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In this era of data-driven business, information processing is a challenge as well as
an opportunity for business firms and society as a whole. Data visualisation techniques
have emerged as the best-fit solution to these dynamic challenges of information processing
and information management. Visualisation methods also have a profound impact on data
collection, data quality, data presentation, and the decision-making process of e-commerce
firms in particular, and on society in general.The primary objective of this study is to explore
the impact of data visualisation techniques on the decision-making process for e-commerce
business firms. The sub-tasks include the role and magnitude of effective data visualisations,
their benefits and drawbacks for the decision-making process, identification of factors affecting
the data visualisation quality, and identifying the emerging data visualisation techniques for
an effective decision-making process. The methodology of this research study includes qualitative
as well as quantitative methods. We adopt a theoretical framework and perform an assessment
with a case study to validate the impact of data visualisation on the decision-making process.
This mixed-method approach provides multi-dimensional insights for the research study, it helps
us to assess the decision-making process theoretically as well as empirically. The mixed method
also jointly assesses the decision-making process within the context of the data visualisation
techniques. The primary contribution of this research study is to explore the relationship between
data visualisation techniques and the decision-making process of e-commerce firms. The research
study explores data visualisation techniques, assesses the quality of information available for
decision-making, develops a theoretical framework to upscale data visualisation, and also
examines emerging visualisation techniques like augmented reality (AR), virtual reality (VR),
and explainable Al visualisations. The study thoroughly investigates the role of data visualisation
techniques to enhance the decision-making process. It also provides a theoretical framework
to facilitate information quality for effective decision-making with emerging data visualisation
methods. The research provides insights on data visualisation techniques within the context
of the decision-making process of business firms. The research also provides an assessment for
data quality, data presentation and lists appropriate visualisation techniques for each goal.

Key words: data analytics, visualization tools, decision support systems, graphical
representation, performance metrics, information management.

Hecmepog B. @. Buznauenns eéniugy memooie gizyanizauii 0aHux Ha npoyecu npuiiHamms
oOi3nec-piniens

YV menepiwniii uac, xonu ceim Hacuuenutl Oanumu, 00poOKa IHGopmayii € SUKIUKOM,
a Maxoc Moxcausicmio 015 Oizuecy i cycninbcmea 8 yinomy. Memoou eisyanizayii danux cmanu
HaUKpawum pitieHHam 071 eupiuleHHst npobiem obpobxu ma ynpasninus ingpopmayiero. Memoou
8I3yani3ayii maxKodic Maroms 2IUOOKUU 6NIUE HA 30Ip OAHUX, IX AKICMb, NPeOCMasienHs i npoyec
NPUiHAMmMS pilieHb KOMNAHIIMU Y chepi enekmpoHHoi Komepyii, 30Kpema, i Ha CYCRilbCmeo
6 yinomy. OCHOBHA Mema Yb020 OOCTIONHCEHHA NONAAE Y BUSHAYEHHT 6NAUEY MemODi8 8i3yai-
3ayii 0AHUX HA NPUTIHAMMS PiUleHb Y KOMNAHISX, WO 3aUMArOmscsl eleKmpPOHHOK KOMEPYIEN.
3asoanna cmammi éxknOUAOMb 6USUEHHS POTi | epekmusHocmi gizyanizayiti OaHux, ii nepe-
8azu ma HeoOiKu 051 NPoYyecy NPULHAMMS PilieHb, GUSHAYEHHs PaKmopis, wo enausams Ha
AKicmb 8I3yanizayii, a MaxKoxc 6UsHAYEHHs 6NIUEY HOBUX MemOOi6 8i3yanizayii Ha epekmusHicmy
npoyecy nputiHammsi piuens. Memooonozis yb02o 00CHIONCEH S KIIOUAE K SKICHI, MAK I Kilb-
Kicni memoou. L1]ob niomeepoumu enaug 8izyanizayii OaHUX Ha npoyec NpUHAMmA piuieHsb oynu
docnidoceri Haykoei nyonixayii i poensinymi npukiaou. Lleil smiwanuii nioxio zabesneuye baza-
MOBUMIPHE PO3YMIHHA 63AEMO38 A3Ki6, WO OONOMA2AE OYIHUMU NPOYeC NPUUHAMMS PilUeHb K
MeopemuyHo, Max i eMnipUYHO. SMIUAHUL MEMOO MAKONC CRIIbHO OYIHIOE NPOYEC NPULIHAMMS
piuienv y Koumexcmi memodig gizyanizayii oanux. OCHOBHUM BHECKOM Yb020 OOCNIONHCEHHs
€ BUBYEHHSL 36 S3KY MIJIC MemoOamu 8i3yanizayii Oanux i npoyecom npuiiHAMms pilleHb KoMna-
HIAMU efIeKmpPOHHOI Komepyii. YV 00caiodcenti po3enanymo memoou gizyanizayii 0aHux, Hadana
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OYiHKa Axocmi iHgopmayii, wo docmynHa 0N NPUUHAMMS piuleHb, PO3POOLEHO MeoPEemuyHy
OCHOBY 0151 BUCOKOAKICHOI 8I3yanizayii 0anux, a makodxic 6U4eHo HO8i Memoou 6i3yanizayii, maxi
5K donosHena (AR) ma eipmyanvha peanvhicmo (VR), a maxodc pivieHHs Ha OCHO8I WNYYHO20
inmenexmy. Pemenvro 0ocniodceno pois memoois sizyanizayii Oanux 0Jis NOKPaujeHHs npoyecy
npuiHAMmMA pivieHs. JJOCHiONCeHHA MaKodic 3a0e3neuye oYinKy AKoCmi OaHux, npeocmagneHHs
OaHux i nepepaxosye 8ION0GIOHI Memoou 8i3yanizayii Ons KOHCHOL Yiii.

