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Abstract: Algorithm visualizers (AVs) are very important tools to provide an understanding of how
an algorithm works inside its core at each step. Therefore, we are at this moment demonstrating
our findings and evaluating different algorithm visualizers that have been available in the computer
education community for a time now. This paper is going to evaluate the algorithm visualizers that are
publicly available. As the demand for digital technologies is increasing, better-skilled and performant
engineers are required to be part of this digitization of the World. In pursuit of this, learning has to be
very effective in computer science. To support this learning, too many algorithm visualizers are publicly
available, fulfilling various requirements. After extensive search and evaluation of various algorithm
visualizers, we found that most of the AVs available in the market need to be updated and need an
upgradation like improvement in design, increase in user interaction, being platform independent, etc.
This paper will reach its evaluation result using detailed parameters.

Index Terms: Algorithm, Visualization, Computer, Data structures, Evaluation

1. Introduction

Data structures and algorithms are as crucial for a computer science undergraduate student as
programming languages. It helps create improved systems like FastTTps, etc. [1] . Learning these
crucial topics is essential, but their dynamic nature with the data makes them very difficult to learn
the implementation of data structures [2] . The abstractness of some algorithms makes it difficult
for students to understand and remember the intricacy of the working of such algorithms [3]- [5] .
Traditional methods like teaching code snippets from the book, writing code blocks with chalk on
board or demonstrating the algorithms with limited and particular dataset were used by professors
and educators. These methods don't let the naive understand the proper working of the algorithm
with different types of datasets, the edge cases. This leads to a restricted understanding of the
algorithms.

But, as the data structures can contain dynamic data and algorithms behave differently with
different sets of data, some kinds of visual changes are required to improve the understanding
of how an algorithm works at every step. There were many solutions found he researchers
and educators to overcome this problem. Graphical representations, classical animations, and
explanation videos were preferred techniques. But these techniques do not provide interactivity
or diversity to work with these algorithms by varying their datasets as they are rigid presentations
running on one single dataset [6] .

One of these great approaches is algorithm visualizers. The algorithm visualizes users with all
the interactivity they need, animations, and the ability to tweak the base algorithm. This enables
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the novice user to play with the dataset and the algorithm learning to understand better.

We have started our research with findings on different algorithm visualizers designed and pro-
grammed for public use. This Algorithm visualizer is an effective tool for understanding algorithms
and data structures. These findings include algorithm visualizers based on technologies like Java,
JavaScript, C, etc [9], [10].

Since starting, hundreds of Algorithm Visualizers have been created and designed by many of
researchers and tech enthusiasts most of which needed to be recognized because of a lack of
documentation and ownership. Thera are AlgoViz [7] , ANIMAL [8] , JAWAA [11] , Jeliot [12] ,
JHAVE [13], TRAKLAZ2 [14] and JSAV [15] are the most popular and effective algorithm visualizers
are available to the computing education community.

This paper focused on including the AVs with proper documentation and ownership accounts
to increase reliability. It discussed ANIMAL [8] , JAWAA [11] , Jeliot [12] , and JHAVE [13] in
comparative study.

Even after many years of use and effective learning from algorithm visualizers [16], there
are active debates and arguments as to whether these visualization techniques are effective, or
various studies have shown that there is “no difference” altogether concerning using visualization
in algorithm learning [17] - [21] . While some studies have shown that visualizations in computer
algorithms

To understand whether these algorithm visualizers are effective or not, we need to understand
whether these algorithm visualizers follow some crucial requirements for an algorithm visualizer to
be effective and useful. We picked some of these popular algorithm visualizers and evaluated them
over predefined requirements. We are presenting our reviews and results over these evaluations
in the subsequent sections of this paper.

2. Algorithm Visualizer

The authors should submit camera-ready paper in MS Word format by e-mail. Use A4 (210 x
297 mm) format of the paper. Leave 22,9 mm at the top, 18, 3 mm at the bottom, and 13,1
mm margins at left and right. The camera-ready paper size should be no more than eight pages
without authors photos and CVs. Authors are strongly recommended to leave on the last page
some place for photos and short author’'s CVs. Please, don’t use numbering pages in your papers.

2.1. The history of algorithm visualization

Data structure and algorithm visualizers [16] have a long historical journey dating back to the
1940s [25]. But it was ahead of its time, as computer science was not much developed during
those times and people were not much aware to this powerful concept of visualization. It was in
1984, that people understood the value of visualization in computer education.

