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ABSTRACT

Data visualization is one of the integral parts of Bl, where business stakeholders understand complex datasets and
use them as inputs for making decisions with data. In this study, six tools, namely Tableau, Power BI, QlikView,
Google Data Studio, and D3.js, were used for evaluation, and comparison was done on issues of usability, data
handling, customization, integration, cost, and support capabilities.
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INTRODUCTION

1.1 Importance of Data Visualization in Business Intelligence

Data visualization is the transformation of raw data into meaningful visual narratives so that quick interpretation and
informed decision-making are enabled. In a Bl context, where massive datasets are produced from various domains of
applications, the understanding of trends, outliers, and correlations can be simplified with visualization tools. According to
a Gartner report in 2019, organizations using data visualization in their Bl processes significantly see an improvement in
their operations efficiencies of 30% (Wongsuphasawat et al., 2017).

Real-time insights are relevant for competitive sectors like finance, retail, or healthcare through visualizations such as
dashboards and interactive graphs. In addition to this, visualization of predictive models actually helps in planning and
forecasting so that business strategy will be aligned with data-driven predictions.

1.2 Evolution of Data Visualization Tools

Data visualization tools have in themselves transformed from static charting systems to interactive and dynamic platforms.
In the early years, tools like Microsoft Excel could only go as far as producing mere bars and pie charts, but the explosion
of big data in the 2000s greatly fueled demands for use of tools that could make complex datasets with lots of advanced
features like drag-and-drop interfaces and predictive analytics (Wang et al., 2016).
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As of 2019, leaders in the market were tools like Tableau and Power Bl which boasted Al-driven insights, seamless cloud
integration, and cross-platform compatibility. Other technologies like D3.js have gained a lot of traction among developers
for custom visualization-building capabilities.

Table 1: Timeline of Major Milestones in Data Visualization Tools

Year Milestone Description
Introduction of Microsoft Prpwdgd b.aS'C
1985 visualization
Excel e
capabilities
Focused on user-
2003 Launch of Tableau Software friendly interactive

dashboards

Open-source library
2009 Emergence of D3.js for creating web-
based visualizations

Introduction of Power BI by Integrated cloud-

2015 . based data
Microsoft . o
visualization for Bl
. . Enabled automated
2017 Al-driven features in insights and natural

Tableau and Power Bl

language queries

1.3 Scope and Objectives of the Research
This paper will elucidate and contrast important data visualization tools that are applied in Bl along with their strength and
weakness. The paper mainly intends to work toward the following objectives:

1.

2.
3.
4.

Tools under various categories will be compared. Categories include open-source tools, commercial tools, and
cloud-based solutions.

Common features of a tool and the unique capability of every tool are going to be figured out.

Market trends and user adoption rates are going to be studied in order to understand the direction ahead.

Presenting business suggestions regarding how to select the appropriate tools for their Bl requirements

The scope of this study encompasses both the technical and non-technical nature of the tools, ensuring an assessment
without favoritism towards one and not biased in its countering towards the other. Meeting these goals and thus directing
organizations towards further refining their approach to data visualization is the purpose of the study (van der Aalst, 2014).
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Power BI Tableau Qlik Sense ThoughtSpot Looker Data Studio

Full-featured Free Version Yes Separate tool Separate tool No No Yes

Development Environment Desktop Desktop Web Browser Implementation Cloud Cloud

R and Python Supported Yes Yes Yes R Only Yes Python Only

Dynamic Cross-filtering Yes Yes Yes No No Yes

Al-enabled Analytics Yes Yes Yes Yes No No

Search Analytics with NLP Yes No Yes Yes No No

Data Prep Tools Yes Separate tool Separate tool Yes No Separate Tool

Data Modeling Tools Yes Separate tool Yes Yes Yes No

Preferred Data Model Star-schema Flat Snowflake Star-schema Flat Star-schema or Snowflake

Database Independent Yes Yes Yes Yes No Yes

Built in Row Level Security Yes Yes Yes No No Yes

Mixed Model Types. Yes No No Yes No Yes

Third-party Data Model Access Yes No No No No No

Commenting & Collaboration Yes Yes Yes Yes No No

Embedded Analytics Yes Yes Yes Yes Yes No

Open-source Custom Visualizations Yes No Yes No Yes No

Native Mobile App Yes Yes Yes Yes Ne Yes
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METHODOLOGY

