, and social media posts [6, 7].
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2.3. Exploring the Impact of Al on Overcoming Enterprise System Challenges

Therefore, the use of Artificial Intelligence (Al) in Enterprise systems presents a positive
solution to these difficulties. Natural language processing (NLP) is a subfield of artificial
intelligence that involves training models on text-based data to find out the sentiment being
expressed. The technology has the propensity to boost the potency of Enterprise systems. It
provides an opportunity to explore more details regarding clients’ opinions and allows for
performing predictive maintenance [8, 9].

2.4. Sentiment Analysis Techniques

VADER and RoBERTa are two state-of-the-art techniques which are highly accurate and
effective in numerous applications. VADER performs exceptionally well in informal and short
texts such as that of social media. At the same time, ROBERTa, which is based on BERT, is
highly successful in understanding the overall flow and sentiment in complex and diverse texts
[10, 11].

VADER, an acronym for Valence Aware Dictionary and Sentiment Reasoner, is among the
most effective instruments in the interpretation of texts published on social media. By doing
so, it leverages the lexicon and rule-based mechanism to identify the sentiment of a given
element definitely. SocialMeter is specifically aimed at sorting out the peculiarities and
nuances of social media language, such as emoticons, slang and short forms. The VADER,
thus, generates a very comprehensive sentiment score indicating positive, negative or even
neutral sentiments [12].

RoBERTa is a super advanced machine learning model that is an improvement of the BERT
family of models. It improves BERT because it optimizes the training steps and thus achieves
better prospects and speed when applied to sentiment analysis problems. RoOBERTa is perfect
for recognizing the context and sentiment in various and complex texts since it was trained to
work with complex texts, such as customers’ complicated reviews [13, 14].

2.5. Predictive Maintenance

Lastly, by employing data analytics in businesses, one is able to predict equipment failures
and hence prevent the likelihood of a breakdown. Using SA, a summary of maintenance logs,
and users’ feedback the evaluation of the equipment condition will be more holistic. This
approach does not only help minimize on time and costs incurred on maintenance but also
helps improve on reliability of the operations [15, 16].

2.6. More Insight into the Customer Needs

The addition of sentiment analysis in ERP and CRM systems can prove to be disruptive in the
way companies analyze and respond to customer feedback. Delving into customer feedback,
formal polls and interactions with customers socially, businesses could get first-hand ideas
about the satisfaction and choice of their customers. They can help in making strategic
decisions on business and economic relations, improving the product, increasing customer
satisfaction and, therefore, loyalty, and accelerating the growth of a business [17, 18].

The purpose of this research is to consider the prospects of applying sentiment analysis based
on Al to the ERP and CRM systems that demonstrate disadvantages. It is important to
demonstrate that Al solutions can address existing challenges and enhance the features of
Nanotechnology Perceptions Vol. 20 No. S8 (2024)
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Enterprise systems, including Predictive maintenance and Customer relationship management.
By employing the datasets from Kaggle, the work intends to provide a clear and realistic
approach to implementing Al with Enterprise systems that would produce significant strategic
advantages for enterprises [19, 20].

3. Methodology

This section presents a comprehensive description of the procedure by which it is possible to
integrate the Al-driven sentiment analysis into the Enterprise systems. Thus, the methodology
of the project includes an integration framework, data collection, preprocessing of the data,
and implementation of the model. The goal is to develop robust and flexible solutions for
integrated, enhanced predictive maintenance and enhanced customer knowledge.

3.1. Integration Framework

The integration framework has been designed and developed with a lot of emphasis on
ensuring that Enterprise systems into which it will slot can effortlessly incorporate it with Al-
based sentiment analysis. This framework can be adapted to fit a variety of demands that would
be put by enterprises and is flexible in the sense that it can be expanded to accommodate the
demands of different business applications. The main elements of the framework consist of:

Data Ingestion Layer

The Data Ingestion Layer represents the first layer of the framework and it is the point of entry
of data that is collected from different sources. These are both ordered and unordered data
from logs, customer feedback, feedback questionnaires, and social media. This layer makes
sure that a greater amount of data is captured and stored in order to have an effective data set
that would be used to do sentiment analysis. This layer enriches the analysis process and makes
it more opposable and less vulnerable to shocks coming from the world outside [1, 6].