The first algorithm visualization system was introduced in 1984, called BALSA (Brown Sedgewick,
Brown University, USA) [26] . Since then, hundreds of algorithm visualizers have been developed
and used, from small-scale supporting one or two algorithms to large-scale supporting numerous
types of data structure and algorithms. Since then, Algorithm visualizers

have gained popularity, and extensive research was started to support this phenomenal cause
of teaching. Some of the most popular and contemporary implementations or systems that made
an impact were TRAKLA2 [14] , ANIMAL [8] , and JAWAA [11].

Early systems such as BALSA need to be more user friendly and their implementation of the
technology is not suitable for the general public. In the mid-1990s when the internet and the World
wide web started to become crucial parts of our lives, and java programming language is used to
create platform independent software, visualization software also leaped their implementation and
usability. As HTML5 and other web technologies gained popularity and web browser increased
their capabilities of graphics rendering, the developers also started to build more sophisticated
and performing applications for the web [24].

As these systems became readily available to more educators and students, their popularity of
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them increased. A lot of commercial and non-commercial AVs were launched in the market. One
of the reasons for the increase in popularity was that Java gave these systems [27] the feature of
platform independence. A single developed application can run on different types of OS, making
the user experience uniform.

2.2. Importance of algorithm visualizers

A computer science student must have knowledge of different algorithms and data structures. This
knowledge is the most important part in order to develop effective and performing applications.
With a sudden boom of jobs in the IT field, no of student learning programming is increasing rapidly.
That creates a necessity of appropriate and effective methods for learning different algorithms in
programming.

Most of the programming environments that are being used in institutions for learning are created
for developing core software and applications [28] - [29] . They are not designed with the motive
of educational purposes. This is considered the main barrier for most of programmers who are a
beginner in programming. A much need better alternative is required to be specifically designed
for educational purposes.

This is where the algorithm visualizer comes into the picture. It is a tool to represent various
algorithms in graphical and animated formats for better learning for students. Numerous visual-
ization systems [27] - [29] are developed and implemented for the computer science education
community. The community has also praised this unique form of learning computer algorithms
and data structures [30] . It has been proven to be more effective than using whiteboards or
slides. According to various surveys, they can better attract students’ attention during studying,
explain concepts in visual and graphical terms, encourage a practical learning process, and helps
in better communication between students and instructors. Interactive learning methods increase
student concentration, and its visualization allows them to experiment and explore their concepts.

2.3. Work in field

There have been many ground-breaking visualization tools that have changed the course of
the development of Avs [31] . But BALSA was the first to introduce the concept of algorithm
visualization to the general public. It was a very ambitious project in the way that it commences
the development of algorithm visualizers.

During the start of the internet era in the mid-1990s, a few he algorithm visualizer projects like
JAWAA [11] and JHAVE [13] lead the way. Those were built on Java programming language and
benefited from java-enabled browsers. Some key things that these visualizers needed to include
interactivity and engagement in visualization. Instead, they focused particularly on creating a tool
to make it easy for instructors to develop visualizations. They missed having an interactive and
engaging software experience for the users. In mid 2000s, there were systems like TRAKLA2,
which included specific exercises to complete for the participant. This made the system more
engaging in learning [14] . It asks the user stop-and-think questions about the

algorithm or the data structure rendered on the screen. It also contains some tutorial text along
with algorithm or data structure pseudocode to explain them. These are some good steps to
engage the user of the application into the process of learning.

3. Study of algorithm visualizers

3.1. Selected projects
Although there are hundreds of algorithm visualizers of all types, scales and complexities, we
picked major and ground-breaking projects from the last 20 to 30 years to make a comprehensive

list of projects to be reviewed. Following are the names of the projects we selected to proceed
further to our review. ANIMAL [8] , JAWAA [11], Jeliot [12] , JHAVE [13]
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3.1.1. ANIMAL [8]
Animal stands for “A New Interactive Modeler for Animations in Lectures”. It is written in Java
programming language using the java swing library. Visualizers before this project were mostly
required for educators or instructors to know the java language as they were built on java pro-
gramming and only supported algorithm animation changes [22], [31] via some API calls. These
calls have to be in java or the underline tech will not able to perform any task. The Animal offered
a powerful set of graphical tools, by which animations can be generated and edited by using a
drawing pane. Thus, it not needed any programming language by the instructor or user. ANIMAL
supports inclusion of source code and pseudo code with highlighting. It also supports precise
delays between actions. ANIMAL provides various more ways to create visualizations, as it has a
graphical editor, customizable content generators and a scripting language for many algorithms.

