International Journal of Innovations in Scientific Engineering WwWWw.ijise.in

(ISE) 2023, Vol. No. 18, Issue 1, Jul-Dec e-1SSN: 2454-6402, p-ISSN: 2454-812X

Seeing Through Machines: Leveraging Al for Enhanced and
Automated Data Storytelling?
Swathi Chundru

Motivity labs INC
QA Automation Engineer
Texas, USA

Received: 29 July 2023; Accepted: 27 September 2023; Published: 21 October 2023

ABSTRACT

Amidst this big data, the skill of synthesizing complex datasets into persuasive narratives has mattered even more.
Data storytelling is the process of using narrative techniques, along with data visualization, to discover data insights
and present them in a way that is understandable, engaging and actionable. But building an insightful data story is
still a time-consuming manual process, and even more limited by human mind abilities. This research paper discusses
how Al can revolutionize data storytelling by streamlining and automating larger aspects of it. Artificial intelligence
(Al) lowers the barrier to entry for this type of work by leveraging state of the art machine learning algorithms and
natural language processing to automate insight generation, trend spot and create accurate yet insightful narratives.
This paper explores the techniques of Al-powered data storytelling, analyses relevant examples spanning across
industry disciplines, and highlights the challenges and ethical dilemmas faced in this nascent subfield. The study
concluded that Al is likely to revolutionize data storytelling, making it more powerful, scalable, and impactful than
ever.

INTRODUCTION

Data storytelling means it's the art of turning data into a story that validates the data and turns it into something
meaningful for the target audience. Data storytelling is an indispensable tool for key industry, research, and
governmental decision-makers who depend on data-informed insights to develop their strategies and policies.
Traditional data storytelling is an interactive process that human analysts cherry pick data and build narratives. It
takes both intimate knowledge of the material and the skill to express it in ways that wind around further thought.

With the explosion of data over the last several years, the limitations of human data storytelling are well and truly
realized. All the data being collected has created a host of human analysts who can't keep up, leading to what we—
in the hope that this doesn't take too long and misses large data patterns—call the delay of insight. Last but not least,
the growing complexity of modern data calls for higher forms of analysis than can be provided by traditional methods.

Acrtificial Intelligence (Al) can address these challenges by automating portions of the data storytelling process. Al is
capable of analysing impressively large datasets at unprecedented speeds, providing insights that would go unnoticed
by human analysts. Moreover, Al-based techniques are capable of developing narrative specific to target audience
ensuring insights are accurate, relevant and engaging.

Keeping this in mind, the following article explores the use of artificial intelligence (Al) to support and, potentially,
automatize the data story telling process. It starts with an overview of the research literature on data storytelling and
the roles of artificial intelligence. Next, the techniques applied in Al-generated storytelling are examined. To get a
sense for how such an approach can be useful for this kind of subject, the paper also offers case examples across
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various companies and industries. It explores some of the challenges and ethical dilemmas that arise from accelerating
use of [assistant ed: meaning Al-assisted] data narratives, and suggests ways forward.
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Fig 1: Data StoryTelling
OVERVIEW OF THE LITERATURE AND BACKGROUND
Data storytelling's evolution

Storytelling can be considered as an old concept from human history and is a basic mean of sharing information,
experiences and cultural practices. The art (storytelling) of narrating a story (data analysis) started evolving into a
discipline in itself in the late 20th century with the booming of data visualization tools. To convey insights data story
telling techniques were mainly manual and focused on textual narrative, charts, and graphs. These systems were still
limited, however, by the amount of data that human analysts were able to handle and make sense of.

The early 2000s witnessed a significant turning point for the world of data storytelling due to the advent of “big data”.
Make these changes were necessary, because social media, connected gadgets and digital transactions produced
enormous amounts of data. That was around the time that advanced data visualization technologies started to become
available — technologies that could manage larger datasets and convey complex information in more accessible
formats. In these scenarios, humans remained primarily responsible for interpreting the data and creating the story,
even with these developments.

Where Al fits in Data Analysis

Machine Learning & Natural Language Processing (NLP)—AI’s Update to Data Analysis. Machine learning
algorithms are able to notice correlations and trends in data that human analysts might miss; the longer these
algorithms are trained on a data set the more efficient they become at analyzing that data. Natural language processing
— or NLP — is how robots understand and then generate human language. This particular aspect of Al is vital to
forming stories based on data.

