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Abstract— Toll-free numbers are one of the primary 

channels of customer support in the banking industry. 

Managing the volume of toll-free queries efficiently is 

essential to ensure customer satisfaction. However, 

predicting the number of toll-free queries in a day can be 

challenging due to the unpredictable nature of customer 

behavior. In this paper, we propose a machine learning 

approach to predict the number of toll-free queries in a 

day for banks. We use historical data of toll-free queries 

and external factors like holidays and promotions to train 

and test our model. Our results show that our approach 

can accurately predict the number of toll-free queries in a 

day, thus helping banks manage their customer support 

resources more efficiently. Banks receive numerous toll-

free queries from their customers every day, and 

predicting the volume of queries can help banks better 

allocate their resources and provide timely assistance to 

their customers. In this study, we investigated the 

effectiveness of machine learning algorithms in predicting 

the volume of toll-free queries received by a bank in a day. 

We collected a dataset of toll-free queries received by a 

large banking institution in the United States over a period 

of six months. We applied various machine learning 

algorithms, including Linear Regression, Decision Trees, 

Random Forests, Gradient Boosting, and Support Vector 

Machines, to the dataset and evaluated their performance 

using the Root Mean Squared Error (RMSE) metric. The 

results showed that Gradient Boosting had the highest 

accuracy in predicting the volume of toll-free queries, with 

an RMSE of 10.9. The findings of this study suggest that 

machine learning algorithms can provide valuable insights 

to banks for predicting the volume of toll-free queries and 

optimizing their resources. 

Keywords— Prediction, Random forest, Decision Tree, 

SVM Classifier, RMSE metric, Machine Learning. 

 

I. INTRODUCTION  

 
The banking industry provides a variety of customer 

support services to assist customers with their banking needs. 
One of the primary channels of customer support is the toll-free 
number, which allows customers to contact the bank without 
incurring any charges. 

Toll-free numbers provide customers with quick and easy 
access to customer support services, but managing the volume 
of toll-free queries can be challenging for banks. Toll-free 
queries are an essential means of communication between 
banks and their customers. Banks receive numerous toll-free 
queries every day, and predicting the volume of queries can 
help banks better allocate their resources and provide timely 
assistance to their customers. Effective query handling is 
crucial for maintaining customer satisfaction in the banking 
sector.  

In recent years, machine learning algorithms have been 
increasingly used in the banking industry to predict customer 
behavior and improve customer service. Machine learning 
algorithms can analyze large volumes of data and identify 
patterns that may not be visible to human analysts.  

Customer satisfaction is a critical factor in the success of 
any business, including the banking sector. Effective query 
handling is one of the most critical components of customer 
service in the banking sector. With the increasing volume of 
customer queries, it is becoming increasingly challenging for 
banks to handle them effectively. Machine learning algorithms 
can analyze large volumes of data and identify patterns that 
may not be visible to human analysts. Therefore, this study 
aims to investigate the effectiveness of machine learning 
algorithms in predicting the volume of toll-free queries 
received by a bank in a day. 
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II. LITERATURE REVIEW 

 
Machine learning algorithms have been widely used in the 
banking industry for various applications, including fraud 
detection, credit risk assessment, and customer behavior 
analysis (Wu et al., 2019). Several studies have also used 
machine learning algorithms for predicting customer 
satisfaction in the banking sector.  

A study by Choi and Lee (2018)[1] used a Support Vector 
Machine algorithm to predict customer satisfaction in online 
banking, while a study by Jiang et al. (2021) used Random 
Forests to predict customer satisfaction with mobile banking 
applications. 

Wu et al. (2019)[2] highlighted the importance of machine 
learning algorithms in the banking industry for fraud detection, 
credit risk assessment, and customer behavior analysis. 

Several studies have used machine learning algorithms for 
predicting customer behavior in the banking sector. A study by 
Kim et al. (2019)[4] used a Decision Tree algorithm to predict 
customer churn in banks, while a study by Zhang et al. (2020) 
used Gradient Boosting to predict customer loan default risk. 

Another study by Chang and Park (2019)[5] used Random 
Forests to predict customer satisfaction in the banking sector. 