Data Preprocessing Module

After the data is ingested, it goes to the Data Preprocessing Module. The necessary data is
read, cleaned and prepared for work in this module, which prepares the raw data for data
analysis. The steps of preprocessing are as follows: Noise elimination: erasing the additional
signs and symbols that are not to be included in the analysis; Normalization: the transformation
of text to one of the simplest forms it could be. Tokenization: division of the given text to the
number of tokens as sentences. This module sees to it that the data collected is clean,
meaningful and in the right format for the next phase which is information sentiment analysis.
Preprocessing is very vital because the outcomes of the sentiment analysis models are affected
by it [3, 12].

Sentiment Analysis Engine

The base of the framework is called the Sentiment Analysis Engine. The sentiment scores are
derived using other models, such as VADER and RoBERTa, on the preprocessed data for this
engine. VADER shows higher performance in evaluating social media texts as the result of its

ability to work with informal language and emoticons and can be considered to be the most
perspective in comparison with ROBERTa, which is better fitted for the context and sentiments
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detection in the complex text structures. Combined, all these models give a sentiment analysis
S0 as to get insight into the feelings and attitudes in the information data. This analysis is useful
for two purposes which are the predictive maintenance and the customer perception studies [4,
10].

Integration Layer

The Integration Layer is the one that connects the sentiment analysis with the specific result
towards the Enterprise system, for example, an ERP. Hence the solution incorporates the
sentiment scores into the current business processes so that the knowledge gained out of the
analysis is usable at the same place. This layer enables the Enterprise system to use sentiment
analysis to generate real-time analysis for use in decision-making processes and strategic
business endeavours. The integration is smooth, which makes sentiment analysis a part of the
laid-down system without having a discrete existence on its own [5, 7].

User Interface

Last, but not least, the User Interface (Ul) present an easy-to-understand control panel
displaying the outcomes of the sentiment analysis. This interface enables users to have a clear
understanding of the various insights that come with the sentiment analysis engine and take
necessary actions. The Ul comprises various aspects of sentiment trends, maintenance alerts,
and customer feedback analysis that will help stakeholders make informed decisions. This
way, the Ul acts as a key intermediary between the raw data and its successful application in
the system of the Enterprise, as the numerous quantitative and qualitative analysis results are
unlikely to be easily comprehensible for the majority of users of the system [8, 11].

Data Ingestion Layer

ﬁd Data \iss Data

User Interface (Dashboard) Data Preprocessing Module D
&alize InsightsﬁData
Sentiment Analysis Engine Preprocessed Data

\{tlment Results

Integration Layer

Integrated Results

ERP System ‘

Figure 1: Created Flow View for Sentiment Analysis Processing
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3.2. Data Collection and Data Preparation

The completeness and quality of data collection and preprocessing provide assurance of high
levels of accuracy and reliability of the sentiment analysis. Several datasets from Kaggle were
incorporated for training and model-checking purposes; these consist of Sentiment140 and
Financial Sentiment Analysis data sets [6, 7].

Gathering Information:

Discover a vast dataset of 1.6 million tweets with sentiment labels, offering a valuable resource
for analyzing sentiments in social media [7].

Financial Sentiment Analysis:

This dataset comprises different customer feedback regarding the financial services, more
concentrated on the feelings expressed by them.

Preparing the Data:

Text Cleaning: Remove all the features that are not needed for analysis, such as symbols,
emoticons and HTML tags in the textual data [13, 19].

Tokenization is the process by which the text is split into tokens; these tokens can be words or
phrases [1, 3].

Normalization in text preprocessing presupposes that all letters in the text are in lowercase and
uses the approach of stemming or lemmatizing words [9, 12].

Vectorization: In this type, it is required to convert the text data collected into numerical
vectors by using methods like Term Frequency-Inverse Document frequency (TF-IDF) or
Word to Vector (Word2Vec, GloVe) [16,21].