Al augmented data storytelling But the emergence of sophisticated Al methods, deployed into data exploration, has
enabled more advanced types of data narratives. Al driven technologies have demonstrated how they can be used to
apply relevant contextually based narratives, identify key trends based on real-time machine learning and automate
rich insights from large, cluttered data sets, and evidence of this impact can be felt or observed across industries
ranging from fraud detection, risk prediction, loan approval, insurance and so many other fields. Data storytelling
experience is increasingly becoming more meaningful with these features, where the organizations can share insights
widely.
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Important Technologies for Al-Powered Data Storytelling
A few key technologies lay the foundation for the use of Al in data storytelling. Among them are:

* Machine Learning (ML): ML algorithms can analyze large datasets to identify trends, correlations, and anomalies.
These insights form the basis of the narratives that Al tools are able to produce.

* Natural Language Generation (NLG): NLG is a particular kind of Natural Language Processing (NLP) that produces
human-like text based on data inputs. NLG algorithms can write narratives to make data comprehensible, human and
engaging.

» Data Visualization: Al-based tools for data visualization have the ability to select for you the most effective
visualizations of data data, graphs, charts, and infographics that convey one of the best messaging. Additionally, these
technologies can also adapt visuals dynamically based on user inputs.

» Use of Al to Extract Insights: By automating how important insights are extracted from data, Al can reduce the
amount of time and effort needed for analysis. This technology allows for real-time storytelling as stories can be
adjusted with new data.

The Evolution of Data Storytelling Through Time

While it’s a new name, the practice of data storytelling has roots that go back for centuries. In fact, mapping is one
of the earliest forms of data visualisation used by ancient civilizations to share information about geography and
astronomy. These rudimentary graphics were among the initial attempts to distill complex data so that it might be
comprehensible to a larger public.

The 18th and 19th centuries, for example, saw the emergence of early pioneers in modern data visualization, like
Charles Minard and William Playfair. Sometimes credited with the invention of both the line graph and the bar chart,
Playfair demonstrated how to visually depict numerical data. Perhaps the most famous example of data storytelling
is Minard’s depiction of Napoleon’s 1812 invasion of Russia, which merges geographical, statistical and narrative
elements into one comprehensive image.

Advancements in computer-generated images in the 20th century opened up the world of data visualization. Yet, it
wasn’t until the boom of personal computers and the internet that data storytelling began to take on its current form.
In the twenty-first century, as the flow of digital data accelerated, so did the need for higher-level methods of insight
analysis and conveyance. This demand laid the foundation of leveraging Al into data storytelling.

Artificial Intelligence's Rise in Data Narration

The term (admittedly buzzwordy) phrase which we can equate to the current shift of Al being embedded along the
entire data storytelling pipeline. First, Al automated data analysis labor Love work such as data cleansing, sorting,
and pattern recognition. However, understanding how Al technologies evolved and moved beyond simple automation
in the case of something like insight creation, story building, and active visualization and into more sophisticated
processes.

Finding newsworthy data stories is one major area where (presumably Generalised) Al has been applied, and in fact
the first Al in data storytelling was within the financial area, where they actually had algorithms publishing reports,
generated automatically, from financial data. Such algorithms would be able to generate timely and contextual
narratives and digest market trends rapidly. This saved time, whilst this method also provided a level of consistency
and objectivity that manual analysis could not provide.

As Al technologies further matured, they opened a wider horizon in data storytelling. Natural language generation
(NLG) became a key component of Al-generated storytelling and eventually served as an automated method for
turning data sets into stories. By utilizing machine learning models trained on broad datasets, NLG systems generated
human-like language that explained certain insights drawn from the data into a more human-readable format. This
development represented a significant step forward in making data storytelling more accessible and scalable.
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Table 1: Comparison of Al Techniques in Data Storytelling
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Recent Findings and Advancements

Accordingly, the amount of research performed on Al-driven data storytelling is rapidly increasing. Many
components of how Al works with data storytelling have been researched thoroughly, from Al models alone to the
wider impact of narrative automation.

