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Ancestral forms of entertainment were not only meant as a pastime but also
to carry forward the cultural values and stories over generations. With the ease of
access to the technologically advanced and immersive games, we do not
necessarily opt for traditional board games that are a representation of our culture.
Dhayam VR is an amalgamation of a traditional Indian board game and virtual
reality technology. Inspired by the story of Mahabharata – a Hindu epic, it creates
an expressive, educative, and entertaining experience. It provides an opportunity
to contribute toward keeping traditional and cultural values alive, in a more
expressive form using the latest technologies which are relatable to the current
and future generations.
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Introduction
Growing up in a traditional Indian household, my family strove to introduce
me to various values of Hindu culture through food, festivals, books, and games.
The most memorable and enjoyable hobbies of my childhood include listening to
the stories of the great Indian epics Ramayana, Mahabharata and learning how to
play the classic board/ tabletop games such as Paramapadham (Snake & Ladder),
Dhayam (Game of Dice), and Pallankuzhi (Mancala), etc.

Figure 1. Anant Pai. Valmiki's Ramayana. (1978). Comics
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Figure 2. Gayathri Venkat. Dhayakattam. (2017). Photograph

Figure 3. Bhuvanesh Santharam. Pallankuzhi. (2019). Photograph
2

Figure 4. Chris Columbus. Harry Potter. (2001). Film

Figure 5. Chris Columbus. Harry Potter. (2001). Film
Being an ardent fan of board games, both the tabletop version and the
human-size variant of the Wizard’s Chess from the movie Harry Potter and the
Sorcerer’s Stone frequently intrigued me. I have always wondered how it would be
3

to play such a game, where the pieces would move and animate across the board,
making the gameplay more engaging and entertaining. Eventually, I understood
that what I saw in the movies were computer graphics and in the world of digital
storytelling, the possibilities were endless with the help of ever-evolving
technologies.

Figure 6. Anant Pai. Mahabharata. (2010). Comics
The importance of holding onto my cultural values along with my interest in
the art of digital storytelling inspired me to create Dhayam VR. It is a virtual reality
board game with a narrative inspired by the dice game that is referred to as “one
of the most dramatic and pivotal moments of Mahabharata: The Great Hindu Epic”
[1]. Through this thesis, I attempt to verify if translating a traditional board game
into a virtual reality experience can make it more expressive, engaging, and
educative, to contribute towards passing on Hindu cultural values.
4

Ancient Indian Board Games

Figure 7. Brooklyn Museum. Senet Game Board. (2014). Game
Board games have been a popular form of entertainment in many cultures.
Senet was invented in Egypt around 3500 BC. Ancient Egyptians believed that
winning Senet would help them join the god of the rising sun while they are alive
and alter the realities of the afterlife [2]. Like Senet, many ancient board games
such as Tau by the Romans, Sacred Way by the Greeks, Atep by the Italians carry
a story and significance to their respective cultures [3].
Ancient board games are categorized into four types – Chase Games,
Space Games, Games of Displacement, and Race Games [4]. In chase games,
5

the opposing pieces take asymmetrical starting positions on the board. The
objective of the game is to defeat the opponent by taking the role of pursuer and
pursued. Fox & Geese is an example of a chasing game where the geese aim to
capture the fox by surrounding him and the fox can eat the geese until it is
impossible for them to trap him.

Figure 8. Youtube. Fox & Geese. (2017). Screenshot
Space games are where the players manipulate the position of the play
pieces to make connections and achieve prescribed alignments, to win. Noughts
and crosses fall under the category of space games as the first person to create a
row of their symbol win the game. Games of displacement allow the symmetrically
equipped players to capture and eliminate each other’s pieces. The movement of
the pieces is determined based on the game’s rule book. Chaturanga, later evolved
6

as Chess originated in India and is one of the finest games of displacement.
Chaturanga in Sanskrit means four divisions, that represented the four types of the
first standing military in a war field – infantry, cavalry, elephants and chariots. It
describes an ancient battle formation that was invented by the wife of Ravana,
King of Ceylon when his capital Lanka was surrounded by Rama in Ramayana [3]
[5] [6]. It was a battle-simulation game that trained the army in the strategy of time.

