International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
IJISAE ENGINEERING

ISSN:2147-6799 www.ijisae.org Original Research Paper

Optimizing Customer Insights with Machine Learning
Algorithms: An Al-Based Approach to CRM Systems

Chitrapradha Ganesan

Submitted: 05/11/2022 Revised: 15/12/2022  Accepted: 27/12/2022

Abstract: Machine learning (ML) algorithms can take customer insights to next level, and is an innovative way to implement
Al in Customer Relationship Management (CRM) system like Salesforce CRM, Oracle Siebel. By using advanced machine
learning methods, companies can find useful trends in large amounts of data, like how customers connect with them, what they
buy, and their feedback. This data is used to create more appropriate customer segmentation, personalized marketing,
predictive analytics for sales and retention, and more. From sentiment analysis, churn prediction, up to performance
forecasting, the ML models can be utilized to enhance the CRM features. As a result, customer engagement, loyalty and
revenue increase. Additionally, merging Al and CRM enhances operational efficiency — it automates redundant tasks, reduces
manual intervention, and provides real-time analytics to facilitate decision-making. As organizations continue to become more
obsessed with enhancing customer experience, we expect an infusion of Al into CRM platforms to be a key driver of data-
driven and experience-rich endeavors that provide sustainable competitiveness.
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1. INTRODUCTION segmentation organizations are able to tailor
experiences to the needs of their customers
according to their behavior, preferences, and
purchase history (2). Furthermore, machine learning
models are also used to predict customer churn,
enabling targeted retention efforts for customers
who may cancel their service (3).

Must read: With everchanging corporate landscape,
customer insight is one of the prominent motivations
for organizations to equip themselves with tools &
technology to sustain competitive advantage. In
other words, traditional CRM  (Customer
Relationship Management) systems such as CRM

Systems, Oracle Siebel etc., are not able to store the These capabilities are also growing in importance,
zettabyte data (1,000,000,000,000,000,000,000 as consumers expect businesses to provide with
bytes) created due to interactions with the increasingly personalized services and more instant
customers,  transactions  histories,  customer responses.

feedbacks, etc. The technique requires applying ML
algorithms to CRM systems for implementing a
revolutionary solution that enhances both customer
interactions and organizational success. ML
algorithms shed light on hidden findings in huge
databases by decoding trends, enabling businesses to
anticipate customer actions and automate decision-
making processes resulting in a scope that goes
beyond traditional CRM systems and processes (1).

Machine learning helps businesses get better in all
dimensions. CRM platforms can also use real-time
data analysis to make automatic
product/content/service recommendations  to
customers, which strengthens cross-selling and up-
selling opportunities (4). Moreover, they can also
be used to predict sales trends, improve decision-
making, and allocate resources (5). This is just the
beginning; as organizations continue to adopt Al-

The fusion of machine learning and CRM systems based strategies, the intersection of ML and CRM
enable companies to move from descriptive to systems will be key for achieving customer loyalty,
predictive and prescriptive analytics. Using operational efficiency, and sustainable profitability.
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Figurel: Use Cases of Al and Machine Learning in CRM

Explanation

The visual presentation shows fundamental
applications of Al for ML within a CRM system.
The utilization of Al includes two main applications
which consist of predictive lead scoring for
converting lead identification and chatbots for
continuous customer assistance. Machine learning
enables marketing through customer segmentation
by allowing organizations to develop specific
marketing approaches that focus on customer
responses and identity profiles. NLP is responsible
for sentiment analysis that helps businesses
comprehend how their customers perceive their
products, whether from customer feedback and any
recent update on social media, and then there is
Marketing automation that also aids in managing
marketing  campaigns and  recommending
personalized content. The ability to use voice
commands to use various customer relationship
management platforms provides a high level of
accessibility.  Also, through  Al-driven  sales
forecasting, it predicts future trends, optimizing
resource planning. Learn the Al features of CRM
together with world earth automation features in
google blog.

2. LITERATURE REVIEW

Artificial Intelligence combined with Machine
Learning technology used in CRM systems
represents today's most discussed disruptive
business revolution because it allows organizations
to restructure their customer contact approaches
while maximizing sales performance and optimizing
workflow operations. Al and ML do have a place in

CRM where they are most commonly known to
automate processes and improve customer insights
and decision making within CRM tools.