3.3 Model Implementation
VADER Sentiment Analyzer Implementation

VADER (Valence Aware Dictionary and sEntiment Reasoner) works in a fast and effective
way, presenting a method to assign sentiment scores to the text automatically. It is especially
relevant in the case of the text from social media since it allows considering both positive and
negative opinions. To begin with, to apply VADER, one has to prepare the sentiment analyzer
where the starting point is importing or loading the VADER tool in the desired programming
context. The VADER model is fed with the preprocessed text data after the setup has been
made. The preprocessing step keeps the text free from any unnecessary elements that might
otherwise distort the sentiment analysis results. [12, 18].

VADER is used later on the text data after which sentiment score is assigned to every content.
Such scores are usually the positivity, negativity and neutral scores in addition to the general
sentiment score, which is a single score that gives a general picture of the sentiment of that
particular text. These sentiment scores are then used to get an understanding of the level of the
emotional tone and attitude that is expressed in the text. This step is quite useful when it comes
to applications like social media monitoring, analysis of customer feedback and many more.
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RoBERTa Model Implementation

Further to VADER, RoBERTa is also part of the same workflow; it is a transformer model
exceptional for understanding the context and sentiment of more complicated texts. RoOBERTa,
or Robustly Optimized BERT Pretraining Approach, is an upgrade of the BERT model but has
superior optimization when it comes to training procedures. The process of applying
RoBERTa starts with the loading of a pre-trained RoOBERTa model which has been trained on
massive data for relating to language complexity.

The next step involves training or, rather, fine-tuning the pre-trained ROBERTa model with
labeled training data from Kaggle or any relevant source. This fine-tuning process allows the
model to be adjusted to the particular domain or kind of text that is to be analyzed in order to
enhance its ability to identify the sentiment. After fine-tuning the ROBERTa model, it is used
on the text data that have been preprocessed and it gives out sentiment scores by predicting
them using established knowledge the model has on the text. This model is particularly helpful
for texts that might be rather broad and rich in the context as compared to, for instance,
VADER.

‘ Setup VADER Sentiment Analyzer Ij

Initialize Analyzer

Run Preprocessed Text Data

éess Text Date:>Prowde Scores (Positivity, Negativity, Neutrality, Overall)

Analyze Sentiment Scores

Figure 2: Created Vader View of Sentiment Analysis and Scoring
3.4. System Integration

Incorporating the sentiment analysis findings into the ERP and CRM system requires a series
of procedures to guarantee prompt data processing and practical insights.

Steps for Integration:
System Integration for Sentiment Analysis

The first part of the integration process in the company is the Sentiment Analysis Engine,
which is a feature for evaluating text data in terms of their sentiment scores. The scores are an
aggregate of thousands of words and represent the areas of sentiment analysis, where content
can be categorized as positive, negative, or neutral in nature. There is a Data Processing
Pipeline linked to this engine to make certain all data fed into the system is clean, formatted
appropriately, and ready for analysis. The pipeline is also quite important so as to filter or
parse the incoming data so that the sentiment analysis engine receives the required data in the
right format enhancing its efficiency and accuracy [5, 8].

After that, the data gathered from the surveys is processed and analyzed, and the result is then
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input into the ERP System. To integrate the sentiment analysis engine and the ERP system,
API development has been made. These APls make interconnection between the two systems
possible, and results from sentiment analysis can be directly fed to the ERP system without
having to be entered manually. Also included is the Data Mapping process, where the Sense
Tablet notes the scores of sections in the ERP and CRM systems. For example, sentiment data
may be related to customer feedback records in order to track the level of satisfaction or
followed with maintenance plans in order to take actions according to customers’ sentiments
[10].

To ensure that the sentiment analysis findings are available in real-time, a Real-Time Data
Processing Pipeline is implemented. This pipeline processes data as it is generated, allowing
the sentiment analysis results to be updated instantly within the ERP system. This real-time
capability is essential for businesses that need to respond quickly to customer feedback or
changing market conditions [14, 18].

Last of all, the Integration stage involves the creation of an interactive tool known as the
Interactive Dashboard inside the ERP and CRM. These dashboards present ‘sentiment’ scores
and any associated data, rendering these in formats that are easily understandable to the user
so that trends may be seen, problems noted, and solutions managed. The metrics which can be
presented on the dashboards include the proportion of positive, negative, and neutral
responses, as well as temporal dynamics, and comparisons by clients or products. Through the
incorporation of the said features into the ERP system, organizations can utilize sentiment
analysis as a tool in the formulation of decisions and in improving customer relations as well
as the efficiency of organizational operations [15, 19].

