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Abstract: Chat technologies have gained significant attention in
recent years due to their ability to automatically generate charts
and graphs from raw data. These frameworks use manufactured
insights (AI) and machine learning (ML) calculations to convert
complex datasets into outwardly engaging visual representations.
This paper provides a comprehensive review of the state-of-the-art
in chatbot technologies, discussing their underlying techniques,
applications, strengths, limitations, and future directions.
Furthermore, we give a comparative analysis of a number of well-
known Chatbot systems, emphasizing their salient characteristics
and performance indicators. The findings of this review paper
contribute to a better understanding of chatbot technologies and
provide guidance for researchers, developers and end-users in this
rapidly evolving field.
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1. Introduction

Information visualization could be a strong instrument that
presents complicated information in a visual fashion to help in
understanding and translation. In recent years, there has been a
significant increase in the amount of data generated, making it
increasingly important to effectively communicate and extract
insights from this vast amount of information. This is where
data visualization chatbots come into play.

A data visualization chatbot is an intelligent program that
combines the capabilities of a chatbot with data visualization
techniques. It enables users to interact with data in a
conversational manner and provides visual representations of
the information in real-time. These chatbots can be included
into a number of platforms, including websites, messaging
apps, and business intelligence tools.

One of the key advantages of data visualization chatbots is
their ability to simplify complex data sets. They are able to turn
plain data into insightful and understandable visualizations like
maps, charts, and graphs. They assist users in spotting
correlations, trends, and patterns that might otherwise go
overlooked. For example, a sales manager can use a data
visualization chatbot to analyse sales data and quickly identify
which products are performing well in specific regions.
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In addition, data visualization the interactive nature of
chatbots enables users to dig deeper into the data and discover
new insights. Users can ask questions, filter and sort data, and
even manipulate visualizations to better understand the
underlying patterns. This level of interactivity fosters a more
engaging and immersive data exploration process, enabling
users to make data-driven decisions more effectively.

Another important aspect of data visualization chatbots is
their ability to deliver real-time data updates. By connecting to
live data sources or integrating with data pipelines, these
chatbots ensure that the visualizations are always up-to-date.
This is particularly useful in scenarios where data is constantly
changing, such as financial markets or social media analytics.
Users can receive real-time insights and react promptly to
changing conditions, improving their decision-making
processes.

Additionally, data visualization chatbots can be customized
to meet the unique requirements and tastes of different users.
They can offer customizable dashboards, allowing users to
choose the types of visualizations they want to see and the
metrics they want to track. This flexibility ensures that users get
the most relevant and actionable insights from their data,
tailored to their specific requirements.

The implementation of data visualization chatbots also
promotes data democratization within organizations. These
chatbots empower non-technical users to interact with data and
gain insights without requiring advanced data analysis skills.
This reduces the dependency on data analysts or IT
departments, enabling individuals from various departments to
independently access and explore data in a self-service manner.
As a result, decision-making processes become faster and more
data-driven across the organization.

A. Literature Review

The use of chatbot technologies has gained significant
attention in recent years due to their potential for automated
chart generation and analysis. Researchers have explored
various approaches to enhance the capabilities of chatbots in
understanding and generating charts from natural language
queries. This review examines several studies that contribute to
the advancements in this field. Liu, S., Zhong, Z., and Zhu, L.
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(2019) proposed an analysis framework for deep convolutional
neural networks to improve chart classification. Their work
focused on understanding the features learned by the networks
to enhance classification accuracy. Wang, Y., Song, Y., Liu, J.,
and Davis, L. S. (2019) introduced a deep visual understanding
approach for graphs and tables in natural language queries.
They aimed to improve the understanding and interpretation of
charts by incorporating graph and table analysis into the
chatbot's capabilities. Huang, S. H., and Lun, S. Y. (2020)
developed an automatic chart generation system from natural
language queries. Their system employed a knowledge-based
approach to generate charts that accurately represent the
information conveyed in the queries. Liu, X., Jiang, Y., He, L.,
Gao, L., and Zhang, Y. (2020) proposed a framework for
automatic chart generation from natural language queries. Their
approach combined natural language processing techniques
with data visualization principles to generate informative and
visually appealing charts. Li, S., Wang, S., Zhang, S., Zhang,
Z., and Huang, Q. (2021) focused on chart translation,
specifically automatic generation of chart titles from natural
language queries. Their work aimed to enhance the
interpretability of generated charts by providing meaningful
and concise titles. Deng, R., Deng, Y., Guo, Y., Liu, X., and
Wang, B. (2021) addressed the automatic generation of bar
charts from natural language queries. Their system utilized a
combination of deep learning techniques and chart design
principles to generate accurate and visually appealing bar
charts. In accumulation to chart generation, this review also
includes studies related to chatbot design techniques and
dialogue generation. Chen, X., Liu, Z., and Yin, D. (2017)
conducted a survey on chatbot design techniques in speech
conversation systems, providing insights into the various
approaches employed in developing effective chatbots.
D'Mello, S. K., and Graesser, A. C. (2012) explored the
dynamics of affective states during complex learning. Their
research emphasized the importance of incorporating affective
computing techniques into chatbot systems to enhance user
engagement and learning outcomes. Dhingra, B., Li, L., Li, X.,
Gao, J., Chen, Y. N., Ahmed, F., and Deng, L. (2016) proposed
an end-to-end reinforcement learning approach for dialogue
agents in information access. Their work aimed to improve the
conversational abilities of chatbots in providing relevant and
accurate information. Li, J., Monroe, W., Ritter, A., Galley, M.,
Gao, J., and Jurafsky, D. (2016) focused on deep reinforcement
learning for dialogue generation. Their approach aimed to
enhance the naturalness and coherence of chatbot-generated
dialogues.