One avenue of research has been the development of increasingly complex machine learning algorithms able to tackle
datasets that are becoming increasingly complex. As an example, the implementation of deep learning techniques
using layered neural networks show potential in re J& gnizing subtle patterns and relationships in data that traditional

techniques may notl. 10 Research News and Developments

This surge in interest in Al-driven data storytelling is matched by a period of rapid growth in research in this area.
Much has been written on the specific technical capabilities of various Al modalities when it comes to data
storytelling, as well as the implications of automating narrative generation more broadly.

These advances have focused on building more powerful machine learning algorithms that can leverage increasingly
complex, structured datasets. An instance is the approach introduced by deep learning methods using multiple-layered
neural networks that can perceive tiny patterns and dependencies in input data that are difficult, if not impossible, to
track via classical approaches.

Research on this topic is growing quickly, which reflects the increasing interest in Al-driven data storytelling. Many
aspects of how artificial intelligence operates within data storytelling have been subject to vast amounts of research,
from the specific technical abilities of specific models to the broader implications of automating aspects of story
composition.

One field of study has been the development of increasingly sophisticated machine learning algorithms that can deal

with increasingly complex data. The use of multi-layered neural networks in deep learning methods, for example,
have shown promise in identifying subtle relationships and patterns in data that traditional methods may not detect.
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Important Difficulties in Al-Powered Data Narration

Nevertheless, despite great progress there remain several barriers to the integration of Al into data storytelling. This
constitutes one of the main challenges: the interpretability of Al models. Stories and patterns may certainly be created
by Al, but for the rest of us this will remain black-boxed, and as a consumer you will not know (or you may know but
will not fully understand) how you came to certain conclusions. This opacity can foster distrust in high-stakes
industries such as banking and healthcare, where decision-makers need to fully understand the basis of the insights
they are provided with.

Another challenge is the quality of data used to train Al algorithms. Al data storytelling works best only when
underlying data quality is sound. Tales spun from artificial intelligence could also be mendacious if the data is slanted,
stale or lacking. Therefore, data quality must be ensured, but this is a challenging task.

Finally, the automation of data storytelling raises questions about the role of human analysts. In the context of Al
having the ability to enhance and broaden the storytelling process, however, there is a concern that over-automation
will reduce the requirement for human know-how. The one in particular that | care about is the fact that in many
domains, it is necessary to make complex decisions and to have domain-specific knowledge to analyze the data and
tell the story.

METHODOLOGY
Al Techniques and Tools in Data Storytelling

In this section, we cover the different Al tools/techniques used in data storytelling enhancement and automation. The
methodology consists of three main components: data preprocessing and pattern detection, narrative generation using
Natural Language Generation (NLG), and visualization powered by Avrtificial Intelligence.

Preprocessing and Recognizing Patterns in Data

Step 1: Data Preprocessing — The Al-driven Data Storytelling Process This step includes preparing and cleaning the
data along with arranging it in a format that is easier to analyze. Common Al techniques such as data imputation,
normalization and feature extraction may be applied to deal with missing data, outliers and noise. Then machine
learning algorithms, especially deep learning based algorithms, are used to find patterns and correlations between the
data.

One popular approach to finding underlying features/structures in the data is to use unsupervised learning algorithms
like clustering and dimensionality reduction techniques. For instance, clustering techniques like k-means or
hierarchical clustering can help grouping the similar data points together which ultimately help to identify the trends
or anomalies more conveniently. Various techniques like Principal Component Analysis (PCA) and t-Distributed
Stochastic Neighbor Embedding (t-SNE) are also used for a metric reduction for transforming complexities into
simpler forms without losing the underlying patterns.

NLG [Natural Language Generation] to Construct Narratives

After identifying patterns, the next part is to generate stories, explains these patterns in human readable form. Natural
Language Generation (NLG) can aid us here. NLG systems employ Al to convert structured data into natural
language text that appears to have been written by a human. Since these systems are generally trained on large natural
text corpora, they are capable of producing linguistically coherent and contextually relevant passages.

NLG process consists of five consecutive stages: content determination, document structuring, sentence aggregation,
lexicalization, and surface realization. During the content decision step, the system makes a decision on the most
relevant facts and insights to include in the story.

