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NOMENCLATURE 

 

AV applications – Animation-aided visualization applications 

PV – Program visualization 

Pseudo code – In this report “Pseudo code” refers to an outline of steps for a concept or process 

or algorithm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

 
 

ACKNOWLEDGEMENTS 
 

I would like to express my immense gratitude to Dr. Simanta Mitra for his continuous guidance 
and support throughout the course of this research. I would also like to extend heart-felt appreciation to 
my co-major professor Dr. Gurpur Prabhu for his regular constructive feedback and for being a great 
mentor. I want to thank my committee member Dr. Carl Chang for his help and support. 
 
I would like to especially thank the Iowa State University Computer Science departmental faculty and 
staff for making this journey a smooth and memorable one.  
 
In addition, I am grateful to my friends in India and in the US, my teachers from kindergarten to 
Graduate school, for their constant support and counsel.  
 
Finally, I want to express sincere gratitude to my family and best friend for their boundless love and for 
making me who I am today. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

 
 

MOTIVATION 
 
 

Visualization is the usage of various techniques to aid human understanding of a concept 

(software or hardware), algorithm, program or process. Visualization tools are the go-to solution 

for teachers to effectively explain algorithms and hardware/software concepts. Multiple studies 

have conclusively proved that students learn and grasp concept(s) better when they have access 

to a visualization application which demonstrates the concept(s). 

 

 

Animation acts as a key tool to enhance the effectiveness of a visualization application. Apart 

from animations, if these systems provide interactions for users, it increases the general 

educational effectiveness. For example, in case of an algorithm animation system, user ability to 

forward or rewind through the animation is very useful. These types of interactions help increase 

clarity and promote better understanding of the algorithm for learners, thereby enhancing the 

overall efficacy of the application. 

 

 

The primary motivation behind my work, is to identify features that contribute to making a 

program visualization tool educationally effective. I have focused on animation-aided 

visualization applications. A taxonomy based on such attributes would be useful in more than 

one way. Firstly, it will summarize in a concise manner the multitude of features available in 

current animation-aided visualization (AV) applications. Secondly, the taxonomy can be used as 

a tool for comparing different AV applications with each other and understanding their strengths 

and limitations. 

 

 

Another motivation has been to study the evolution of Program and Algorithm visualization tools 

and related research over the years.  
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ABSTRACT 
 
 
Program visualization has been highly effective in pedagogical context. This has led to rapid 

increase in development of PV tools in the last two decades, with focus on enhancing the 

teaching/learning experience. What are the features that should be kept in mind while developing 

a visualization tool or choosing one that increases educational effectiveness? This project is an 

effort to establish a taxonomy that can be used as a means for evaluating visualization tools and 

understanding their strengths and limitations. The taxonomy can be used as a tool to compare 

visualization systems with each other as well as for designing and implementing new systems 

and features. The project is based on a study of animation-aided visualization applications and a 

resultant list of attributes which are desirable and increase the effectiveness of such applications. 

The overall efficacy of these applications will increase when educators can easily and effectively 

use visual representations while teaching, thus enabling learners to have better understanding and 

clarity about the concept. The project also concisely captures the evolution and progress of 

research in the field of program visualization and development of PV tools, over the years.  
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INTRODUCTION 
 

 
Visualization systems are becoming increasingly important as an aid for teachers to effectively 

explain concepts (hardware or software). Educators can use visualizations to help students 

understand and learn new concepts. Animation acts as a key tool to enhance the potency of 

visualization applications. There are quite a few such applications available which can be used 

by educators to explain concepts. Animal Algorithm Animation system, VisuAlgo, Explain Git 

with D3, Loupe for JavaScript, Alice 2, jGRASP are examples of such applications. These 

applications provide animated visualizations for specific concepts. There are certain attributes 

that, if present in such applications, will increase their usefulness for educators and learners. For 

example, in case of an algorithm animation system, the ability of the application to highlight the 

current step of pseudo code being depicted by the animation concurrently on screen. Another 

feature, if present in such an application, that would be extremely beneficial for teachers – the 

ability of the application to provide educators with the option to create visual representations and 

animations using an easy to use language. If the teacher needs some specific type of interaction 

between the user and the animation – this feature would help serve that purpose without too 

much time or effort being involved. This project describes more such attributes which add to the 

overall effectiveness of animation-aided visualization applications. The attributes have been 

identified after studying some specific applications from two points of view – 1) that of student 

who aims to learn a concept 2) that of an educator who aims to effectively explain a concept. 