Knrwwuoei cnosa: ananimuxka oauux, 3acobu isyanisayii, cucmemu niOmMpumMKy nputiHAmms
piuiens, epagiune npedcmasients, NOKASHUKU eqheKMUBHOCMI, YIPAGLIHHA IHopmayicio.

Introduction. Information visualization in business decision-making is a multidisci-
plinary phenomenon that remains poorly understood due to its integration of knowledge
from various conventional and analytical disciplines, including information technology,
business studies, cognitive psychology, architecture, art theory, philosophy, design pro-
fession, and other social sciences. Muhovi¢ (1997) highlighted that the statistical rise
in image data since the 1970s has prompted a fresh comprehension of the significance
of pictures in cognitive processes, leading to a surge in scientific studies of information
visualization across separate fields like psychology, art theory, philosophy, information
technology, and management of information systems. Current research in information
visualization primarily focuses on empirical methodologies and applications aimed at
designing effective visualizations (Liu et al., 2014).

Problem statement. The influence of information visualization on business deci-
sion-making is multifaceted and complex. Visually representing data can offer several
benefits, including facilitating pattern recognition, uncovering hidden trends and rela-
tionships, and communicating intricate information more effectively. Well-designed
visualizations have the potential to make large datasets more accessible, enabling deci-
sion-makers to swiftly identify key insights and anomalies that may have been obscured
in raw numerical data. Additionally, information visualization can aid in conveying
findings and recommendations to stakeholders, fostering a shared understanding and
facilitating more informed decision-making processes.

However, it is crucial to acknowledge the potential pitfalls associated with infor-
mation visualization. Poorly designed or misinterpreted visualizations can inadvert-
ently distort or obscure vital information, leading to flawed decision-making outcomes.
Furthermore, the effectiveness of information visualization can be impacted by several
things, such as the intricacy of the data, the decision-maker's level of expertise, and the
specific visualization techniques employed.

Given the profound impact that information visualization can have on business deci-
sion-making, it is imperative to develop a comprehensive understanding of the factors
that contribute to its effectiveness and the specific ways in which it can improve the
quality of information provided to decision-makers.. By addressing these considera-
tions, businesses can leverage the power of information visualization to enable more
informed and data-driven decision-making processes.

Analysis of recent research and publications. The role of information visualiza-
tion in enhancing decision-making processes has been extensively studied across var-
ious domains, including business, finance, and healthcare. Numerous researchers have
investigated the potential benefits and challenges associated with employing visual rep-
resentations of data to support decision-making.