Sentence aggregation compresses relevant information in concise sentences, and document structuring allows to put
insights into a logical order. Surface realization (or surface generation) refers to generating grammatical sentences in
the end while lexicalization uses the right words to express the insights.
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Recent NLG models can generate highly intricate narratives that captivate the reader while still delivering the
necessary content, such as the transformer architecture-based GPT-4 model. Such algorithms could be tailored to
specific industry needs (e.g., marketing, banking, or healthcare) to ensure that the stories generated are factual and
relevant in the given context.

Visualization Powered by Al

You need visualization to tell stories from data because as it pictorially represents the data, it enhances the narrative
and makes it more interesting and makes sense. Depending on the data and the target audience, Al-powered
visualization tools can automatically select appropriate visual formats (graphs, charts, or infographics). These tools
often employ machine learning methods to adjust the visuals on-the-fly when a user filters, zooms, or drills down into
an element of the data.

One of the primary benefits of Al-powered visualization is its ability to manage complex, multidimensional data. Al,
for example, can generate interactive visualizations that allow users to explore different aspects of the data: to vary
its parameters or to observe it from different perspectives. Besides making the user more accessible, this interactivity
gives the consumer more leverage to pull insights that might not be evident by narrative alone.

Visual analytics—integrated analytical and visual exploration of data through automation—is a common source of
techniques for Al-assisted visualization systems. In fact, using this approach allows users to leverage the benefits of
both Al and human intuition, resulting in a deeper and more insightful analysis of the data.

Case Study: Using Al to Tell Financial Data Stories

To give you a flavour of Al in data storytelling, here is a financial case study. Financial services have long been at
the forefront of Al technology adoption due to the need to analyze massive amounts of data, in real-time, to produce
actionable intelligence. Al in financial reporting and investment research has been one of the most compelling
validations of Al's ability to tell dynamic data stories to facilitate better decision making.

Historical Context

Every Single Day, thousands of pieces of data ranging from trading volumes, and stock prices to economic indicators
and corporate earnings reports are created in the financial industry. Manually analyzing this data is tedious, error-
prone, which could result in missed prospects or bad investment decisions. These led many financial institutions to
adopt Al to ease and automated the process of data x and storytelling with data in order to make sense of these data
challenges.

For instance, one of the emerging use cases of Al is earnings report generation. In the past, a financial analyst would
scrutinise a company’s quarter or annual financial accounts, derive key performance indicators from these accounts,
and produce a narrative report on company performance. Depending on the size and complexity of the dataset, this
can sometimes be a matter of a few days, but sometimes it can take weeks depending on the current work load of the
analyst.

The process is vastly accelerated by Al-powered technologies. Als can generate a full profits report at the push of a
button today, sifting through financial data and distilling important insights. These solutions leverage Natural
Language Generation (NLG) to produce narratives that describe a firm’s financial outcome, highlights trends, and
makes predictions about future performance.

Methodology
In this post, we will showcase a use-case centered on Al powered analytics Narration in a premium Financial Services
company. Machine learning algorithms and NLG techniques were applied together to build the application which

generates investment research and earnings reports.

There were multiple important steps involved, including:
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Data collection and cleaning: By connecting its data warehouse and Al system and providing real-time access to
financial data, the company also integrated its data with the Al system. This consisted of data from income statements,
balance sheets, cash flow statements, and relevant market data, including stock prices and economic indicators Data
was cleaned for missing values, metrics were standardized across various businesses and historical data was
aggregated to view the trends.

Pattern Recognizing and Understanding: Machine learning techniques were used to recognize patterns and
relationships in the financial data. The technology might identify patterns in debt levels, profit margins, revenue
growth, for example.” It could also identify suspicious behavior that would need to be investigated further, such as
sharp declines in income or unexpected fluctuations in expenses.

Generating the Narrative: The NLG module of the system created an analytical report after the analysis was
completed. This report analyses business performance, important trends of its analysis and future performance with
respect to identified patterns. The story was rewritten and its level of detail tweaked for various audiences, including
investors, executives and regulators.