 

The work in this project has been divided into two sections: 

 

Chapter I – This section is dedicated to the identification of desirable features and creation of a 

taxonomy. The taxonomy will serve as a means to evaluate and compare AV tools. This section 

contains the taxonomic evaluations of some specific AV tools. 

 

Chapter II – This section is dedicated to representing how research in the field of program 

visualization has progressed and evolved through the years. The development of various PV 

tools over the last three decades has also been captured in a timeline-based representation. 
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CHAPTER I 

SURVEY AND TAXONOMY 
 
 

1.1 AV APPLICATIONS STUDIED 

 

Five Animation-aided visualization (AV) applications were studied. The key criteria that was 

used in choosing the tools was their availability - easily available tools which used animation 

techniques to visualize a program/concept/algorithm.  

 

 

 

A. VisuAlgo 

 

VisuAlgo is a web-based algorithm visualization tool without the need to install any 

additional software. It uses the latest web technology: HTML5, CSS3, JavaScript. The tool 

allows users to specify their own algorithm inputs and the visualization will work with 

those inputs. The application offers visualizations for various algorithms. It is a collection 

of algorithm visualizations with unified interface. As of 2015, this application recorded 

2000 sessions daily from worldwide visitors; it has grown more popular since then. 

 

url: https://visualgo.net/en 

 
 

 
 

 

https://visualgo.net/en
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B. Explain git with D3 

 

This is a web-based application which can be used to understand basic git concepts 

visually. This tool can be used without installing any additional software. SVG and D3 

were used to develop the animations. 

 

url: https://onlywei.github.io/explain-git-with-d3/ 
 
 

 
 

 

C. Loupe  

 

Loupe is a web-based application which runs entirely in the browser. It is visualization to 

help students understand how JavaScript's call stack/event loop/callback queue interact 

with each other. Loupe uses JavaScript, ExtendScript, CSS to create the visualizations. 

 

url: http://tinyurl.com/ncefteb 

 

 

https://onlywei.github.io/explain-git-with-d3/
http://tinyurl.com/ncefteb
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D. Datapath Animation 

 

This is a general-purpose animation tool developed by a fellow student for his creative 

component, Spring 2019 at Iowa State University. The tool helps to visualize the 

workings of an R Type Adder/Subtractor, Branching and Load word. This application can 

also be used to create animations. Javascript and Jquery were used to develop the tool. 
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E. ANIMAL Algorithm Animation System 

 

ANIMAL is a general-purpose animation tool with a current focus on algorithm 

animation. This application offers animated visualizations for a varied range of 

algorithms. ANIMAL is similar to VisuAlgo in the respect that both the tools offer 

animated visualizations for numerous algorithms. ANIMAL can also be used for 

developing animations to be used in lectures. ANIMAL is not a web-based application; 

one must download and install the application to be able to use it. The software is freely 

available for download at http://www.algoanim.net/.  
 
 

 
 

 

http://www.algoanim.net/
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1.2 ATTRIBUTE IDENTIFICATION 

 

 

The above-listed AV applications has been studied from two points of view – 1) that of 

student who aims to learn a concept 2) that of an educator who wants to effectively explain a 

concept. 

 

The study was aimed to identify features which make applications such as the above-

mentioned, more educationally effective and pedagogically relevant. The feature that is most 

likely to enhance effectiveness of such applications is user interaction with the animation. 

More than passive animation, algorithm visualizations must require users to interact with the 

animation, for these tools to be educationally effectual. 