Information visualization has been found to facilitate cognitive processes involved
in decision-making, such as pattern recognition [1], trend identification [2], and insight
generation. The research [3] demonstrated that graphical representations of data can
improve decision-making performance by enhancing the decision-maker's ability to
extract relevant information and identify relationships within the data. Similarly [4],
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found that well-designed visualizations can reduce cognitive load and improve decision
accuracy, particularly in complex decision scenarios.

The efficacy of information visualization in decision-making has been attributed
to several factors. Firstly, visualizations leverage the human visual system's ability to
process and interpret visual information more efficiently than raw numerical data [5].
Secondly, effective visualizations may highlight patterns, trends, and outliers that are
difficult to recognise from tabular data representations [6]. Additionally, visualizations
can facilitate the communication and sharing of insights among decision-makers, fos-
tering collaboration and consensus-building.

However, research has also highlighted potential pitfalls and limitations associated
with information visualization in decision-making contexts. Poorly designed or inap-
propriate visualizations can mislead decision-makers, leading to erroneous conclusions
or decisions [7]. Furthermore, the effectiveness of visualizations may be inclined by
individual differences, such as the decision-maker's level of expertise, cognitive abili-
ties [8], and familiarity with the visualization techniques employed [9].

Researchers have also explored the interplay between information visualization and
decision-making processes within specific business contexts. For instance, in the realm
of finance and investment, visualizations have been found to aid in identifying mar-
ket trends [10], evaluating portfolio performance [11], and communicating investment
strategies [12]. In supply chain management, visualizations have been employed to opti-
mize resource allocation, monitor inventory levels, and identify bottlenecks in logistics
operations [13].

Despite the substantial body of research on information visualization and deci-
sion-making, further research is needed on the precise aspects that contribute to the
usefulness of visualisations in business decision-making processes.. Additionally, the
impact of emerging visualization techniques, such as interactive and immersive visual-
izations, on decision-making quality warrants exploration.

Task statement. This research aims to explore the intricate relationship between
information visualization and quality of information in corporate decision-making pro-
cesses. By analysing actual data and theoretical frameworks, this study seeks to pro-
vide insights into optimizing the use of information visualization techniques, ultimately
empowering organizations to make more informed and data-driven decisions.

Results. Data visualization involves representing data or information in visual for-
mats like charts, graphs, maps, and diagrams. The main purpose is to effectively com-
municate complex datasets or insights in a way that is easy for the human brain to under-
stand and process. Well-designed visualizations can reveal patterns, trends, outliers, and
relationships inside data that may not be readily apparent from raw numbers alone. This
aids in exploratory data analysis and gaining meaningful insights from the information.
Beyond just exploring data, visualizations are powerful tools for communicate informa-
tion effectively and simply to both technical and non-technical audiences. Techniques
like line charts, bar graphs, scatter plots, and histograms allow for identifying trends
over time, making comparisons across categories, and visualizing the distribution of
values. Maps and location-based visualizations are particularly useful for displaying
geographic or spatial data. Interactive dashboards that incorporate various chart types
can enable monitoring of key metrics and tracking changes dynamically.

Combining visualizations with narratives can help communicate findings, conclusions,
or messages from data analysis in a compelling and memorable way. Common visuali-
zation tools and techniques include charts, plots, diagrams, dashboards, and increasingly
advanced interactive and dynamic methods. Effective visual representations facilitate
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data-driven decision-making across numerous domains, from business intelligence to
scientific research and data journalism [14]. Ultimately, visualizing data leverages the
human brain's ability to process visual information efficiently. By presenting data visually,
patterns and insights can be derived more easily compared to working with raw numbers
or tables alone. As data volumes continue to grow, the importance of data visualization
in understanding and communicating insights from complex datasets will only increase.
Data visualization techniques play an important role in businesses across various func-
tions and industries. Here are some common data visualization techniques used in busi-
ness settings:

Dashboards
Finaneial and Scqrecards Customer
Visualizations Analytics and
T \ / Sentiment Analysis
Hlmiﬂ-m \ Data Visuallzation Presentations
Imtelligence (BI) —— Techniques and Reports
and Data
Exploration
Sales \\\ _
i Operatons
and Marketing P 5

and Supply Chain

Visualizations = P
Visualizations

Fig. 1. Data Visualization Techniques in Business

1. Dashboards and Scorecards: Executive dashboards provide an at-a-glance view
of key performance indicators (KPIs) and metrics through charts, gauges, and score-
cards. These visualizations help monitor business performance, track goals, and identify
areas that require attention.