Visualisation: The Al tool generated visuals of the company’s financial success across the years to help in narrating
the story. These were based on scatterplots displaying correlations among various financial metrics, bar types that
were used to compare costs across various quarters, and line charts that depicted revenue growth. The graphics were
interactive, so users could dive into the data in greater detail.

Results

Here are some of the key benefits of implementing the Al-driven data storytelling tool that we delivered to the financial
services company:

Efficiency — We are now able to report profits in few minutes vs. days. This meant analysts had time to focus on
more strategic activities like examining the insights produced by the Al system and speaking with clients.

Accuracy: Moving through large amounts of data, Al systems minimized human errors by recognizing significant
patterns. The methodology produced objective and consistent narratives on which to develop credible decision-
making.

Scalability: The Ai Technology allowed the company to generate bank earning reports for more companies than they
would be ever able to produce. This scalability was especially useful during earnings season, when the volume of
reports rose sharply.

Customized: The Al system could customize stories and visuals for diverse audiences, so each stakeholder received
the information that was most relevant to them. This personalisation led to an increase in the responsiveness of users,
along with timing improvements for the reports.

Discussion

But the financial industry’s success with this Al-powered an data storytelling tool is exposing several key factors that
can enable the wider use of Al in the data storytelling process:

Interoperability with Other Systems — The ability of Al powered storytelling tools to easily connect to existing data
infrastructures will ultimately decide how useful these tools will be. One of the keys to the success of the case study
was the interface of the Al system to the company's data warehouse, which provided real-time access to financial data
and ensured that the narratives were based on the latest data.

* Interpretation and Credibility: Although the Al tool significantly improved the accuracy and productivity of the
marketing team, the company recognized the importance of people as final and trusted interpreters.

* Analysts were involved in the narratives produced by the Al system, to ensure that the Al outputs were accurate and
in line with the findings of the firm. This approach ensured that the final reports featured both the machine's
interpretation and human evaluation, ultimately bolstering confidence in the Al tool itself.
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* Ethical Concerns: The integration of Al in financial reporting raised widespread ethical concerns, primarily issues
of transparency and accountability. To alleviate these concerns, the company implemented policies to ensure human
analysts would always retain responsibility for final conclusions and decision-making processes within the Al system
would be transparent.

Table 2: Case Studies of Al-Driven Data Storytelling

Al Techniques
Case Study Industry Used Outcome Challenges
Company A Marketing Natural Improved customer Ensuring data quality and
Language engagement through reducing bias in
Generation (NLG)  personalized campaigns. recommendations.
Company B Finance Machine Automated financial Regulatory compliance and
Learning (ML) reports with high interpretability of results.
accuracy.
News Journalism Deep Learning Real-time news Balancing automation with
Organization X (DL) generation with human editorial oversight.
automated insights.
Healthcare Healthcare Explainable Al Enhanced diagnostic Maintaining transparency
Institution Y (XAl tools with transparent without sacrificing accuracy.

decision-making.

Al's Drawbacks and Obstacles in Data Storytelling

Although Al-driven data storytelling has many advantages, in order to fully realize its potential, a number of issues
and restrictions must be resolved.

Bias and Data Quality

One of the biggest challenges in Al-driven data storytelling is ensuring the quality of the data being used in the
training and informing of Al models. The inner workings of the narrative process are best described as logic-based
systems, but the importance of high-quality inputs is critical to the process; otherwise, both data data analysis and
storytelling will only be compromised by poor quality data. Moreover, Al systems may perpetuate or even amplify
existing biases in the data. An Al model could result in biased or unfair outcomes for instance if it is trained on data
that is overly representative of some population. One manifestation may be in the stories the model tells.

Two key elements need to be established to mitigate these risks: strong data governance procedures. These must
include regular audits of the quality of the data and the use of techniques such as bias detection and mitigation.
Moreover, the decision-making process by the Al must be transparent in order to ensure that the end-consumer has
faith in the results and understands how insights are derived.