 

Below is a list of identified attributes that are preferable to have in AV applications and 

which enhance the overall educational efficacy of such systems. The term “pseudo code” in 

all occurrences in this report, refers to outline of steps for a concept or process/program or 

algorithm. 

 

 
Table 1 
Identified features 
 

1. Application ability to show pseudo code on screen concurrently with the animation.  
 

2. Ability of application to highlight step of pseudo code currently being depicted by animation 
and/or explain in words concurrently on the screen.  

3. Ability of application to provide option on screen to explore summary of concept and/or 
urls/multimedia to know in detail about depicted concept. 

4. User ability to control speed of animation(fast/slow/medium). User may choose to view 
animation at default speed. 

5. User ability to pause and resume animation. 
 

6. User ability to forward and rewind through animation. 

7. User ability to rerun animation. 

8. Ability of application to show animation, step by step, controlled by user click. User may 
choose to see default animation in batch mode. 

9. Ability of application to take user data as input, where applicable and show animation with 
the corresponding user input. User may choose to view animation with application-provided 
default data. 

10. Application ability to provide more than one representation of input/output data for depicted 
concept, if at all multiple input/output data representations is possible. 

11. Ability of application to provide users with the option to create visual representations and 
animations using an easy-to-use language. The users who create the animations using the 
application will potentially be teachers attempting to explain a concept to students. 
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1.3 TAXONOMY 

 

 

Using the study of the applications mentioned in the previous section and the identified 

features as a background, I will now define a taxonomy of features for AV applications. This 

taxonomy can be used to compare and evaluate AV tools, understand their 

strengths/shortcomings and identify features that are desirable in such applications for them 

to be effective. 

 

 

 

 
 

Figure 1. Top level of taxonomy 

 

 

 

At the top level of the taxonomy, the categories are: 

 

A. Understandability: Understandability considers the ease of understanding provided by the 

application for the users. For example, features like having the outline of steps for the 

concept/process on screen concurrently with the animation and highlighting step(s) 

currently being animated. These features make it easier for users to understand the concept 

being depicted. 

 

B. User Interaction: The category User Interaction describes the level and type of interaction 

and control provided for the end user of animations. 

 

C. Ease of visual content creation: This category depicts whether or not the application 

supports user creation of visual representations and animations using an easy-to-use 

language. 
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1.3.1 Category A: Understandability 
 

Understandability depicts the ease of understanding the application provides for the 

users.  

 

 

 
Figure 2. Category Understandability 

 

 

A1. Concurrency considers the concurrent actions being shown on screen along with the 

animation, which aids understanding of the concept being visualized. 

 

                    A1.1 Animation and pseudo code concurrently on screen – This denotes 

application ability to show pseudo code on screen concurrently with the animation. User 

can choose to enable or disable this feature.  

 

                    A1.2 Highlight step animation is depicting – This denotes ability of 

application to highlight step of pseudo code currently being depicted by animation and/or 

explain in words concurrently on the screen. User can choose to enable or disable this 

feature. 

 

Evaluation: Table 2 represents the evaluation of the five studied AV applications in the 

Concurrency category. 
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Table 2 
Evaluation of applications in category Concurrency 
 

Attribute 
Classification 

Attributes Visu
Algo 

Explain 
Git with 
D3 

Loupe 
for JS 

Datapath 
animation 

Animal 

 
 
 
 
A1. Concurrency 

A1.1 - show pseudo code 
on screen concurrently 

True NA True  True True 

A1.2 - highlight step of 
pseudo code currently 
being depicted 

True NA True True True 

 

 

 

A2. Multiple Data Representations considers application ability to provide more than 

one representation of input/output data for depicted concept, if at all multiple 

input/output data representations is possible. 

 

 

Evaluation: Table 3 represents the evaluation of the applications in category Multiple 

Data Representations. 