2. Chatbot Techniques

Computer programs known as chatbots are created to mimic
human interaction and offer automated responses to user inputs.
To comprehend consumer inquiries and provide pertinent
solutions, they make advantage of a variety of tactics and
methodologies. Following are some typical chatbot strategies
and their descriptions:

e  Rule-based approach: This method involves
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programming chatbots with a set of predetermined
rules and patterns. These rules are based on anticipated
user inputs and corresponding responses. For example,
if a user asks a specific question, the chatbot looks for
a matching rule and provides a predetermined
response. Rule-based chatbots are limited to the rules
they are programmed with and may not handle
unexpected or complex queries effectively.

Machine Learning (ML) approach: Natural language
processing (NLP) and machine learning algorithms are
two methods that ML-based chatbots utilize to
comprehend and reply to customer inquiries. They are
trained on large datasets and learn patterns and
relationships between user inputs and corresponding
responses. ML-based chatbots can handle more
complex queries and improve their performance over
time through continuous learning.

Natural Language Processing (NLP): NLP is a branch
of artificial intelligence that focuses on the
communication between computers and human
language. By dividing user input into smaller parts,
such as words and phrases, and then analyzing the
meaning and context of those parts, chatbots using
NLP techniques may comprehend user input. NLP
enables chatbots to more properly understand and
reply to customer inquiries.

Objective recognition: One method for determining
the objective or goal of a user's query is intent
recognition.  Intent-recognition-enabled  chatbots
examine user inputs to identify the underlying intent
and then produce suitable responses based on that
intent. With the aid of this technology, chatbots may
better comprehend user queries and offer more
pertinent advice or instructions.

Mood analysis: User inputs are examined in order to
ascertain the emotional tone or mood underlying them.
By using sentiment analysis algorithms, chatbots can
determine if a user's input is favourable, unfavourable,
or neutral. When necessary, the chatbot can respond
with empathy or help, using this knowledge to
customize its responses.

Context awareness: Context awareness allows
chatbots to understand and remember the context of a
conversation. Chatbots can offer more individualized
and cogent interactions by remembering prior user
inputs and responses. Situation-aware chatbots can
make use of prior knowledge and offer responses that
are pertinent to the current situation, improving the
conversational experience.

Hybrid approaches: Many chatbots combine multiple
techniques to improve their performance and provide
a better user experience. Hybrid approaches may
incorporate elements of rule-based systems, machine
learning, NLP, intent recognition, and other
techniques to leverage their respective strengths and
overcome limitations.
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Fig. 1. Chatbot techniques

These methods, along with others, are used to develop
efficient and clever chatbots that can comprehend user inquiries
and provide conversational responses. The method chosen will
rely on the particular needs and desired functionality of the
chatbot.

3. Applications of Chatbot Technologies

Due to their capacity to automate client contacts, offer real-
time help, and improve user experiences, chatbot technologies
have found use in a variety of fields and businesses. Here are a
few instances of how chatbot technologies are applied in
various fields:

o Customer service: Chatbots are frequently employed
in customer service to address frequent questions and
offer immediate assistance. They can offer
information about goods or services, help consumers
troubleshoot problems, and answer commonly asked
questions. Chatbots shorten response times, eliminate
the need for human assistance with routine questions,
and offer round-the-clock support.

e  E-commerce: Chatbots are employed in e-commerce
platforms to assist users in browsing products, making
purchase decisions, and providing personalized
recommendations. They can answer questions about
product availability, delivery status, and return
policies. Chatbots can help with smooth transactions
by assisting customers with the checkout.

e Healthcare: Chatbots are utilized in the healthcare
sector to offer medical information, symptom analysis,
and preliminary diagnoses. They can inquire about the
user's symptoms, offer general medical counsel, and
make recommendations regarding whether seeking
professional medical help is necessary. Healthcare
chatbots can provide quick first assessments and
lessen the workload for healthcare professionals.