2.1 Selection Criteria for Tools

The tools selected for this analysis were selected keeping in mind the various usage and feature offerings prevalent, and
also their relevance to business intelligence applications in 2019. Proprietary and open-source tools are included so that a
balanced comparison is made available. Some of the popular proprietary tools, such as Tableau, Power Bl, and QlikView,
have been selected based on their dominance in the commercial space; whereas open-source tools like D3.js have been
picked up for their flexibility and developer-centric design (Tableau Software, 2019).

The inclusion criteria also reflected functionality, including the handling of large datasets, support of varied data sources,
and more sophisticated analytics capabilities (Tang et al., 2017). Some cloud-based tools, such as Google Data Studio, were
also included in the list because SaaS-based Bl platforms are a more recent trend. More market reports, among them
Gartner's Bl Magic Quadrant and Forrester Wave for Analytics, were consulted to find proper market relevance and
reliability of the tools.

2.2 Research Framework

Tools to be compared within this research framework go through an effective multi-step process. Tools were categorized
into three main categories: open-source, commercial, and cloud-based. Tools were then compared and measured against a
standardized set of criteria to maintain the same level of standards across all the tools compared. Key performance metrics
comprise usability, data handling capabilities, customization options, integration abilities, cost-effectiveness, and
community support.

The mixed-method approach incorporated in addition to reviews from users, qualitative and analysis of interfaces along
with the quantitative appraisal of performance in the benchmarking and cost comparisons. The findings were further
validated and framed in the trends by using data from industry reports and academic literature (Stolte et al., 2008).

2.3 Evaluation Metrics
The evaluation metrics need to be developed to measure the effectiveness of the set of tools for the wide variety of
scenarios in business. Key metrics included:

» Ease of Use: Itis accessed based on interface design, intuitiveness, and learning curve for new users.

+ Data Handling Capacities: Determined by the number of data sources supported, the size of datasets handled,
and processing speed.

« Customization and Advanced Features: Evaluated based on the extent of customization available, scripting
support, and integration of advanced analytics such as machine learning models.

« Integration Capabilities: Examined for compatibility with Bl platforms, databases, and APlIs.

»  Cost-Effectiveness: Compared licensing models, subscription fees, and total cost of ownership (TCO).

e Community and Vendor Support: The availability of documentation, tutorials, forums, and dedicated vendor
support (Shneiderman, 2018).

3. Overview of Data Visualization Tools
3.1 Categorization of Tools (Open Source, Commercial, Cloud-Based)
Data visualization tools were categorized into three principal types to ensure an exhaustive comparison:

* Open Source: D3.js and Chart.js are highly flexible tools developers love. They have a tendency to be coded in
and allow maximum customization.

» Commercial: These are proprietary tools that include Tableau, Power BI, and QlikView. The primary focus has
been on user-friendly design, analytics capabilities, and powerful vendor support.

* Cloud-Based: For example, with Google Data Studio, tools offer SaaS-based solutions for smooth co-
collaboration and easy access without heavy on-premise infrastructure.

3.2 Common Features Across Tools
The tools, despite significant differences in licensing and philosophy of design, share similarities in supporting drag-drop
interfaces, allowing access to a lot of different data, and providing the ability to create dashboards and reports. Other
advanced tools popularly have the function of machine learning capability to enable users to predict trends or identify
anomalies (Satyanarayan et al., 2017).
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3.3 Market Trends and Adoption

Data visualization tools by 2019 emerged as integral components of Bl strategies. Gartner reports that, in 2019, cloud-based
BI tool adoption grew at a highly impressive rate. Both scalable and cost-efficient, these tools have seen increased adoption.
This group, however, has not broadly penetrated the space across enterprises; open-source tools tend to be embraced by
smaller organizations and developers for their flexibility. Commercial dominated: Tableau was particularly complimented

for its visual storytelling capabilities and Power Bl for the seamless integration it has made with Microsoft's ecosystem
(Rees & Laramee, 2019).