 

 

Table 3 
Evaluation of applications in category Multiple Data Representations 
 

Attribute 
Classification 

Attribute Visu
Algo 

Explain 
Git 
with 
D3 

Loupe  
for JS 

Datapath 
animation 

Animal 

 
 
A2. Multiple 
Data 
Representations 

A2- provide more than 
one representation of 
input/output data for 
the concept, if at all 
multiple data 
representations is 
possible 

False NA NA NA False 
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A3. Additional Information denotes ability of application to provide option on screen to 

explore summary of concept and/or urls or multimedia like sound clip, video etc. to know 

in detail about depicted concept. 

 

 

Evaluation: Table 4 represents the evaluation of the applications in category Multiple 

Data Representations. 

 

 

 

Table 4 
Evaluation of applications in category Additional Information 
 

Attribute 
Classification 

Attribute Visu
Algo 

Explain 
Git with 
D3 

Loupe  
for JS 

Datapath 
animation 

Animal 

 
 
A3. Additional 
information 

A3- Ability of 
application to provide 
option on screen to 
explore summary of 
concept and/or 
url/multimedia to 
know in detail about 
depicted concept. 

True True True False True 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

 
 

1.3.2 Category B: User Interaction 
 

The category User Interaction describes how the application supports interaction between 

the user and the animation. 

 

 

 
Figure 3. Category User Interaction 

 

 

B1. Control denotes the application ability to support user interaction which controls the way the 

animation is executed. Such features include, for instance, pausing the animation, and browsing it 

stepwise or continuously. 

                B1.1 Speed - User ability to control speed of animation(fast/slow/medium). User may choose to 

view animation at default speed. 

                B1.2 Pause/Resume - User ability to pause and resume animation. 

                B1.3 Forward/Rewind - User ability to forward and rewind through animation. 

                B1.4 Rerun - User ability to rerun animation. 

                B1.5 Batch mode or user click controlled - Ability of application to show animation, step by 

step, controlled by user click. User may choose to see default animation in batch mode. 

 

Evaluation: Table 5 represents the evaluation of the applications in category Control. 
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Table 5 
Evaluation of applications in category Control 
 

Attribute 
Classification 

Attributes Visu
Algo 

Explain 
Git with 
D3 

Loupe  
for JS 

Datapath 
animation 

Animal 

 
 
 
 
 
 
 
B1. Control 

B1.1- control speed of 
animation(fast/slow/me
dium) 

True False False False True 

B1.2 - pause and resume 
animation 

True False True True True 

B1.3 - forward and 
rewind through 
animation 

True False False True  True 

B1.4 - rerun animation True True True True True 

B1.5 - show animation, 
step by step, controlled 
by user click 

True False False True True 

 

 

B2. Changing denotes ability of application to take user data as input, where applicable 

and show animation with the corresponding user input. User may choose to view 

animation with application-provided default data. 

 

 

Evaluation: Table 6 represents the evaluation of the applications in category Changing. 

 

Table 6 
Evaluation of applications in category Changing 
 

Attribute 
Classification 

Attribute Visu
Algo 

Explain 
Git 
with 
D3 

Loupe  
for JS 

Datapath 
animation 

Animal 

 
 
 
B2. Changing 

B2- application ability to 
take user data as input, 
where applicable and 
change animation 
according to the 
corresponding user input 

True True True True False 
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1.3.3 Category C: Ease of visual content creation 
 

This category considers ability of application to provide users with the option to create 

visual representations and animations using an easy-to-use language. The users who 

create the animations using the application will potentially be teachers attempting to 

explain a concept to students. 

 

 

Evaluation: Table 7 represents the evaluation of the applications in category Ease of 

visual content creation. 

 

 

Table 7 
Evaluation of applications in category Ease of visual content creation 
 

Attribute 
Classification 

Attribute Visu
Algo 

Explain Git 
with D3 

Loupe  for 
JS 

Datapath 
animation 

Animal 

 
 
 
C. Ease of visual 
content creation 

C- provide users 
with the option 
to create visual 
representations 
and animations  

False False False True  True 
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1.4   SUMMARY OF ATTRIBUTES 

Table 8 represents a consolidated form of all the identified attributes and their classification 

with respect to the taxonomy. 