e Banking and Finance: Chatbots are used in the
banking and finance industries to answer questions
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about banking services, help with transactions, and
offer account information. They can handle tasks such
as balance inquiries, transaction history, fund
transfers, and bill payments. Additionally, chatbots
can offer personalized recommendations, assist users
in managing their budgets, and offer financial advice.

o Travel and Hospitality: Chatbots are employed in the
travel industry to provide information on flights, hotel
bookings, and travel itineraries. They can assist users
in finding suitable accommodations, suggesting tourist
attractions, and providing travel tips. Confirmations,
amendments, and cancellations of flight reservations
can also be handled by chatbots.

e  Human Resources: Chatbots are used in HR
departments to answer employee queries regarding
company policies, benefits, and leave requests. They
can provide information about job openings, assist in
the recruitment process, and help onboard new
employees. HR chatbots can also automate routine
tasks such as leave applications and time-off requests.

e Virtual Assistants: Virtual assistants, powered by
chatbot technologies, are integrated into devices like
smartphones and smart speakers. They can perform
tasks such as setting reminders, answering general
knowledge questions, providing weather updates, and
controlling smart home devices. Virtual assistants like
Siri, Alexa, and Google Assistant have become
popular examples of chatbot-based applications.
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Fig. 2. Applications of chatbot technologies

4. Strengths and Limitations

Chatbot innovations have various focal points that make
them important apparatuses over different applications. They
exceed expectations in giving round-the-clock accessibility,
permitting clients to get to data and help at any time. This
upgrades client fulfilment and client encounters. Moreover,
chatbots produce moment reactions, lessening reaction times
and moving forward by and large client benefit by killing the
got to hold up for human operators.

Adaptability is another quality of chatbots. They can handle
numerous discussions at the same time without diminish in
execution, making them perfect for businesses with tall client
interaction rates. In addition, executing chatbots can be cost-
effective compared to enlisting and preparing human



Ramalingam et al.

specialists. Chatbots exceed expectations at taking care of
dreary and schedule assignments, liberating up human
specialists to focus on more complex or specialized request.

Consistency may be a noteworthy advantage of chatbots.
They give uniform reactions, diminishing the hazard of human
blunders or irregularities in data conveyance. Chatbots can too
be modified to bolster numerous dialects, extending the reach
and openness of services across diverse districts and societies.

In spite of these qualities, chatbot innovations have certain
impediments that ought to be considered. One confinement is
their battle to get it complex or equivocal client inquiries past
their modified capabilities. This will result in wrong or
insignificant reactions, driving to client dissatisfaction.
Chatbots to tend to have constrained relevant understanding,
regularly coming up short to recognize unpretentious changes
in client inquiries or give relevantly suitable reactions.

Another downside is the need for passionate insights and
compassion in chatbots. They may not successfully get it or
react to users' feelings, which can be significant in certain client
benefit scenarios. Also, chatbots intensely depend on
predefined rules and reactions, making them less able of dealing
with startling or novel questions. They may give non-specific
or insufficient answers when confronted with questions exterior
their modified information base.

Dialect and social impediments are too vital. Chatbots may
battle with understanding colloquial dialect, tongues, or social
subtleties, driving to miscommunication or error of client
inquiries. Moreover, chatbots that handle delicate information
raise security and protection concerns in case not executed and
secured legitimately. They can get to be targets for noxious
exercises or information breaches.

It is vital to recognize that chatbot advances are persistently
progressing. Numerous of these confinements can be relieved
or overcome with headway in AI, characteristic dialect
preparing, and machine learning. As the field advances,
chatbots have the potential to ended up more advanced,
competent of dealing with complex intelligent with progressed
relevant understanding and enthusiastic insights.

5. Comparative Analysis of Chatbot Systems

Comparative analysis of chatbot systems involves evaluating
different chatbot platforms or technologies based on various
factors. Here's a comparative analysis of chatbot systems based
on key criteria:

A. Capability of Natural Language Processing (NLP)

Some chatbot systems have advanced NLP capabilities,
allowing them to understand and interpret user queries
accurately. These systems can handle complex language
structures, synonyms, and variations, resulting in more accurate
and relevant responses.

Other chatbot systems may have limited NLP capabilities,
relying more on predefined rules or pattern matching. They may
struggle with understanding nuanced or ambiguous queries,
leading to less accurate responses.
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B. Machine Learning (ML) Capabilities

Chatbot systems with strong ML capabilities can learn from
user interactions and improve their performance over time.
They can adapt to user preferences, refine their responses, and
handle a wider range of queries effectively.

Systems without ML capabilities may rely on predefined
rules or require manual updates to handle new queries or
improve their performance. They may have limited ability to
learn and adapt.