3.1.2. JAWAA [11]

JAWAA is an easy-to-use, platform independent technology for creating visual animations of data
structures and algorithms to run in web pages using java in web technology. The animations are
implemented or written in a scripting language and could be easily generated as desired output
from any other program written in another language. This lets the animator not need to know a
java programming language to create animations in JAWAA. JAWAA needs one-liner commands
to create and display a data structure or to do operations on that data structure, making the
animations come alive. As JAWAA is written in a java programming language, it can be run on
any operating system by using java’s platform-independent capability. Using java alongside Web
technology makes creating animations in JAWAA easy and quick.

3.1.3. Jeliot [12]
Jeliot is a beginner friendly program animation tool. lts animations are basically execution of
java programs in a step-by-step manner. Each step in the animation is graphically deducible
and represents the interpretation of the program’s code. Although it was made to keep novice
programmers in mind, it is shown in the studies that Jeliot is not that beginner friendly as it is
announced [12] . Jeliot software animation tool is built on java programming language and hence
supports platform independency, which means this software can run on any computer operating
system. But, even coming this late in algorithm visualization, this tool needed to utilize the power
of web application and java applet as others were doing at that time. This makes this application a
little behind in terms of mass user reach and accessibility. One has to install java on their system
to use this application.

3.1.4. JHAVE [13]
JHAVE stands for Java-Hosted Algorithm Visualization Environment, it is built with the sense of
understanding that in the field of computer science algorithm education, only astonishing computer
graphics, platform independency and ease of access are not enough for an algorithm visualization
to succeed in teaching the learners about the subject. They understood that interactions with the
tool, engagement with the visualization is just as important. JHAVE is built to support this ideology
and it provides the engine to demonstrate graphical displays with inputs and in-between questions.
It hooks the students in engaging more with the visualization and understand the process better.

3.2. Selected parameters

Selecting suitable candidates for our list of algorithm visualizers to evaluate and review is one
part of the process. The other part is to define some requirements or parameters necessary for
an algorithm visualizer to have or demonstrate. Since the start of this visualization software, they
have been expected to demonstrate some key features. We are going to evaluate our pick of
algorithm visualizers on the following requirements.

— R1. Platform Independent - An Algorithm visualizer should be platform dependent and easy
to access.
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— R2. Ease of Installation — Just like platform independency, ease of installing a soft’ ware is
also very important. User should be burdened to install lots of library and base images for
the system to work.

— R83. Beginner Friendly — The system should be beginner friendly and easy to use in its
educating factor.

— R4. Interactive Animation — Animation in the system should be interactive to be effective and
engaging.

— R5. Questionnaires — Interactive questionnaires asked from time to time to the user can help
them understand the concept better.

4. Result of evaluation

We have evaluated and tested these softwares in order to generate an evaluation table for
displaying how well these softwares stand on our list of requirements. After evaluating these
softwares on strictly on our requirements list, we found each of these visualizers are mising out
on one or more important features.

We compiled the result into a table which contains all the requirements and visualizer software
as rows and column respectively. In our findings, we can see that a lot of these software is not
actively developed by their developers. Either these software were built on deprecated technolo-
gies or they are just left out for other projects. Recently Oracle Corporation has declared that java
applets are deprecated now [33]- [35] .

We can also see that all of these software using java or web-based technology to support
platform independency. This increases the reach of software visualization tools to the widest
possible audience and benefits more learners. Some of these are also trying to incorporate the
ease of installation to avoid any hassle for a novice computer learner the software before using it.
It makes it easy for learners to try these applications with less efforts and focuses more on using
them. It was found that only some software is needed to know some programming, scripting or
command language to use them [6] . This can cause problems with novice learners as they could
be not knowing any programming language with enough expertise to write the visualization from
themselves [32] . Even after removing programming barrier from the software, only ANIMAL is a
beginner friendly visualization tool.

Only JHAVE is the software that asks stop-and-think questions to the users in between the
animations to make the learning more interactive. The animation itself is interactive in lot of these
software, which makes the animation more engaging and give some level of controls to the learner
also.

ANIMAL | JAWAA | Jeliot | JHAVE

Platform Independent | R1 | / v v v
Ease of Installation R2 | x v X v
Beginner Friendly R3 | v/ X X X
Interactive Animation R4 | v/ X v X
Questionnaires R5 | X X X v

5. Conclusion

The field of computer science education is much more developed and improved from early 1990s
when the first algorithm visualizer was launched. The Various number of software visualization
tools with different approaches and technologies are developed from that time. But, very few of
them are good enough to make an impact in data structure and algorithm learning for users.
These were the groundbreaking projects with unique features and first-in-the-market ideas. Some
of them are not in active development now due that have yet to be deprecated technologies from
that time, making it difficult to upgrade them to modern technology. We found that as the tech of
the industry’s improved, software visualization techniques also benefited from it and adapted the
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technology from improvement their own.
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