Table 2: Market Share of Major Data Visualization Tools in 2019

Tool Market Share (%) Primary User Base
Tableau 22.3 Enterprises, Analysts
Power BI 19.8 SMEs, Microsoft
Ecosystem Users
S Enterprises, Data
QlikView 147 Analysts
Google Data Studio 10.4 Freeéz:\]r;(i:ﬁ;,sgyall
D3.js 86 Developlejrs, Technical
sers

Market Share of Major Data Visualization Tools (2019)
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Tools

COMPARATIVE ANALYSIS

4.1 Ease of Use

Interface Design and Usability

Ease of use is an essential requirement for a data visualization tool, especially in cases where the user is nontechnical (Peck
et al., 2019). Tools like Tableau and Power Bl do well in this factor because of intuitive drag-and-drop interfaces, pre-built
templates, and visual storytelling abilities. It boasts that Tableau has a clean interface that would not boggle the analyst's
mind but does provide highly interactive visualizations. Microsoft Power Bl has the benefit of being already integrated with
most other tools that fall under the umbrella of Microsoft Office; hence, it is likely to be an easier choice for those who are
normally comfortable in using Excel. On the other side, open-source tools like D3.js are highly dependent on coding skills.
Although they may provide flexibility and customization options unmatched by others, it is not the best option for newer
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users who require time to master (Park et al., 2016). Google Data Studio, being a cloud-based solution, stands at an
intermediate level of usability, balancing simplicity with the effectiveness of necessary customization options.

Learning Curve for New Users

The learning curve for new users is very different across tools. For commercial tools such as Tableau and Power Bl, there
are very comprehensive tutorials, community forums, and built-in guides to allow users to get started quickly. These
resources greatly shorten the time it takes to become proficient. D3.js requires knowledge of both JavaScript and SVG
concepts, and so will appeal more to developers with a technical background (Murray, 2017).

4.2 Data Handling Capabilities

Data Sources Supported

The degree of connectivity to different data sources determines the versatility of the tool while dealing with complex BI
scenarios. Tableau and Power Bl have the highest degree of support for the widest variety of data sources: relational
databases such as SQL Server and Oracle; cloud services like AWS and Google BigQuery; and flat files, such as Excel and
CSV. QlikView also has data source integration of quite a robust nature with extra in-memory processing capabilities for
faster query performance (Meyer et al., 2012).

While the Google Data Studio is primarily meant to be used with Google's environment, such as Google Analytics or
Google Sheets, this could limit its practical use to enterprises, which depend on services outside of Google to be used for
their operations. Because D3.js is a library, rather than a tool, it can easily produce visualizations for data from almost any
source, as long as the developer preprocesses the data appropriately (Liu et al., 2014).

Scalability and Performance

Scalability is highly required by organizations dealing with large data sets. Tableau's architecture is designed to support
both desktop and server deployments, and so the architecture itself supports scalability in an organization (Kandel et al.,
2012). Power Bl offers a direct query mode, which provides actual-time access to the data without loading the entire dataset
into the memory for far better performance on the large-scale applications.

Whereas D3.js is fully scalable but only needs to be optimally optimized by developers to handle vast datasets, Google
Data Studio performs well for datasets in a small- to medium-sized scope but still fails to support large enterprise-wide
requirements (Heer & Shneiderman, 2012).

4.3 Customization and Advanced Features

Scripting and Customization Options

Customization is the one feature that differentiates one tool from another. Tableau offers very few opportunities to do
scripting using calculated fields but excels in exceptional creation of interactive dashboards without coding. Power Bl
allows users to do advanced manipulations of their data through the use of DAX (Data Analysis Expressions). QlikView is
highly versatile for technical users due to its scripting environment for transforming data (Gotz & Stavropoulos, 2014).
Unmatched customization capabilities: D3.js is impressive with its unparalleled customization capabilities. Here,
developers can design unique visualizations from scratch using JavaScript at a cost of requiring a significant amount of
development time (Gartner, Inc., 2019). Basic options for customization are available in Google Data Studio. Good enough
for small businesses, yet customization is too shallow to implement complex visualizations.