AI/ML Role in CRM System - Predictive Analytics
Machine learning algorithms, especially for lead
scoring, study historical information to determine
the chance that a lead will result in a sale. Sales
teams who rely on this information can dedicate
their entire focus to leads for maximizing conversion
rates along with better operational effectiveness 6.
Machine learning allows businesses to divide their
customers into distinct groups through their
spending behavior and choice preferences and
demographic characteristics. The segmentation
process enables companies to send personalized
marketing approaches to distinct client groups
which leads to higher customer satisfaction and
loyalty [8].

In addition, sentiment analysis is another essential
use of Al in the CRM system. NLP techniques
enable companies to analyzing and synthesize
information & insights from customer feedbacks
such as surveys, social media, and customer
reviews. Companies analyze the sentiment of
customer communication to fine-tune their
strategies while understanding customer pain points,
improving their offerings an+ d build better
relationships [9].

Furthermore, Al-powered sentiment analysis
enables businesses to identify potential issues early
and engage with customers proactively before
problems escalate [10].
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Al-powered chatbots and virtual assistants have
transformed customer service in CRM systems. If a
customer calls with an issue, these tools can
automatically respond to common queries, address
simple problems, and provide 24/7 customer
support, allowing businesses to better address their
customers' needs and requirements. Al lowers the
response time, human resource costs, and improves
customer satisfaction too, by automating customer
service interactions [11]. Chatbots can be
specifically tailored to provide customers with
personalized responses based on past interactions
and customer data, med which can enhance the
customer experience [12].

Al has also been used successfully in CRM to make
sales predictions. It can look at past sales data and
guess what the sales trends will be in the future,
which helps businesses improve their sales strategy.
When businesses accurately predict sales, they can
better plan their resources, make sure they have
enough supplies, and make sure their marketing fits
with what they think customers will want. In short:
Al in the supply chain is a way for companies to
move forward. Al can learn from past data trends
and apply that knowledge to meet the needs of the
business in the future. This is how predictive sales
predictions work.

One of Al's most strong market tools involves
process automation which companies use effectively
to enhance marketing operations while developing
better business-customer relations. Analysis of
customer behavior by Al algorithms based on their
company interactions enables businesses to deliver
customized services and products exactly when
these specific group needs them. The process of
personalization at this level increases the relevance
of marketing messages thereby improving the rate of
customer conversion [15]. The optimization
capabilities of Al allow businesses to use it for
maximizing email campaigns together with social
media marketing and advertising placements for
targeting specific audiences with accurate content
[16].

While this capability is exciting, using Al and ML
within a CRM is not without challenges. The
success of Al-driven CRM solutions continues to
depend heavily on data quality. These feeds should
be of the highest quality as poor quality data will
yield inaccurate predictions which will affect the
efficiency of the Al applications. The success of the
implemented Als depends on maintaining relevant,

high quality, and consistent data across their CRM
systems [17]. Ensuring sensitive customer data
compliance with privacy laws and regulations is also
of utmost importance through data governance
[18].

What’s more, deploying CRM system with Al
capabilities requires a high degree of technical
expertise and resources. Expense: The high cost of
implementation and a dearth of qualified candidates
may limit the ability of small and medium-sized
businesses (SMBs) to implement Al solutions.
Consequently, in the CRM domain, Al is
implemented more highly in large industry
enterprises that have the necessary infrastructure
and experience [19]. Some of the challenges related
to the application of Al include data privacy-related
issues, algorithmic biases, and non-transparent
processes [19]. Despite these hurdles, the
advantages of Al in CRM systems are compelling,
such as greater productivity, better customer
insights, and improved customer engagement,
making it a promising choice for companies across
sectors [20].

3. METHODOLOGY

This segment describes the method employed to
incorporate Al and ML techniques into a CRM
system. The goal of this methodology is, therefore,
to report how Al and ML can be integrated into
CRM to improve customer interactions, better sales
forecasting and optimize marketing strategies. It
contains: Data collection — Data preprocessing —
Model training — Model evaluation — Modeling
Deployment — Integration to CRM systems like
Salesforce CRM, Oracle Siebel. It also describes key
machine learning algorithms and/or equations used
to model customer behavior and segment a
customer base.