Table 8 
Identified attributes and their classification with respect to the taxonomy 
 

 
Attribute Classification 

 
Attribute Description 

 
 
 
 
 
 
 
A. Understandability 

 
 
 
 
A1. Concurrency 

A1.1 Animation and pseudo code concurrently on 
screen - Application ability to show pseudo code on 
screen concurrently with the animation.  
 

A1.2 Highlight step animation is depicting - Ability 
of application to highlight step of pseudo code 
currently being depicted by animation and/or 
explain in words concurrently on the screen.  
 

A2. Multiple 
Data 
Representations 

A2 - Application ability to provide more than one 
representation of input/output data for depicted 
concept, if at all multiple input/output data 
representations is possible. 

A3. Additional 
Information 

A3 - Ability of application to provide option on 
screen to explore summary of concept and/or 
urls/multimedia to know in detail about depicted 
concept. 

 
 
 
 
 
 
 
 
B. User Interaction 

 
 
 
 
 
B1. Control 

B1.1 Speed - User ability to control speed of 
animation(fast/slow/medium). User may choose to 
view animation at default speed. 

B1.2 Pause/Resume - User ability to pause and 
resume animation. 

B1.3 Forward/Rewind - User ability to forward and 
rewind through animation. 

B1.4 Rerun - User ability to rerun animation. 

B1.5 User-click controlled animation display - 
Ability of application to show animation, step by 
step, controlled by user click. User may choose to 
see default animation in batch mode. 

B2. Changing B2 - Ability of application to take user data as input, 
where applicable and show animation with the 
corresponding user input. User may choose to view 
animation with application-provided default data. 

C.  Ease of visual 
content creation 

 C - Ability of application to provide users with the 
option to create visual representations and 
animations using an easy-to-use language. The 
users who create the animations using the 
application will potentially be teachers attempting 
to explain a concept to students. 
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1.5   TAXONOMIC EVALUATION OF APPLICATIONS 

 

Table 9 presents a consolidated version of evaluation of the five applications in all categories of the 

taxonomy. 

 

Table 9 
Evaluation of Applications in all categories of the taxonomy (consolidated) 
 

Attributes VisuAlgo Explain 
Git 
with 
D3 

Loupe 
for JS 

Datapath 
animation 

Animal 

 
 
 
 
 
 
 
A. 
Understandability 

 
 
 
 
 
A1. Concurrency 

A1.1 
Animation 
and pseudo 
code 
concurrently 
on screen 

True NA True  True True 

A1.2 
Highlight 
step 
animation is 
depicting 

True NA True True True 

A2. Multiple 
Data 
Representations 

 False NA NA NA False 

 
A3. Additional 
Information 

 True True True False True 

 
 
 
 
 
 
 
B. User 
Interaction 

 
 
 
 
 
 
B1. Control 

B1.1 Speed True False False False True 

B1.2 Pause/ 
Resume 

True False True True True 

B1.3 
Forward/ 
Rewind 

True False False True  True 

B1.4 Rerun True True True True True 

B1.5 User-
click 
controlled 
animation 
display 

True False False True True 

B2. Changing  True True True True False 

C.  Ease of visual 
content creation 

  False False False True  True 
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1.6   COMPLETE TAXONOMY 

 

Figure 4 represents the complete taxonomy described in this project. 

 

 

 
 

Figure 4. Complete Taxonomy 
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CHAPTER II 
 

Evolution of Research in the field of Program Visualization 
 

2.1   Progress of research in the field of animation-aided Program visualization through 

the years (1980s – 2017)  

 

The need for visualization as a means to effectively understand algorithms or some piece of data 

or even a program or concept was being realized in the early 1980s.  

Numerous papers and articles were published which stressed on how allowing a user to interact 

with dynamically changing visual representations of algorithms or a concept or process/program 

may help in teaching, research, or systems programming. In the early 1990s, researchers 

published ideas of visualization systems and algorithm animation systems like Tango, Zeus were 

created.  