2. Financial Visualizations: Line charts and candlestick charts are used to visualize
stock prices, trading volumes, and financial trends over time. Pie charts and bar charts
can represent revenue streams, expenses, and budget allocations.

3. Sales and Marketing Visualizations: Geographical maps and heat maps are used to
visualize sales data, customer locations, and market penetration. Funnel charts illustrate
the customer journey, conversion rates, and drop-off points in the sales pipeline. Bar charts
and histograms can display product sales, website traffic, and campaign performance.

4. Operations and Supply Chain Visualizations: Gantt charts help plan and track
project timelines, tasks, and resource allocation. Sankey diagrams visualize the flow
of materials, products, or resources through different stages of a supply chain. Control
charts and run charts are used for quality control and process monitoring.

5. Customer Analytics and Sentiment Analysis: Word clouds and tag clouds visually
represent customer feedback, opinions, and sentiments from social media or reviews.
Scatter plots and correlation matrices can identify relationships between customer
attributes and behaviors.

6. Business Intelligence (BI) and Data Exploration: Interactive dashboards and
data visualization tools (e.g., Tableau, Power BI, Qlik) combine multiple visualizations
for data exploration and analysis. These tools enable drill-down, filtering, and slicing of
data to uncover insights and patterns.
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7. Presentations and Reports: Well-designed charts, graphs, and infographics are
commonly used in business presentations and reports to effectively communicate data-
driven insights and findings to stakeholders.

Data visualization plays a pivotal role in facilitating informed decision-making pro-
cesses across various domains. By transforming complex datasets into visually compel-
ling representations, such as charts, graphs, maps, and diagrams, data visualization tech-
niques enable decision-makers to quickly grasp patterns, trends, and relationships that
may be obscured within raw numerical data. Well-designed visualizations act as power-
ful tools for communicating insights and fostering a shared understanding among stake-
holders, ultimately supporting more data-driven and collaborative decision-making.

Moreover, data visualization is particularly valuable in situations where deci-
sion-makers need to analyze and interpret large volumes of data from multiple sources.
Interactive dashboards and dynamic visualizations can real-time insight into important
metrics and performance indicators allows decision-makers to monitor vital elements.
and respond promptly to emerging trends or anomalies. Additionally, data visualization
techniques can aid in scenario analysis and forecasting, allowing decision-makers to
explore potential outcomes and evaluate the impact of various decisions before imple-
mentation. Data visualization [15] enables decision-makers by taking use of the human
brain's capacity to efficiently interpret visual information to derive insights more effec-
tively and make better-informed choices based on the available data. Here are some key
ways in which data visualization supports effective decision-making:

Identifying Patterns and Trends. Visualizations like line charts, scatter plots, and
time-series graphs help decision-makers quickly identify patterns, trends, seasonality,
and outliers in data. These insights can inform decisions related to forecasting, strategic
planning, and identifying areas for improvement or optimization.

Comparing Performance and Metrics. Bar charts, pie charts, and radar charts allow
decision-makers to easily compare performance across different categories, regions,
products, or time periods. This comparative analysis supports data-driven decisions
related to resource allocation, investment prioritization, and performance evaluation.

Monitoring Key Indicators. Dashboards and scorecard visualizations provide at-a-
glance visibility into key performance indicators (KPIs) and metrics. Decision-makers
can monitor these critical measures in real-time, enabling timely and informed decisions
based on the current state of the business.

Exploring Relationships and Correlations. Scatter plots, correlation matrices, and
advanced visualizations like parallel coordinates can help uncover relationships, cor-
relations, and interdependencies between different variables or factors. These insights
support decisions related to root cause analysis, risk assessment, and understanding the
impact of potential changes.

Communicating Insights Effectively. Well-designed visualizations can effectively
communicate complex data, findings, and recommendations to stakeholders, includ-
ing non-technical decision-makers. Clear visual representations facilitate buy-in, align-
ment, and informed decision-making across teams and organizations.

Facilitating Data-Driven Storytelling. By combining visualizations with narratives,
decision-makers can create compelling data stories that provide context, highlight key
insights, and support their recommendations or decisions with evidence-based argu-
ments.