A. Data Collection and Preprocessing

Methodology The initial step is acquisition and
preprocessing of customer data. That data includes
customer demographic profile, purchase history,
customer interactions(emails, chats, calls) along
with feedback. This data is collected from different
CRM platforms and external sources (social media,
customer reviews, etc.).

Typically preprocessing steps include:

* Missing, Incomplete & Erroneous Data Removal:
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* Normalization: Bringing the values of data into a
common scale. For example, for feature xxXx,
normalization is done such that:

T —p
o

Lnorm =

o where p is the mean and o is the standard
deviation of the feature x.

I will extract essential data features from source
information so the model achieves better
performance during execution. The process requires
both generation of new variables and transformation
of existing variables to support analysis results.

B. Customer Segmentation using K-Means
Clustering

The K-Means clustering method represents the most
widely applied technique within CRM segmentation
because it groups customers through similarity
measurement. The K-Means learning model
functions as an unsupervised technique which
creates K groups of customers while minimizing
their internal diversity.

The K-Means algorithm can be mathematically
represented as:

1. Assign K initial centroids randomly from
the data points.

2. The distance D of each customer point xi to
each centroid pk is calculated for assigning it to its
nearest cluster.

D(x;, pr) = || — Mng
2

where xi is the customer data point, and pk
is the centroid of cluster k.

3. After all customers are assigned to clusters, the
centroid for each cluster is recalculated as:

1 f\'r;\\
He = E Z Z;
i=1 (3)

A general form of the ARIMA model appears as:

where Ny is the number of data points in cluster k,
and xi are the customer data points in that cluster.

3. Repeat steps 2 and 3 until convergence
(i.e., the centroids no longer change).

C. Predictive Lead Scoring using Logistic
Regression

Predictive lead scoring utilizes machine learning
models to provide an estimation of how likely a
customer is to converting into a sale using historical
data. So logistic regression is one of the simplest
and best models for this job. We aim to predict a
binary outcome y (whether the customer will
convert or not) based on the features x1,x2,...,xn.

Let us define the logistic regression model as:

1

P(y - l‘m) - 1 + e~ (BotPrzi+Bazat: - +Buzn)
4

where:
) P(y=1Ix) is the probability of conversion
(lead becoming a sale),
° B0,B1,....pn are the model coefficients
(weights),
. x1,x2,....x n are the input features (e.g.,

customer behavior, purchase history, etc.),
° e is the base of the natural logarithm.

Maximizing the likelihood of observing given data
using maximum likelihood estimation enables the
calculation of estimated coefficients 30, f1,...,pn .

D. Sales Forecasting using ARIMA

Time-based sales prediction relies on historical sales
information. The time series forecasting method
relies on the Auto Regressive Integrated Moving
Average (ARIMA) model for its implementation.
The ARIMA model unites three major elements
including Autoregressive (AR) and Moving
Average (MA) and Integrated (I).

Yi=ct+ Yo 1+ @Y o4+ Y b1+ 026 0+ + 06 g+ &

®)
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where:

° Yt is the sales value at time t,
. c is a constant,
o o0l,...,0p are the autoregressive

coefficients,

. 01,....0q are the moving average
coefficients,

. ct is the error term at time t.

Least squares or maximum likelihood estimation
techniques determine the parameter values ¢1,...,0p
and 01,...,0q.

E. Sentiment Analysis using Natural Language
Processing (NLP)

The analysis of sentiment enables companies to
measure consumer attitudes about their products
through customer evaluations of services together
with feedback and social media posts. The text data
can be represented using Bag-of-Words combined
with TF-IDF (Term Frequency-Inverse Document
Frequency) methodology as a basic method for
sentiment analysis.

The Term Frequency-Inverse Document Frequency
value for a specific term t within a document d
computes as follows:

TF-IDF(t,d) = TF(t,d) x IDF(t)

(6)
where:
. TF(t,d) is the term frequency of term t in
document d,
o IDF(t)=IDF(T) = logL is the inverse

ar(t)
document frequency, where NNN is the total
number of documents, and df(t) is the number of
documents containing term t.

The classifier receives trained sentiment data to
assign positive or negative or neutral labeling to text
sentiment.

F. Model Evaluation

Once the models are trained, their performance is
evaluated using standard metrics. For classification
tasks like lead scoring and sentiment analysis, the
following evaluation metrics are used:

. Accuracy: The proportion of correctly
predicted instances.