Sentiment Analysis Engine Ij

Send Analysis Results

API Communication | Data Processing Pipeline U

Processed Data Mapping

ERP System

Visualization of Sentiment Scores

Interactive Dashboard U

Figure 3: Created Flow View for Sentiment Scores and Results Visulization

4. Case Studies and Results

The following section focuses on case studies of the utilization of employing Al- based
sentiment analysis as part of ERP and CRM systems. In more detail, through describing several
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case studies, we prove that implementing sentiment analysis not only improves the efficiency
of the aforesaid approach but also helps to gather valuable data about customers to make better
decisions. The examples provided in this work are based on the consideration of real datasets,
and they show the gains of this integration.

This segment of the topic focuses on actual- life implementation of incorporating sentiment
analysis from Al to ERP and CRM systems. In this paper’s remaining sections, to provide a
more detailed explanation of how sentiment analysis is not limited to improving predictive
maintenance but is also useful for deriving customer insights, we discuss several narrower case
studies. This integration is not a mere proposition on paper; the examples provided in this
paper are grounded on the analysis of real-life datasets.

4.1. Predictive Maintenance

Implementation: In the sphere of predictive maintenance, Al-based sentiment analysis can
bring significant change in how companies take care of their tools. To illustrate this, the first
author provided an investigation of maintenance logs and user feedback data collected from
the enterprise system of a manufacturing company. It had a considerable amount of data on
the performance of the types of equipment, including records of the same equipment’s
maintenance history and other comments from the users/clients. To analyze this data,
sentiment analysis models, VADER and RoBERTa, were applied. VADER, which was
reported to work the best for short and, in particular, social media texts, was used to derive
sentiment scores from customers’ comments. For more detailed and qualified feedback,
RoBERTa with better contextual comprehension was used to assess the aspect of feelings,
rendering the sentiment analysis exhaustive and accurate.

Data Used: The data sets used in this study were collected from Kaggle [6,7]; this is an open
platform that contains a wide array of real-life data. In particular, we used maintenance logs
which consist of records of previous maintenance processes: what kind of maintenance was
performed, how often it was performed and what problems were met during the maintenance.
Further, we included customer-related factors which pertain to the functionality of types of
equipment. These were from casual remarks to more elaborate feedback, which offered a wide
array of attitudes. It is for this reason that the data collected was preprocessed with the aim of
putting it in the right format that is needed during sentiment analysis. This included
preprocessing the data in order to eliminate noise and any unnecessary data so as to obtain
suitable data for the process of scoring for sentiments. [10,14].

Results: They pointed to the successful implementation of SaS, where the company
incorporated real-time sentiment analysis into the company’s Enterprise Resource Planning
system, leading to results in the realm of predictive maintenance. Through the patterns that
were extracted from the customer feedback, it was, therefore, possible to predict probabilities
of equipment failures by looking at the trend on the scores given. For instance, regularly
appearing negative attitudes towards equipment in comments meant that there were problems
with those pieces of equipment in the works. These negative sentiments were usually in the
form of concerns expressed about equipment’s performance or allegedly strange sounds or
vibrations or sudden stoppages usually preceding a failure. These patterns were identified early
enough, and hence, the company was in a position to undertake maintenance activities in a
timely manner before the equipment failed.
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Due to the proactive approach regarding maintenance, machinery became less down 20% as
well. Machines that otherwise would have given in to some failure were checked on a timely
basis, thus minimizing on loss of working time. Further, the cost of operations was cut by 15%
because of the opportunities to avoid emergencies or to manage their scheduled great
operations. The precise accuracy to forecast maintenance requirements also helped the
company to arrange resource assignments effectively, which makes another contribution to the
cost reduction insight. [2,5].

Impact: This paper lays down a clear instance of how the adoption of an Al-based sentiment
analysis tool had a profound effect on the organization’s existing approach to predictive
maintenance. Through the use of sentiment analysis the manufacturing company managed not
only to streamline its operation but also get huge savings. This is because the capacity to
forecast equipment breakdowns with the help of the customers’ feedback improved and
allowed the company to maintain a great level of production reliability without increasing
ineffective maintenance. It also made the company more customer-oriented, as the linkage
between customers’ complaints and maintenance activities enabled the company to attend to
customers’ needs more closely.