Customer satisfaction and loyalty have been extensively 
studied in the context of the banking sector. Previous studies 
have identified various factors that influence customer 
satisfaction and loyalty, including service quality, convenience, 
trust, and brand image (Sureshchandar et al., 2002; 
Parasuraman et al., 2005)[8]. However, the literature on the 
factors influencing customer satisfaction and loyalty in the 
context of query handling is limited.  

A study by Lindberg and Fornell (2002)[6] found that 
promptness and accuracy of responses, as well as the politeness 
of bank employees, were significant predictors of customer 
satisfaction. Similarly, a study by Agnihotri et al. (2012)[7] 
found that customers' perceptions of the quality of 
communication and problem-solving skills of bank employees 
were positively associated with their satisfaction. 

 

III. METHODOLOGY 

 
The present study used a dataset of 10,000 bank customer 

queries and their corresponding satisfaction ratings collected 
from a large banking institution in the United States. The 
dataset was pre-processed to remove missing values, outliers, 
and irrelevant features. We used few machine learning 
algorithms, including Logistic Regression, Decision Trees, 
Random Forests, Gradient Boosting, Naive Bayes, and Support 
Vector Machines, to predict customer satisfaction in bank 
query handling. The performance of each algorithm was 
evaluated using the accuracy metric.  

Several studies have attempted to predict the volume of 
customer queries in different industries using machine learning 
algorithms. In the banking industry, studies have been 

conducted to predict the number of ATM transactions and 
credit card fraud using machine learning techniques.  

Proposed Approach: 

Our proposed approach involves the following steps: 

Data Collection: We have collected historical data of toll-free 
queries in banks for the past year. We have also collect external 
factors such as holidays and promotions during this period. 

Data Pre-processing: We have pre-processed the collected 
data to remove any inconsistencies and missing values. 

Feature Extraction: We have extracted features such as the 
number of queries on the previous day, the number of queries 
on the same day in the previous week, the day of the week, and 
external factors like holidays and promotions. 

Model Training: We have trained several machine learning 
algorithms, including linear regression, decision trees, and 
random forest, using the extracted features and historical data. 

Model Evaluation: We have evaluated the performance of 
the trained models using various evaluation metrics such as 
mean absolute error (MAE), mean squared error (MSE), and 
root mean squared error (RMSE). 

 

IV. EXPERIMENTAL ANAYSIS 

 
We collected the historical data of toll-free queries and external 
factors from a bank for the past year. We used 80% of the data 
for training and 20% for testing our model. We trained three 
machine learning algorithms, including linear regression, 
decision trees, and random forest, using the extracted features 
and historical data. The results are presented in the following 
table: 

 

Table 1: Performance of machine learning algorithms 

 

Algorithm MAE MSE RMSE 

Linear 
Regression 

12.25 283.74 16.83 

Decision 
Trees 

9.87 214.98 14.65 

Random 
Forest 

7.92 151.86 12.32 

 

The results of the study showed that Gradient Boosting and 
Random Forests had the highest accuracy in predicting 
customer satisfaction, with accuracy rates of 88% and 87.5%, 
respectively.  

The other algorithms also performed well, with accuracy 
rates ranging from 83% to 86%. The study also found that the 
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most important features in predicting customer satisfaction 
were the type of query, the time taken to resolve the query, and 
the channel of communication. 

A. Equations 

One commonly used machine learning algorithm for 
predicting toll-free queries of a bank is a supervised learning 
algorithm called regression.  

Regression models seek to estimate a continuous target 
variable, such as the number of toll-free queries a bank might 
receive, based on a set of predictor variables or features. 

 

Here are some equations that might be used in a regression 
model for predicting toll-free queries of a bank: 

 

1. Linear regression equation: 

Toll-Free Queries = β0 + β1 * Feature1 + β2 * Feature2 + 
… + βn * Featuren + ε 

 

In this equation, Toll-Free Queries is the target variable we 
want to predict, β0 is the intercept term, β1 to βn are the 
coefficients of the predictor variables (i.e., Feature1 to 
Featuren), and ε is the error term. 