Support for Advanced Analytics

Today, most visualization tools provide advanced analytics capabilities, such as predictive modeling and machine learning
(Fisher et al., 2012). Tableau and Power Bl support Python and R, hence a developer can use them to apply machine
learning algorithms and execute advanced statistical analysis. QlikView has built-in analytics capabilities, but it doesn't
have direct access to use external scripting languages.

4.4 Integration Capabilities

Compatibility with Bl Platforms and Databases

Therefore, the integration capabilities define the extent to which the tool would fit well into an organization's existing Bl
environment. Power Bl will seamlessly integrate with the Microsoft-based ecosystem that consists of Azure, SQL Server,
and Excel, and for this reason, it would go a long way in dealing with the interest of enterprises using products such as
these (Fekete, 2013). Tableau comes close in this aspect with its comparative integration capabilities through various
databases and cloud platforms to ensure compatibility across multiple infrastructures.
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Google Data Studio is aligned more with the use of Google services while being relatively less compatible with non-Google
platforms. Since D3.js is flexible, there is little that prevents such a connection from occurring almost with any data
pipeline or Bl platform, given custom integration development (Ding & Wang, 2017).

API and Third-Party Integration

API support serves to help enable the ability to collaborate with third-party applications. Tableau and Power Bl provide
extensive APIs for automation, dashing dashboard embedding, and bringing in third-party applications. D3.js needs to be
created by developers. That makes it flexible but skill-dependent on technology.

4.5 Cost Efficiency

Licensing Models

Of course, cost is always a big issue: it can be an insurmountable obstacle for small and medium enterprises, but Tableau
and Power Bl are both subscription-based. However, Tableau has placed a premium price on its premium version. Power Bl
has positioned itself with a relatively competitive pricing structure with limited capabilities in its free version and
aggressive price points for enterprise versions (Chen & Zhang, 2016).

Using Google Data Studio is free of charge, thus a great alternative for startups and freelancers. D3.js is free of charge
because it is open-source and doesn't come with licensing fees; however, indirect costs may arise from the need for skilled
developers.

Total Cost of Ownership (TCO)

TCOW sums up the costs of licensing, training, and all the costs of maintenance. Although the upfront investment is costly
for Tableau, its user-friendly interface reduces the time requirement for training, and hence, also minimizes TCO. The
competitive pricing of Power Bl and its integration with the Microsoft tool set decrease the investments to be made by the
organizations already on the Microsoft platform. Though D3.js is free, a greater TCO is associated with it because of the
skilled personnel needed for its development and continuous maintenance.

4.6 Community and Vendor Support

Documentation and Tutorials

Comprehensive documentation with guides and tutorials would hugely reduce the learning curve. Tableau and Power Bl
offer plentiful resources, at the minimum, of official guides, online courses, and community forums for QlikView.
QlikView also does provide great documentation, which is not as easily accessible to newcomers compared to Tableau and
Power Bl (Bostock et al., 2011).

D3.js is not being directly supported by vendors, and Google Data Studio has enough documentation for its quite simple
functionality but does not provide much depth for much more complex use cases.

Support Channels (Forums, Dedicated Support)

Support Level: The support level varies between tools. Tableau and Power Bl have direct customer support options in live
chat and e-mail, exclusive to enterprise users. QlikView has similar options but these are significantly expensive. Open-
source resources like D3.js only rely on community forums and outside sources, which might further prolong the solution
of an issue (Batch & Elmgqvist, 2018).

4.7 User Experience and Accessibility
User experience (UX) and accessibility are good benchmarking parameters for the measurement of data visualization tools.
The usability and accessibility of such tools can have strong impacts on their acceptance in the workplace.

4.7.1 User Interface Design and Intuitiveness

The design of user interface is a key factor that may help determine if a tool can be used effectively. Some of the most
popular tools in this category are famous for their easy dashboarding through a drag-and-drop interface. Tableau and Power
BI, for example, have created dashboards so easy that even the most technically unsophisticated user will understand.