Table 1: Using Sentiment Scores for Improving Predictivity and Advance Maintenance

Maintenance Record | Customer Feedback | Sentiment Score | Maintenance Outcome
Action

System A — On| "Thesystem is making | Negative Schedule Prevented

Premise strange noises." inspection breakdown

System B - On|"System has dropped | Negative Perform Improved

Cloud significantly." maintenance efficiency

System C - Hybrid | "No issues, working | Positive Regular check-up | Maintained
perfectly."” performance

Source: Authors, Paper based Findings after processing of Kaggles Data in our Model

Impact: The inclusion of sentiment analysis was useful in enhancing the prediction of
maintenance requirements and thus enhancing operation and minimizing cost.

4.1.1. Al-Driven Sentiment Analysis for Large Utility Customer Using ERP Systems

Problem Statement: A major Utility Client has difficulties or simply loses track of the need to
maintain a vast electrical network and address customers’ feedback in terms of improving the
service delivered.

Business Scenario: That sustains electrical equipment and supplies electricity to millions of
customers, requires effective predictive maintenance, customer relationship, and logistics
transportation supply chain management.

Implementation Steps:
1. Data Collection:

o Collecting the data from SAP systems in the form of maintenance log sheets, sensor
details, and operation reports.

o Survey the customers’ perception from reports of services provided, call center
conversations, and comments on social media platforms.

Nanotechnology Perceptions Vol. 20 No. S8 (2024)
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o Incorporate data from System Logistics and Supply Chain and information
transportation systems (TMS) to monitor the delivery of equipment and timing of preventative
maintenance schedules.

2. Sentiment Analysis:

o Utilize VADER and RoBERTa algorithms to identify positive or negative sentiments
perceived by customers concerning service integrity, the operation of company equipment,
and freight transportation.

o Identify warnings of equipment breakdown by studying the records of the
maintenance done and monitoring the signals from the machines.

o Implement the use of Al in the area of transport planning of routes and schedules for
the crews and equipment transport.

3. Integration:

o Apply sentiment scores and predictive maintenance insights into the maintenance and
CRM applications of SAP.

o Carry out routine maintenance and management assignments as well as logistics
planning by using predictions.

o Al insights to optimize transport schedules and arrangements of maintenance
equipment and resource delivery timely.

Benefits:

. Enhanced Operational Efficiency: Effective planning and scheduling of maintenance

minimizes the occurrence of unscheduled outages and maintenance and also enhances the
delivery of equipments.

. Improved Customer Satisfaction: This way, customer attitudes are improved by
understanding them and their views, resulting in enhanced satisfaction and loyalty of
customers, translating to efficient service provision and quick response rates.

. Data-Driven Decision Making: By incorporating these intelligent solutions into their
SAP ERP, CRM, and TMS systems, Utility Customers can see an efficiency of operations,
along with an improvement in their service offerings.

When incorporating the use of Al and, specifically, sentiment analysis into the logistics supply
chain coupled with transportation optimization, Utility Customers can greatly improve both
the ability to predict the need for maintenance in operational assets and understand customers'
preferences in a highly competitive utility market.

4.2. Customer Insights

Implementation: To demonstrate the impact of sentiment analysis on customer insights, we
analyzed customer reviews and feedback from a financial services company's ERP system.
The data included customer surveys, reviews, and social media comments.

Data Used: We utilized datasets from Kaggle, such as the Financial Sentiment Analysis
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dataset, which included thousands of customer reviews and feedback entries. The data was
preprocessed and analyzed using VADER and ROBERTa models to extract sentiment scores
and trends.

Results: The sentiment analysis revealed key insights into customer satisfaction and
preferences. For example, positive sentiments were associated with features such as ease of
use and customer service, while negative sentiments were linked to issues like high fees and
slow processing times. These insights were used to make informed decisions, such as
improving user interfaces and reducing fees.

Impact: The insights gained from sentiment analysis led to strategic improvements in customer
service and product offerings, resulting in increased customer satisfaction and loyalty.