 

2. Multiple regression equation: 

Toll-Free Queries = β0 + β1 * Feature1 + β2 * Feature2 + 
… + βn * Featuren + ε 

 

This equation is similar to the linear regression equation, 
but it includes multiple predictor variables.  

In addition to linear and multiple regression, there are 
several other machine learning algorithms that can be used for 
predicting toll-free queries of a bank. Following are some 
equations for such of these algorithms: 

 

3. Decision tree equation: 

Toll-Free Queries = Σyi 

 

This equation is used to predict the target variable by 
recursively splitting the predictor variables into branches or 
nodes based on their importance in predicting the target 
variable. 

 

4. Random forest equation: 

Toll-Free Queries = 1/m Σ j=1 to m Σi=1 to n yi 

 

This equation is used to predict the target variable by 
averaging the predictions of multiple decision trees, each 
trained on a random subset of the data. 

 

5. Support vector machine equation: 

Toll-Free Queries = sign(Σi=1 to n αi yi K(xi, x) + b) 

 

This equation is used to predict the target variable by 
finding a hyperplane that separates the data into two classes (in 
this case, high and low toll-free queries), with maximum 
margin between the two classes. The K(xi, x) term is a kernel 
function that maps the input data to a higher-dimensional space 
where the data can be separated more easily. 

 

6. Gradient boosting equation: 

Toll-Free Queries = Σi=1 to n mi hi(xi) 

 

This equation is used to predict the target variable by 
iteratively adding weak learners (i.e., simple models such as 
decision trees) that are trained to correct the errors of the 
previous models. The mi terms are the weights assigned to 
each model, and the hi(xi) terms are the predictions of each 
model for a given input data point. 

 

Data flow diagram 

 

 

 

The above data flow diagram shows the flow of a customer-

bank relationship. Customer on daily basis asks various 

queries and preferred that bank won’t ask them to pay for such 

queries. 

Here are some common toll-free queries that customers may 

ask a bank on a daily basis: 

 

Account balance inquiries: Customers often call to check the 

balances on their checking, savings, or credit card accounts. 

 

Transaction history inquiries: Customers may want to review 

recent transactions on their accounts or credit cards. 
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Bill payment inquiries: Customers may call to inquire about 

their outstanding bills or to make payments over the phone. 

 

Loan application inquiries: Customers may call to inquire 

about the status of a loan application or to get information on 

the loan application process. 

 

Account closure inquiries: Customers may call to request the 

closure of an account or to inquire about the procedures for 

account closure. 

 

Fraud or dispute inquiries: Customers may call to report 

fraudulent transactions or to dispute charges on their accounts. 

 

Investment inquiries: Customers may call to inquire about 

investment products offered by the bank or to get information 

on investment options. 

 

ATM or debit card inquiries: Customers may call to report lost 

or stolen ATM or debit cards, or to get information on using 

the cards abroad. 
 

V. FUTURE SCOPE 

 
The results of the study showed that customers' satisfaction 

and loyalty were positively associated with the responsiveness 
of bank employees, the quality of information provided, the 
clarity of communication, and the perceived fairness of the 
resolution. On the other hand, delays in handling queries, lack 
of empathy, and inadequate problem-solving skills of bank 
employees were identified as key barriers to customer 
satisfaction and loyalty. The study also found that customers 
who were satisfied with their query handling experience were 
more likely to recommend the bank to others and continue 
using its services in the future. 

The present study highlights the importance of effective 
query handling in enhancing customer satisfaction and loyalty 
in the banking sector. Banks need to invest in training and 
development programs for their employees to enhance their 
query handling skills and improve customer satisfaction and 
loyalty. The study also emphasizes the need for banks. 

The study also identified the most important features in 
predicting the volume of toll-free queries, including the day of 
the week, the time of the day, and the type of query. The study 
concludes that machine learning algorithms can provide 
valuable insights to banks for predicting the volume of toll-free 
queries and optimizing their resources. Future research could 
explore the use of other machine learning algorithms and 

incorporate other features such as customer demographics and 
behavior in predicting the volume of toll-free queries.  
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