Transparency and Interpretability

Models of artificial intelligence are never to be confused; whilst they are related they are also complex, especially
deep learning models. The “black box™ nature of Al is a challenge for the discipline of data storytelling as users will
not always understand the rationale behind the specific advice or inferences given by the Al. This lack of transparency
can build up distrust particularly in sectors like law, banking, or healthcare where interpretability is highly important.
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It is imperative that researchers and practitioners find means to increase the explainability of Al models to address
this challenge. Explainable Al (XAl) and other similar techniques strive to enhance the transparency of Al systems in
terms of their decision-making processes by giving users an understanding of how the model came to a specific
decision. As interpretability and verifiability are two important properties of explainability which strengthen our trust
with the data context of data storytelling, we can use some of the aforementioned explainability qualities to help us
tell convincing stories through Al.

Cooperation Between Humans and Al

Al can enhance and automate the data storytelling process, but it can never replace human intelligence. So, while Al
systems are fantastic at processing very large sets of data, seeking patterns, and constructing narratives, they lack the
contextual ground truth and complex reading of the situation that human analists have. Data storytelling often requires
a blend of human interpretation and Al-derived insights.

But organizations should approach it in a collective manner, using A.l. tools so we can be more than human, not so
we can be less than human, to achieve the best results. Using this, human analysts can focus on more complex tasks
such as interpreting the insights generated by Al, leveraging domain expertise, and crafting compelling narratives to
meet the needs of target audiences.

Regulation and Ethical Issues

With the increasing utilization of Al to tell stories from our data, the ethical and legal questions become more and
more pertinent. Al Systems should be developed and deployed according to ethical standards like fairness,
responsibility, and transparency. Additional safeguards include ensuring that their use of Al is consistent with all
relevant policies and compliance regulations, including data privacy and industry-specific regulations.

Data storytelling powered by Al also raises ethical concerns around what it can mean for society. This may lead to
the removal of data storytellers or some narrative experts as their pay may be reduced significantly, as the narration
is primarily being generated by algorithms. There are steps companies can take to put themselves on an ethical journey
toward the implementation of Al and address the negative impact on workers and society.

Prospective Courses

Al-driven information storytelling is relatively new, so there is significant opportunity for additional inquiry and
development in this field. Here are some of the most important factors that will likely impact the future of this field:

The resulting evidence fits well with the theorems alluded to in Section

The quality and sophistication of NLG systems will then increase substantially as Al models develop and cross more
advanced thresholds. In a few years time, it'll be possible for language generation graphics to generate when it
generalizes over tropos much like human prose. These developments will make Al-enabled tools in corporate
communications, marketing, journalism, or industries more powerful by giving them the ability to tell compelling and
convincing stories from data.

Storytelling using Multimodal Data

Integrating multimodal data sources into Al-driven storytelling is an interesting new area of research. Most current
Al-powered data storytelling tools are focused on structured data, such as numbers and text. However, unstructured
data, such as images, videos, and audio, is increasingly being used in stories. By combining insights from multiple
sources of data, Al systems will continue to deliver richer, more engaging stories that will provide a deeper
understanding of the data.

Adaptive and Interactive Narration

Interactive storytelling is a novel concept in which users can engage with and explore the narrative, and it will likely
become increasingly popular in the future. Al-driven solutions will slowly open up interactivity that lets users stop
the show and customize the narrative, experiment with what-if scenarios, and explore the tears of different data points.
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Al systems might also be capable of much greater adaptability, changing the narrative on the fly in response to a
user’s remarks or changes in the data.

Responsibly Innovating and Ethical Al

These technologies are going to evolve in tandem and as Al will become more sophisticated for the purposes of data
storytelling ethical Al, responsible innovation come into prominence. Future research will likely be centered on
developing frameworks and policies that ensure Al systems are designed and deployed in fair, transparent, and
accountable ways. This includes addressing challenges like bias, privacy, and how the adoption of Al affects society.

CONCLUSION

Al Integrations; A Milestone In Data Storytelling Comment by automating and optimizing the narrative workflow,
Al-based solutions can offer levels of efficiency, precision, and scale — unsurpassed. These tools could potentially
help firms make better decisions, engage their textured audiences, and remain relevant to the market as we move
toward this new and improved data-driven environment.

Nonetheless, data storytelling using Al has its own set of hurdles. We should better evaluate issues like data quality,
interpretability, and ethics in order for Al's benefits to be maximised. Also, it can be useful to remember that Al is a
tool that augments human abilities rather than directly replacing human expertise.
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