. Precision: The proportion of positive
predictions that are actually correct.

. Recall: The proportion of actual positive
instances that were correctly predicted.

. F1-score: The harmonic mean of precision
and recall.

For regression tasks like sales forecasting,
performance is evaluated using:

. Mean Squared Error (MSE): Measures the
average squared difference between predicted and
actual values.

1 n A
MSE= -3 (ui—3)*
o U]
. Root Mean Squared Error (RMSE): The

square root of MSE, providing an error metric in the
same unit as the target variable.

1 n
MSE = 4| — :— ;)2
RMS n;(yz 7

®)

G. Integration into CRM Systems

Once the models have been trained and evaluated,
they are embedded in the CRM systems like
Salesforce CRM, Oracle Siebel. They provide APIs
and native tools for integrating machine learning
models. For instance, predictive lead scoring can be
integrated into the CRM dashboard, while analysis
results of sentiment can be shown alongside
customer interactions for immediate feedback. It aids
the business entities to better engage with
customers, settle the sales approach, and therefore
predictable business results while automating and
optimizing these procedures. Integration of Al and
ML Model in CRM system enables businesses to
take proactive approach towards customer
relationship management.

4. RESULTS AND DISCUSSION

In this section, the results are described by applying
Al and ML techniques in the CRM with focus such
as predictive lead scoring, customer segmentation,
sentiment analysis and sales forecasting. This is
judged by key metrics of model efficiency and its
influence on the processes of CRM. We also share
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what these results are in practice and how they are
helping your business goals.

A. Predictive Lead Scoring

A Logistic Regression method was used to make the
predictive lead score model that guesses how many
sales leads will turn into customers. It was possible
to narrow the past customer data so that it only
included customer records with contact and buy
information as well as demographic information for
a model training session. We check how well the
model works by looking at its accuracy, precision,
memory, and F1-score.

80r

60 -

Values (%)

40 -

201

Table 1: Presents the performance metrics of
the lead scoring model:

Metric Value
Accuracy 85%
Precision 82%
Recall 88%
F1-Score 85%

The model showed a solid performance level
especially regarding recall that showcases its
capability to identify promising leads accurately.
The evaluation model proves essential for sales
teams to organize their activities with maximum
impact.

_Performance Metrics of Predictive Lead Scoring Model

. .
Accuracy Precision
Metrics

Recall F1-Score

Figure 2: Performance Metrics of Predictive Lead Scoring Model

Here is the bar chart representing the performance
metrics of the predictive lead scoring model,
showcasing the values for Accuracy, Precision,
Recall, and F1-Score

B. Customer Segmentation using K-Means
Clustering

The K-Means clustering method established
customer segments through clustering customers
according to their purchasing conduct along with
demographic criteria and interactive behavior. The
Elbow method helped determine K to be 4 as the
appropriate cluster number which minimizes within-
cluster variance.

Table 2: Shows the characteristics of each customer segment identified by the clustering algorithm:

Segment | Average Age | Average Income (in USD) | Purchase Frequency | Engagement Score

Segment1l | 35 55,000

High 80

Segment 2 | 45 70,000

Medium 60
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Segment 3 | 30 45,000

Low 50

Segment 4 | 50 80,000

Medium 70

The segmentation revealed that Segment 1 represents young, highly engaged customers with frequent purchases,
while Segment 3 consists of customers with low engagement and less frequent purchases. This segmentation helps
in designing targeted marketing strategies tailored to each customer group, which is essential for improving

customer satisfaction and retention.

Customer Segmentation Analysis: Age and Income
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Figure 3: Customer Segmentation Analysis: Age and Income

The following image depicts customer segmentation
analysis regarding Average Age and Average
Income for various segments. Two visualization
types demonstrate the customer demographic
information where the bar chart shows average
person age per segment and the line plot shows
average segment income in USD. The visual
presentation allows one to observe the differences
between customer segment characteristics regarding
age and income distribution.

C. Sentiment Analysis using NLP

NLP techniques helped analyze customer sentiment
through sentiment analysis of their feedback and
reviews. The system needed to identify customer
feedback sentiment whether it was positive or
negative or neutral. The evaluation of the sentiment
analysis model occurred through accuracy and F1-
score metrics.