QlikView, on the other hand, is the most powerful tool in this regard and has a steeper learning curve due to its more
complex interface, which can be a barrier to new users (Abbasi & Chen, 2019). Google Data Studio gives a clean straight
interface perfect for quick report building but, of course, limited in its customization depth. It is developer-centric, which
means coding is required; therefore, it might affect the Ul experience for non-technical users.
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4.7.2 Accessibility Features

Accessibility ensures that visualization tools are usable by people with disabilities, such as visual or motor impairments. It
supports screen readers and keyboard navigation, which, therefore makes the power Bl mostly usable for the visually
impaired. Tableau gets better in captioning, accessible visual design, but at the best times, it requires manual adjustability to
achieve higher accessibility. Google Data Studio has basic accessibility features, though very limited and do not seem to
match the higher-level implementation in most commercial tools. D3.js is flexible enough that developers can write
accessible visualizations on their own but does not have built-in access capabilities and must be implemented by a
developer (Wixom et al., 2011).

4.7.3 Ease of Onboarding and Learning Resources

Thorough learning materials are the key to adoption by end-users. Both Tableau and Power Bl provide rich official
tutorials, online courses, and community forums for new users. QlikView delivers rich documentation but is too broad in
scope and needs to be drilled down to better allow users to focus on a targeted training plan (Ware, 2012). Google Data
Studio has a very easy onboarding process with very simple tutorials and is ideal for small business, even a start-up, hence
more likely to adopt such a tool. D3.js is not the best fit in terms of user-friendliness. It has a tough learning curve, so it is
better suited to users with the proper technical background. However, it is open source and also manages an active
community along with provided documentations to support developers (Smith & Volinsky, 2018).

4.7.4 Compliance with Accessibility Standards

Other considerations are standards such as WCAG compliance. Power Bl and Tableau have done a very good job to date of
aligning with the WCAG guidelines to provide for these new requirements for compliance. Google Data Studio has some
accessibility features but does not support them to any particular standard. D3.js is highly flexible, but the developer
themselves is made conscious of the need to incorporate accessibility into their design to adhere to these standards (Alpar &
Schulz, 2016).

4.7.5 Implications for Business Use

Now, companies must stress using data visualization tools that appeal to a broader range of end users so that all staff
members can work on the tool effortlessly regardless of skill and ability. Tools that are strong in UX and accessibility will
not only make the workplace more efficient but also address corporate goals for the inclusiveness and alignment with law.
Ensuring the right choice and a balance between intuitive design, onboarding, and accessibility is therefore important for
creating an inclusive and efficient workplace (Richardson et al., 2019).
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STRENGTHS AND LIMITATIONS OF TOOLS

5.1 Comparative Summary of Key Features

The strengths of each of the data visualization tools mentioned in this research differ and respond to the various needs of
the business users. In the above comparison chart, Tableau with superior features of intuitive visual storytelling stands out
for a data analyst and other decision-makers.

Its potential to build highly dazzling dashboards with minimal effort makes it recommended for enterprises than most other
tools. One very good feature of Power Bl is its integration with the Microsoft ecosystem, which now makes it possible for
analytical services at a relatively low cost. This is specially rewarding for small and medium-sized enterprises (Power,
2016).

QlikView is renowned for its associative data engine, allowing the user to explore relationships dynamically in the data.
This is very important for discovering hidden patterns in complex datasets. While Google Data Studio is less functional, it
is very accessible because of free pricing, something a startup freelancer or person generally, would utilize. D3.js is
extremely flexible for the developer, leading to the development of highly customized visualization. Its complexity is what
doesn't allow it to be used by the ordinary person.

5.2 Gaps and Limitations in Current Tools

These tools, although powerful, also present gaps that businesses must address. Examples of such tools are Tableau and
Power BIl. They are amazing tools, but their implementation is talked about as nontechnical but very pricey to license them.
Therefore, these tools are not fully up for grabs by small organizations. Both tools leverage on integrations from third
parties for the advanced analytics, thus increasing the complexity of implementation (Negash & Gray, 2008).

QlikView, though powerful, is stiffer to learn and use compared with most of its competitors, hence calls for specific
training in their application. Google Data Studio is also limited because it relies on the Google ecosystem; it cannot,
therefore, be as versatilely applicable to businesses running on different platforms. D3.js is also flexible but calls for
significant development expertise that increases time and cost when producing visualizations (Lai & Chang, 2016).

Most of the tools lack native support for emergent technologies, such as augmented and virtual reality; in the data
visualization field, these are now being adopted. Al-driven features only slowly begin to show up, and its implementation is
still embryonic, which therefore limits what these tools can do in terms of providing predictive insights without the need for
external scripting or integration.