From the mid-1990s, extensive research was being conducted on program and algorithm 

visualization in educational context. Studies researching the need of visualizations in learning 

and education were carried out. The studies established that visualization helped students learn 

faster and educators could more effectively explain concepts.  

In 2000, the ANIMAL algorithm animation system was created. This tool was specifically 

designed for educational purposes. The application has the feature for developing animations to 

be used in lectures. 

Since the 2000s, more work has been conducted on program and algorithm visualizations with 

respect to education and pedagogy. Studies have been carried out to evaluate the impact of 

program visualizations on education and learning. And they have established that visualization 

tools are the need of the day in Computer Science education.  

 

 

2.1.1 Chronological representation of research in program visualization 
 

Figure 5 depicts a chronological representation of research in the field of animation-aided 

visualization through the years 1985-2017. 
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Figure 5. A chronological representation of research in the field of animation-aided visualization 
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2.2   Development of Education-aiding Program Visualization Tools through the years 

(1990s – 2015) 

 

This section presents a brief history of Program and Algorithm Visualization systems over 

the last three decades. The field has evolved a lot since the first visualization systems were 

introduced.  

 

Since the early 1990s, quite a few algorithm animation and visualization tools were being 

developed. Work in this area has been going on in different areas of the US and Europe. The 

use of visualization applications in education has increased over the last two decades. Many 

of the tools mentioned in this paper are extensively used in educational institutions around 

the world to effectively explain concepts, mostly algorithms in Computer Science education. 

 

Programming is an important subject in computing and engineering fields. To ensure proper 

realization of the pedagogical objectives, program visualization tools are needed. 

 

Figure 6 shows a timeline of some education-aiding program and algorithm visualization 

systems developed from 1990 to 2015. Plenty more systems exist, but the selected systems 

will be briefly described in this chapter. 

 

 

 

TANGO 

 

TANGO [18] was developed in 1990. It is a framework and system for algorithm animation 

organized as a set of cooperating components as opposed to one large self-contained system. 

The components include the program being animated, the code controlling the animation, and 

the Tango executable itself. Using Tango, programmers could create new animations in a few 

hours or days rather than many days or weeks. 

 

ZEUS  

 

Zeus [19] is an algorithm animation system that was created in 1991. The system could also 

be used for building multi-view editors. Zeus was noteworthy for its use of objects, strong-

typing, parallelism and graphical development of views.  

 

JAWAA 

 

JAWAA [20] is a command language for creating animations of data structures and 

displaying them with a Web browser. Commands are stored in a script file that is retrieved 

and run by the JAWAA applet when the applet’s Web page is accessed through the Web. 
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ANIMAL 

 

ANIMAL [21] is an algorithm animation tool that was developed in 2000. It offers animated 

visualizations of numerous algorithms. The tool can also be used to create animations to be 

used in lectures.  

 

SRec 

 

SRec [22] was created in 2003. It is a visualization system specifically designed to animate 

recursion in Java programs. It is intended to assist in algorithm courses to better understand 

and analyze algorithm behavior. 

 

ALICE2 

 

ALICE is an open-source object-based educational programming language with an integrated 

development environment (IDE). It is a block-based programming environment that makes it 

easy to create animations and build interactive narratives. ALICE was first introduced in 

1998. ALICE2 was released in 2004.  

 

jGRASP 

 

jGRASP [24] was introduced in 2004. It is an integrated development environment with 

visualizations for teaching and learning Java. The visualizations include Control Structure 

Diagrams, UML Class Diagrams, and new dynamic object views. 

 

Jeliot3 

 

Jeliot3 [25] was created in 2005. It is a program visualization tool designed to aid students to 

learn object-oriented programming. It visualizes how a Java program is interpreted. Method 

calls, variables, operation are displayed on a screen as the animation goes on, allowing the 

student to follow step by step the execution of a program.  