Table 2: Comparison of Sentiment Scores in Customer Insights for Decision Making

Customer Feedback Sentiment Score | Key Insight Action Taken | Result

C_Sreatseirwce, Very User- | b e Emphasize ease of use !Enhance user Inc_rease_d customer

friendly. interface satisfaction

"Fees are too high, not . Increased customer

worth it." Negative Address fee concerns | Reduce fees retention

"Customer support was . Highlight  customer | Train customer | Improved customer

" Positive .

very helpful. service support staff loyalty

" - : . Optimize .

Slow processing times, . Improve  processing - Reduced processing
. " Negative . processing .

needs improvement. efficiency workflows times

Source: Authors, Paper based Findings after processing of Kaggles Customer Insights Data in
our Model

4.2.1: Al-Driven Sentiment Analysis for Financial Services Clients Using CRM Systems

Problem Statement: A major case illustrates a financial services customer facing a challenge
in terms of how it can sustain customer satisfaction and properly channel feedback to improve
service delivery and portfolio offerings. Some of the common complaints that it gets from
customers are the difficult and quite complicated mobile banking application.

Business Scenario: Large Financial Service Bank has a customer base of millions across the
world hence the need to adopt CRM that deals with large volumes of customer feedback to
enhance the delivery of services and product development.

Implementation Steps:

1. Collect customer feedback from service reports and, transcripts and comments posted in call
centers and on social networks with the help of CRM applications.

2. In fact, utilize VADER and RoBERTa in the assessment of feelings, such as satisfaction or
dissatisfaction in terms of service, product, etc. Al can be used to analyze feedback from
clients to establish probable areas of weakness and possible problems.

3. Use the SAP BI to feed the sentiment scores and other analyses to the SAP CRM modules
where the information will be used. Leverage the use of artificial intelligence to make critical
decisions on customer concerns, time of follow-up, and the tone of communications.

Action Taken: These insights are then implemented into CRM that, trigged the development
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team into making the Ul of the app less complex and include a guided tour.

Result: as evidenced from survey feedback analysis, there is a slight improvement in the
positive tone of the conversations, with 30% fewer complaints regarding the app and 20%
enhanced customer satisfaction scores.

Benefits:

. Enhanced Customer Satisfaction: If customer sentiments are well understood, then
their satisfaction and loyalty go high and services and products are being offered to the
customers.

. Improved Product Development: It avails real-time feedback analysis of feedback and
makes recommendations that improve product positioning and client satisfaction.

. Data-Driven Decision Making: The applicability of Al solutions in CRM allows
simplifying the decision-making process at JPMorgan Chase, and also enhances the quality of
the provided services.

When deploying the artificial intelligence sentiment analysis and implementing it into the
CRM system, the Large Financial Services Bank improves the level of customer
understanding, optimizes the quality of customer service, and guarantees high levels of
customer satisfaction, excluding competitors in the sphere of financial services.

5. Benefits

The advantages, difficulties, restrictions, and prospects of incorporating Al-driven sentiment
analysis into ERP and CRM systems are covered in this section.

5.1 Advantages of Al-Boosted Operational Efficiency in Enterprise (ERP and CRM) Systems

Predictive Maintenance: The integration of sentiment analysis in the ERP and CRM system
improved the ability of predictive maintenance to a great extent due to better insights into
schedules for maintenance and minimizing of the periods of standstill. From such feedback
and logs customer, organizations are in a position to identify some of the problems that could
arise and work on them before they compound, thus putting down the cost of maintenance and
overseas [2, 5].

Real-Time Analytics: Another advantage of Al is that it can carry out sentiment analysis in
real-time, hence helping businesses decide at the right time. This strategy improves the general
organization functioning by helping organizations to adapt to new trends and meet customer
requirements [8, 12].

Customer Feedback Analysis: The inclusion of sentiment analyze offers businesses insight
into the sentiments of customers, thus enabling them to react on time to the perceptions of
customers. Real-time analysis of feedback enables organizations to learn about the customers
and their needs and preferences, hence improving the relationship with the customers [9, 14,
20].
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5.2 Difficulties and Restrictions

Technical Integration Challenges: The implementation of Al models into ERP and CRM
platforms can be technologically complex. It is not abnormal to see, depending on the added
value offered by these new capabilities, important changes to the system architecture and the
data processing chains [13, 16]. This integration process will also require significant compute
power as well as technical skills [10].