Enabling Interactive Exploration. Advanced data visualization tools and dashboards
allow decision-makers to interactively explore data, ask "what-if" questions, and dynam-
ically analyze the impact of different scenarios or assumptions before making decisions.
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Fig. 2. Decision Making using Data Visualization

Data visualization has become an indispensable tool for businesses, significantly
enhancing the decision-making process across various functions and levels. By trans-
forming complex datasets into clear and visually appealing representations, visualiza-
tions empower decision-makers to rapidly identify patterns, trends, and insights that
may be obscured in raw data. This accelerated analysis and improved understanding
of underlying factors and relationships enable more informed and accurate decisions.
Moreover, well-designed visualizations serve as a universal language, facilitating effec-
tive communication and collaboration among teams and stakeholders, fostering align-
ment and consensus-building. Dashboards and scorecards highlight critical metrics and
key performance indicators, allowing decision-makers to quickly pinpoint areas requir-
ing attention or prioritization. This focused approach drives targeted and impactful busi-
ness strategies. Additionally, the ability to create compelling data stories through a com-
bination of visualizations and narratives strengthens the persuasiveness of proposals and
recommendations, aiding in more convincing decision-making processes.

Interactive visualizations and scenario analysis tools empower decision-makers to
explore various "what-if" scenarios, test assumptions, and evaluate the potential impact
of different choices before implementation. This proactive approach supports risk-in-
formed decision-making and encourages a culture of data-driven experimentation [14].
Furthermore, embedded visualizations in reporting systems enable continuous moni-
toring of decision outcomes, enabling agile course correction and driving a cycle of
continuous improvement in decision-making processes. Data visualization has become
a powerful catalyst for data-driven decision-making in businesses, enhancing analytical
capabilities, fostering collaboration, and enabling more informed, strategic, and adap-
tive choices that drive better performance and competitive advantage.
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Table 1
Impact of Data Visualization of Decision Making
Title Key Findings/Contributions Tool/"{fsil:inlque Purpose
Proposed a framework for Develop a
"Narrative designing effective narrative Narrative framework for
Visualization: visualizations that combine visualization effective data
Telling Stories data, visuals, and textual design principles storytelling
with Data" elements to create compelling | and techniques through
data-driven stories. visualizations.
"Visual Analytics Developed a v1.sual anglytlcs . . Prov1c}e a visual
.. system for interactive Visual analytics | analytics system
for Decision- . . )
o exploration and analysis of system with for enhanced
Making in : . : . .
. business data, enabling better interactive business
Business - o . N . .
Intelligence" decision support and insights | visualizations 1nte.311'1gence and
discovery. decision support.
"The Role of Data Exgmlnfzd the impact of Qata Evaluate the
; o visualization on strategic Dashboards .
Visualization .. . . impact of data
. . decision-making processes in and data . L
in Strategic . ORI . N visualization on
o . a retail company, highlighting | visualization . .
Decision-Making: . : strategic decision-
improved understanding, tools (e.g., o .
A Case Study of a . making in a retail
. " communication, and Tableau)
Retail Company . company.
alignment.
"Enhancing Proposed a novel interactive
. . LR . Custom Develop an
Financial visualization tool for financial . . : .
.. . . . interactive Interactive
Decision-Making | data analysis, demonstrating R LT
. . . . . . visualization visualization tool
with Interactive | its effectiveness in supporting . .
A . . tool for financial | to support financial
Visualization investment and portfolio It .
" . data decision-making.
Tools management decisions.

"A User-Centric

Developed a user-centric
data visualization framework
tailored for supply chain

User-centric data

Propose a user-
centric data

AP PrO?Ch to Data management, enabling better | visualization visualization
Visualization for o .
. decision-making through framework and framework for
Supply Chain . S a9 .
" improved visibility and tools supply chain
Management .. .
insight into complex supply management.
chain operations.
Explored the potential of
augmented reality (AR .
"  augmen v ( ) Investigate
Augmented visualizations for enhancing
. X - the use of
Reality data-driven decision- .
et S . Augmented augmented reality
Visualization making in manufacturing : RN
} . : reality (AR) visualizations
for Data-Driven | environments, demonstrating R .
: . . visualizations for data-driven
Manufacturing improved efficiency and L .
RN . . decision-making
Decisions accuracy in production

planning and quality control
decisions.

in manufacturing.
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Energy Sector"

resource management, and
environmental impact.