Feature Comparison Across Tools

Tableau

Power Bl

Google Data Studio  QlikView

D3js

Ease of Use Data Handling Customization Integration Cost Efficiency

TRENDS IN DATAVISUALIZATION AND FUTURE DIRECTIONS

6.1 Emerging Technologies

Currently, new emerging technologies have changed the world of data visualization, including Al and augmented reality.
The incorporation of NLP into Al-driven visualization tools is increasingly becoming more prominent as the tools continue
to produce visualizations through an entered query by a user. This means that a user can type his question in natural
language and get the insights immediately (Krlger & Earl, 2018). For instance, in Tableau, the integration of Al capability
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allows users to submit their queries through the easy-to-use user interface to answer questions they have immediately.
Similarly, Power Bl's Quick Insights feature follows the similar pattern, where machine-learning-based algorithms identify
patterns or anomalies in the given data set.

AR and VR, though in its infancy within Bl hold a lot of promise for data exploration in an immersive manner. Companies
like SAP and Microsoft are dabbling with the use of AR-based dashboards where interaction with data can be made in three
dimensions. These technologies were mostly conceptual in 2019 but improvements in hardware and software might make
them mainstream sooner than expected (Henschen, 2019).

User Base Distribution by Tool (2019)

Ll

Enterprise SMEs Developers Others

Tableau
Power BI
QlikView
Google Data Studio

50 D3.js

Percentage (%)

o

6.2 Trends in User Expectations and Market Demands

With data being at the core of business operations, user demands for visualization tools are shifting. The increasing needs
are always those that bring in real-time insights and fluid integration with multiple data ecosystems. Cloud-based offerings
like Google Data Studio are accelerating their penetration with the help of scalability and ease of accessibility. On the other
hand, the requirement for maintaining data confidentiality and compliance with regulations like GDPR is compelling
vendors to enhance security features further (Chiang et al., 2012).

The market is swinging towards self-service Bl, where non-technical users are developing and sharing visualizations with
the assistance of the development and sharing of IT teams. It is driving the mode towards more intuitive interfaces and
features which allow automating (Gartner, 2019). Its advantage is to lower the time taken in generating insights. The
development of Mobile Bl encourages vendors to optimize their tools for smaller screens, cross-platform compatibility, and
soon.

CONCLUSION

7.1 Summary of Findings

As much as data visualization tools differ from each other, appropriate applications for business intelligence activities prove
they are suitable for various activities. Tableau takes the lead in being an excellent visual storytelling tool, with an intuitive
interface and additional customization options, but it comes at a price that is relatively higher. Power Bl falls between being
cost-effective and functional, particularly when used with other items under the brand portfolio of Microsoft. QlikView is
still a tool very much for the power user since its associative data model provides unique insights, albeit with greater effort
(Few, 2013).

D3.js is open-source, technically user-friendly, and offers unparalleled flexibility for technically savvy users but so
demanding that a high level of expertise is needed. On the other hand, Google Data Studio is the most accessible and
easiest to use for smaller businesses or freelancers and lacks depth for sophisticated enterprise use cases. An important
strength shared by all is that they are able to accommodate many different data sources and provide scalable solutions,
whereas common weaknesses of these tools include cost, complexity, or dependency on ecosystems.

7.2 Implications for Businesses and Practitioners

Businesses must choose the right tool to visually represent data, depending on which best satisfies the specific needs,
technical capabilities, and budgetary constraints. Companies with large Microsoft ecosystems can fully capitalize on Power
Bl seamless integration between services. Firms preferring heavy analytics and interactivity may want to focus their
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attention toward Tableau. Companies with very highly customized requirements for presentation might invest in D3.js
provided they have the right development expertise.

They should also factor in emerging trends, such as Al-driven insights and AR/VR visualizations. These are going to be
more or less ubiquitously adopted within the next few years. So, investing in tools that have the capability to allow
extensibility along with integrations can add insurance to their Bl strategy in terms of future-proofing (Duhigg, 2012).
Training and documentation also become a very important part of reducing the hurdles for adoption and again points to the
potential for strong vendor and community support in selection.
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