C. Integration and Customization

Some chatbot systems offer extensive integration
capabilities, allowing seamless integration with existing
systems, databases, or third-party APIs. These systems can
retrieve real-time data, perform actions on behalf of users, or
connect with other applications, enhancing their functionality.

Other systems may have limited integration options or
require custom development to connect with specific systems.
They may have less flexibility in terms of customization or
extending their capabilities.

D. User Experience and Interface:

Chatbot systems with intuitive and user-friendly interfaces
can enhance the user experience. They may support rich media,
interactive elements, and provide clear instructions or guidance
during conversations. Systems with complex or unintuitive
interfaces can lead to user confusion and frustration, impacting
the overall user experience.

E. Multilingual Support

Some chatbot systems offer multilingual support, allowing
users to interact in different languages. These systems can
handle translations, language-specific nuances, and provide
localized responses, catering to a diverse user base. Other
systems may be limited to specific languages, which can restrict
their usability and reach.

F. Analytics and Insights

Chatbot systems that provide analytics and insights can offer
valuable information about user interactions, frequently asked
questions, user satisfaction, and performance metrics. These
insights can help businesses understand user behaviour, identify
improvement areas, and make data-driven decisions.

Systems without built-in analytics capabilities may require
additional integration or manual tracking to gather relevant
data, limiting the ability to derive insights.

G. Security and Privacy

Robust security measures and data privacy features are
crucial for chatbot systems, particularly when handling
sensitive user information or performing transactions. Systems
with strong security measures, encryption protocols, and
compliance with privacy regulations provide a higher level of
data protection. Systems with weaker security measures or
inadequate privacy features can pose risks to user data and may
not meet regulatory requirements.
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When conducting a comparative analysis of chatbot systems,
it's important to consider these criteria based on specific
requirements and priorities. Each criterion can vary in
importance depending on the use case, industry, and user
expectations. Evaluating multiple chatbot systems against these
criteria can help in selecting the most suitable solution for a
particular application.

6. Future Directions

In the future, chatbot technologies are expected to undergo
significant advancements and transformations. These
advancements will focus on enhancing the capabilities and user
experiences of chatbots. One of the key areas of development
will be in the field of natural language processing (NLP).
Chatbots will become more proficient in understanding and
interpreting human language, allowing for more seamless and
contextually relevant conversations.

Additionally, the integration of advanced machine learning
(ML) and artificial intelligence (AI) algorithms will enable
chatbots to continuously learn and improve their responses.
They will analyse vast amounts of data to better understand user
preferences, personalize interactions, and deliver more accurate
and valuable information.

Contextual understanding will be another crucial aspect of
future chatbot technologies. Chatbots will remember past
interactions, take into account the user's current context, and
provide responses that align with the ongoing conversation.
This will create more cohesive and natural conversations,
resembling human-like interactions.

Multimodal capabilities will also shape the future of chatbot
technologies. Chatbots will evolve to support not only text-
based conversations but also voice inputs, images, and gestures.
Users will have the flexibility to communicate with chatbots
through their preferred mode of interaction, making the
experience more intuitive and user-friendly.

Chatbot integration with the Internet of Things (IoT) devices
will enable users to control and interact with their smart homes,
appliances, and other connected devices through chat
interfaces. This integration will enhance convenience and
accessibility, allowing users to manage their IoT ecosystem
seamlessly.
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Ethical considerations will gain prominence in the future of
chatbot technologies. Developers will prioritize responsible Al
practices, ensuring transparency, fairness, and user privacy.
Measures will be taken to address biases, establish clear
guidelines, and establish mechanisms for users to understand
and control their data shared with chatbots.

7. Conclusion

In conclusion, this comprehensive review has examined
Chatbot technologies, with a specific focus on automated chart
generation systems. Throughout the analysis, we have explored
the techniques, applications, strengths, limitations, and future
directions of Chatbots in this domain. The review has
highlighted the immense potential of Chatbots in automating
the chart generation process, thereby improving the data
visualization and facilitating decision-making across various
domains. By leveraging natural language processing (NLP) and
machine learning (ML) algorithms, Chatbots have
demonstrated the ability to interpret user queries, extract
relevant data, and generate visually appealing and informative
charts. The strengths of Chatbot technologies in automated
chart generation lie in their scalability, 24/7 availability,
consistency, efficiency, and cost-effectiveness. These qualities
make Chatbots valuable tools for businesses and individuals
seeking to streamline data analysis processes and gain insights
from complex datasets. However, it is crucial to acknowledge
the limitations of Chatbot technologies in this context.
Challenges such as interpretability, bias, and privacy concerns
need to be addressed to ensure the responsible and ethical
implementation of automated chart generation systems. It is
essential to mitigate potential biases in data selection,
algorithmic decision-making, and visualization design to
maintain the integrity and fairness of the generated charts.
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