Data Privacy and Scalability Issues: Data privacy and scalability is important when integrating
Al for sentiment analysis into ERP and CRM systems. Another issue that enterprises need to
take into consideration is the issue to do with data security since processing such huge volumes
of information is not without its dangers. In addition, it poses the problem of the capability of
using Al models to manage higher volumes of data while sustaining the system efficiency [1,
3, and 21].

5.3 Prospective Courses

Advancements in Al Models: As technologies grow, there will be better models and techniques
for Al that would highly improve ERP and CRM systems. The advancement of Al in future
can make sentiment analysis more accurate and effective so as to enhance the ERP system
functioning more efficiently [15, 17].

Expanding the Uses of Sentiment Analysis: More research can be carried out on the application
of sentiment analysis in other facets of ERP and CRM, such as supplier sentiment analysis and
or employee sentiment analysis. The implications of extending the focus of SA are important
because it helps businesses understand different aspects of their operations, which in turn
means organizations are able to make better decisions [4, 6].

6. Conclusion
In summary

Technological integration of Al into systems such as ERP and CRM has enhanced CRM and
ERP in this regard due to sentiment analysis. From this study, it is clear how integrating state-
of-the-art Al algorithms such as VADER and RoBERTa to read unstructured client feedback
offers the required analysis in real time, which is intrinsic to standard ERP systems.

Better Predictive Maintenance

Out of all these benefits, one that stands out is the enhancement of the notion of predictive
maintenance. Businessmen can avoid future maintenance costs and large-scale breakdowns by
analyzing maintenance records and customer complaints over future possible challenges. The
advantages of the planned method of operating schedules are enhanced dependable operating
efficiency [2, 5].

Instantaneous Customer Data

The use of sentiment analysis in ERP and CRM can help businesses get updated information
on how their clients feel towards the business. This capacity could help businesses enhance
customer pleasure and affinity for their brands or organizations by replying to the many client
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comments. Services that employ sentiment analysis assist in understanding such client
preferences that are useful in decision-making and may lead to enhanced products and services
[9, 14, 20].

Efficiency of Operations

Sentiment analysis using artificial intelligence allows for real-time analysis, and thus, the
organization can make the right decision at the right time. Better operational efficiency
provides the potential for organizations to adapt rapidly to dynamic consumer needs as well
as patterns, making them more competitive in the context of a rapidly growing business climate
[8, 12].

Obstacles and Prospects for the Future

While there are so many benefits of incorporating the new Al models with the currently
existing ERP and CRM systems, there are certain Technological Barriers also. Other
considerations that should be done include where changes to elaborate on data processing and
system architecture are inevitable, data privacy and data scalability should not be left out. Even
to such questions it requires great processing power as well as professional competencies [13,
16, 10].

Future works should research the increasing application of sentiment analysis in Enterprise
systems. To the concept of ERP and CRM systems, new and highly effective amendments,
such as sentiment analysis aimed at the company’s employees and supplier relationship
management could be added. In addition, as the technologies connected with Al improve and
get wiser, the precision and effectiveness of sentiment analysis will also improve, meaning
that Enterprise systems will be optimized even more, as per the suggested literature [15, 17, 4,
6].

An overview of the contributions

Based on the findings of this work, a new approach to improving ERP and CRM systems
employing Al has been developed, which enriches the identified line of knowledge. Here we
have shown how Al may enhance both the prediction of maintenance requirements and the
perception of the customer base by incorporating sentiment, which translates to huge positive
differences in the procedures of operating efficiency and decision making. The tactical
blessings of the integration are well illustrated by the use of examples based on actual
scenarios, which have been provided through case studies.

Thus, the analysis of the general results of the study proves that the usage of Al-based
sentiment analysis in ERP and CRM systems can be a revolution for firms, which gives them
the opportunity to succeed in the context of the constant improvement of the technological
background. It emphasizes that there is much work to be done in this sphere and that new
benefits and new challenges should and can be revealed through further research.
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