 

AlViE 

 

AlViE [26] is a post-mortem algorithm visualization Java environment. It was introduced in 

2007. It is an algorithm visualization tool with an XML-based scripting language. 

 

VISUALGO (2012) 

 

VisuAlgo [27] was first developed in 2012. It is a web-based algorithm visualization tool 

without the need to install any additional software. The application offers visualizations for 

various algorithms. As of 2015, this application recorded 2000 sessions daily from 

worldwide visitors; it has grown more popular since then. 

 

 

 

https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Object-based_language
https://en.wikipedia.org/wiki/Educational_programming_language
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
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Explain Git with D3  

 

Explain Git with D3 [28] is a web-based application which can be used to understand basic git 

concepts visually. This tool can be used without installing any additional software. Explain 

Git with D3 was developed in 2014 and the code is freely available on Github.  

 

Loupe 

 

Loupe [29] was introduced in 2015. It is a web-based application which runs entirely in the 

browser. It is a visualization to help students understand how JavaScript's call stack/event 

loop/callback queue interact with each other. The code is freely available on Github. 

 

 

 

 

 

2.2.1 Timeline of program visualization systems (1990s – 2015) 
 

Figure 6 depicts a timeline of the above-mentioned algorithm and program visualization 

applications developed over the last three decades. 
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Figure 6. History of some Algorithm and Program Visualization Systems. The location symbol denotes the 
country in which the tool was first developed  



32 
 

 
 

CONCLUSION AND FUTURE WORK 
 

Since the 1980s, many algorithm visualization tools have been developed to support teaching and 

learning core computer science topics such as data structures and algorithms. The success of 

these tools depends largely on the features they support. For example, increasing student 

engagement via user interaction with the visualization improves learning effectiveness.  
 

The taxonomy developed for this project and the survey of the five AV applications based on it 

has revealed the strengths and limitations of these applications. 

 

• Table 2 evaluates the five applications in category Concurrency. Concurrency denotes 

features like animation and pseudo code are concurrently on screen and step of pseudo 

code currently being depicted by animation is highlighted. Table 2 indicates that majority 

of the applications include the features.  
 

• Table 3 summarizes evaluation of the applications in category Multiple Data 

Representations. It considers application ability to provide more than one representation 

of input/output data for depicted concept, if at all multiple input/output data 

representations is possible. Table 3 indicates that multiple data representations are not 

implemented in these tools.  

 

• Table 4 provides evaluation of applications in category Additional Information. Table 4 

shows that most applications do contain the feature where there is an explanation of the 

concept being visualized or the tool provides urls or other materials like sound clip, video 

etc. that effectively explain the concept. 

 

• Table 5 evaluates the applications in subcategory Control under parent category User 

Interaction. Control denotes features which enable user to control the execution of 

animation like pause, resume, animation speed etc. Increasing student engagement via 

user interaction significantly improves learning effectiveness, so features enabling user 

interaction with the animation is essential to have in AV applications. Table 5 depicts that 

while some applications have these features, some don’t.  
 

• Table 6 summarizes evaluation of the applications in subcategory Changing under parent 

category User Interaction. Changing denotes application feature to show animated 

visualization with user data as input. Table 6 indicates majority of the applications 

support this feature.  

 

• Table 7 evaluates the applications in the category Ease of Visual content creation. The 

ability to create animations and visual representations using an easy-to-use language is a 

need many educators feel, especially in the field of Computer Science. Table 7 depicts 

that majority of the applications do not provide this feature. 
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This taxonomy can be used as a tool to evaluate and compare animation-aided visualization 

applications and identify their strengths and limitations. It can be utilized to identify desirable 

features while developing an AV application.  

 

 

For future work, this taxonomy can be further expanded. More rigorous study of various 

animation-aided visualization tools can lead to identification of more attributes that improve 

learning efficiency. New attributes can be added to the taxonomy to make it more 

comprehensive. The taxonomy can also be modified to include features focusing on aiding 

teachers and students in choosing the most appropriate tool for a better experience in the 

classroom. 
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