Table 3: Presents the results of the sentiment classification:

Sentiment | Number of Instances | Accuracy (%) | F1-Score
Positive 1,200 90% 0.89
Negative | 800 85% 0.84
Neutral 1,000 88% 0.86

The sentiment analysis model achieved good results
across all sentiment categories where positive
sentiments reached the highest accuracy. The model

grants businesses the ability to monitor client
emotions live which leads to better custom-tailored
and time-sensitive support services.
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Sentiment Analysis Results: Accuracy and F1-Score
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Figure 4: Sentiment Analysis Results: Accuracy and F1-Score

Sentiment analysis results present a visual display
through the graph which demonstrates Accuracy and
F1-Score scores within each Positive, Negative,
Neutral  sentiment classification.  Accuracy
percentages appear in the bar chart alongside line
plot F1-Scores that display sentiment category
performance. The visual display enables users to
understand the model's performance metrics which

compare its accuracy levels against its balance
capabilities in multi-class sentiment analysis.

D. Sales Forecasting using ARIMA

The prediction of future sales by the ARIMA model
relied on historical data for its analysis. Mean
Squared Error (MSE) and Root Mean Squared Error
(RMSE) were used to test the ARIMA model.

Table 4: Displays the results of the sales forecasting model:

Metric | Value

MSE 25,000

RMSE | 158.11

The ARIMA model generates forecast errors with a
reasonable value of 158.11 since it remains
beneficial for making resource allocation and

inventory management decisions despite some
prediction uncertainty.

Sales Forecasting Metrics: MSE and RMSE

25000

20000

15000

Value

10000

5000

MSE

RMSE

Metric

Figure 5: Sales Forecasting Metrics: MSE and RMSE
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F. Discussion

The findings derived from Al and ML models
indicate that such techniques greatly augment CRM
functionalities by  promising  insights for
organizations.

« Forecasting Lead Scoring: The forecasting lead
scoring model works very well, guiding sales teams
to focus on the most potential leads and improving
the use of resources and sales efficiency. Businesses
can use past data to help them prioritise leads by
using machine learning in the lead score process.
This makes it less likely that they will try to sell to
someone who just needed to know the data first.

» Segmenting Customers: K Means clustering was
used to divide customers into groups based on their
behaviour and traits. This let companies tailor their
marketing strategies to each group. This kind of
grouping does more than just allow for personalized
marketing; it also helps businesses find their most
valuable customers and places where interest is low.

* Sentiment Analysis: The sentiment analysis model
offers businesses real-time insights into how
customers are feeling and enables them to quickly
spot and respond to any potential problems. For
example, positive sentiment analysis can reveal
what features of a product or service customers
appreciate, whereas negative sentiment highlights
areas for service improvement. And this touch in
real time is priceless to enhance the links with
customers.

* Forecasting SALES: Although the model's RMSE
indicates some variability in predicting sales, the
ARIMA model can be a good business sales
forecasting tool. Though there is ambiguity within
this approach, this model can help in making smart
business decisions related to stock management,
pricing and resource allocation etc.

CONCLUSION

Al and ML help in entering realistic customer data
while forecasting the next steps that can be followed
as these are machine-driven tools and suggest
idealistic and smartest patterns in an organization.
The predictive lead scoring model, customer
segmentation,  sentiment analysis, and sales
forecasting all performed well, providing valuable
insights for decision-making. These technologies
enable businesses to customize marketing
endeavors, take proactive action based on customer
feedback, and provide intelligent predictions for

efficient resource utilization. With continuous
advances in Al and ML, CRM systems will be
equipped to deliver increasingly personalized, data-
driven solutions that will enhance customer
engagement and outcomes for business.

Future scope

There is a huge amount that Al and ML can do for
CRM systems. They can process data in real time,
do advanced research on customers, and make
conversations with customers even smoother. As Al
models get better, CRM systems will be able to more
correctly predict how customers will act and give
them experiences that are very specific to them.
Putting Al together with newer technologies like
robots, voice recognition, virtual reality, and so on
will also make interactions with clients more
interesting. Also, Al and machine learning systems
that are always getting better will keep all data safe,
protect privacy, and allow for growth. This means
that Al-driven CRM solutions can be used by
businesses of all sizes and in all kinds of industries.
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