I
Table 1 (continuance)
. . Develop a
e e Presented an interactive oVeop.
Visualizing . N visualization
visualization dashboard for
Customer . . dashboard to
. analyzing customer data Interactive
Behavior ; T - Lo support targeted
and identifying customer visualization .
for Targeted . . marketing
. segments, informing targeted dashboard .
Marketing . > decisions based
e marketing strategies and
Decisions : o, on customer data
campaign decisions. :
analysis.
Developed an immersive
"Immersive Data data visualization system . Explore the use
T ) . : Virtual . .
Visualization for leveraging virtual reality . of virtual reality
. . reality (VR) . .
Collaborative (VR) technology, enabling | . . for immersive
- ) . . immersive data T
Decision-Making collaborative exploration ol data visualization
g .. : visualization .
in Virtual and decision-making among and collaborative
. " . . system .. .
Environments dispersed teams in a shared decision-making.
virtual environment.
Proposed a framework for
SRR . Develop a
visualizing explainable framework for
"Explainable Al Al models in healthcare, . L
T . Explainable Al visualizing
Visualizations supporting transparent and EARSOP .
S . visualization explainable Al
for Transparent | trustworthy decision-making
- . o framework and | models to support
Decision-Making processes by providing )
. " . L . techniques transparent
in Healthcare interpretable insights into . .
_— decision-making
model predictions and .
. in healthcare.
recommendations.
Examined the use of data
" visualization techniques Explore the use
Data .
Lo to support sustainable Data of data
Visualization . s . Lo LR
: business decisions in the visualization visualization
for Sustainable ) )
Business energy sector, demonstrating tools and for supporting
. how visualizations can techniques for sustainable
Decisions: A . L L . ..
; inform decisions related sustainability | business decisions
Case Study in the . .
to energy efficiency, data in the energy

sector.

According to the literature table, data visualization has been playing an increas-
ingly important role in supporting effective decision-making processes across various
business domains. The studies cover a wide range of applications, including strategic
planning, financial management, supply chain operations, manufacturing, targeted mar-
keting, collaborative decision-making, healthcare, and sustainable business practices in
the energy sector. The research efforts have focused on developing novel visualization
techniques, frameworks, and systems that leverage emerging technologies such as aug-
mented reality (AR), virtual reality (VR), and explainable Al models. These advance-
ments aim to enhance data exploration, communication, and collaboration, enabling
more informed and transparent decision-making. Several studies have emphasized the
importance of user-centric and narrative approaches to data visualization, combining
visuals with textual elements and storytelling techniques to create compelling data-
driven narratives that resonate with decision-makers and stakeholders.
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Conclusions. Data visualization has become an indispensable tool for enhancing
business decision-making processes across various industries and domains. This study
has comprehensively explored the intricate relationship between information visualiza-
tion and the quality of information available to decision-makers. Through an extensive
review of empirical evidence and theoretical frameworks, several key findings have
emerged. First, well-designed visualizations have the remarkable ability to transform
complex datasets into clear and visually appealing representations, enabling deci-
sion-makers to rapidly identify patterns, trends, and insights that may be obscured in
raw numerical data. This accelerated analysis and improved understanding of underly-
ing factors and relationships empower more informed and accurate decision-making.

Second, the study has highlighted the crucial role of data visualization in facilitating
effective communication and collaboration among teams and stakeholders. By present-
ing information in a universal visual language, visualizations foster alignment, consen-
sus-building, and shared understanding, ultimately supporting more collaborative and
inclusive decision-making processes. Furthermore, the research has underscored the
value of interactive visualizations and scenario analysis tools in enabling decision-mak-
ers to explore various "what-if" scenarios, test assumptions, and evaluate the potential
impact of different choices before implementation. This proactive approach supports
risk-informed decision-making and encourages a culture of data-driven experimentation
and continuous improvement.

Additionally, the study has explored the potential of emerging visualization tech-
niques, such as augmented reality (AR), virtual reality (VR), and explainable Al visuali-
zations, in enhancing decision-making processes. These cutting-edge technologies offer
new avenues for immersive data exploration, collaborative decision-making in virtual
environments, and transparent decision-making through interpretable Al models.
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