Figure 9. Micha L. Rieser. Pachisi Board. (2008). Photograph
Lastly, in race games, the players traverse a track in an attempt to finish
first. The number of spaces a piece moves on the game board is determined by a
random number generator. Pachisi is a racing game that originated in medieval
7

India [3]. Pachisi is derived from the Hindi word “Pachchees” meaning “twentyfive,” the largest score that can be thrown using the cowrie shells. The game is
played with four players and four play pieces per player, on a board shaped like a
cross. The players begin from their respective home zones in the center and
traverse around the board. During their journey, a player can kill an opponent’s
piece by landing exactly on its space and send it back to the base to restart its
journey. The board also includes safe spaces in which if a piece were to occupy, it
becomes immune to be killed. The first to enter all of their pieces back into the
home zone wins the game.

Figure 10. Cowrie Shells. Photograph.
The movement of the play pieces are based upon a throw of six or seven
cowrie shells, with the number of shells resting with the cracked side facing
upwards indicating the number of spaces to move. The value of a throw can be
used to move only one piece at a time. The shells are read the following way:
8
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The earliest evidence that the game was played in India exists is in the grandeur
form of a human-size board at the 16th-century palace at Fatehpur Sikri in northern
India. King Akbar fancied the game so much that he had his palace court to be
divided into red and white squares that represent the board [3]. He played the
game with his courtiers, using 16 young slaves that represented the play pieces.
Ludo and Parcheesi are some of the westernized commercial versions of the
game.

9

Figure 11. David Castor. Fatehpur Sikri, Agra. (2008). Photograph
There are other variations of the same game played across India with
alterations in the gameplay amongst which Chauput, Chausar, and Dhayakattam
are connected in terms of their gameplay elements. Chauput is played with a
cross-shaped board as well, with adjustments to the safe space positions and
starting positions for the pieces. It also uses the cowrie shells to determine the
movement of the pieces but does not have 25, 10, and grace turns. Chausar is
another variant that also uses a cross-shaped board the same as Pachisi and three
oblong four-sided dice for a random number generator. The four sides of the die
have dots inscribed on them with face values one, two, five, and six. Each time the
player rolls the dice, the value can be read as a sum of the three face values or
three individual values. For example, if the dice were to read one, two, and five,
10

the player can move one of his pieces eight spaces forward or three of his pieces
one, two, and five steps forward, respectively.

Figure 12. Kreeda Kaushalya. Dhayakattam Board. (2008). Photograph
Dhayakattam is a south Indian derivative that is played with an elaborate
map and a pair of oblong four-sided brass dice. The four faces of the die are zero,
one, two, and three and the combined value determines the number of spaces a
piece can move. If both the dice show the blank face, the value is 12 which is the
largest number of spaces a piece can move at a time.
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Figure 13. Devotional Store. Indian Dice. Photograph
I have utilized various elements from the games mentioned earlier to create
the gameplay of Dhayam VR to make it the closest representation of the original.
Dhayam VR includes a pair of oblong four-sided dice identical to the one used in
Dhayakattam and the game board is a replica of the cross-shaped board that is
used to play Pachisi. To play the Trivia mode of Dhayam VR, the player has to roll
the dice and move the game piece along the board based on the outcome of the
throw. Then the game will generate a trivia about Mahabharata for the player to
learn.
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Mahabharata: Dice Game
Playing with dice has been an eminent part of Hindu culture. There are 64
traditional arts of ancient India, termed Kala, which means performing arts in
Sanskrit [7]. Dyuta-visesha – the art of knowing specific gambling and Akarshakrida – the art of playing with dice or magnet are two of the traditional arts that
shaped the story of Mahabharata, a legend that has been told over many
generations to teach ethics and morals to kids. Beyond the core story that revolves
around the kingdom of Kurukshetra, the Pandava, and the Kaurava brothers, it has
multiple small stories that are embodiments of Hindu principles and philosophies.
In the kingdom of Kurukshetra, the royal family has two groups of brothers
– Kauravas: the evil cousins and Pandavas: the heroes. The story is about an
ongoing family feud between the two groups of cousins. As the Kauravas are next
in line to claim the throne after their father, the Pandavas are given a share of the
kingdom and move to the land of Khandava Prastha. They build a beautiful city of
Indraprastha on the barren lands of Khandava and construct an exquisite court hall
– Maya Sabha. Envious of their prosperity, the Kauravas make multiple failed
attempts to kill the Pandavas with an intent to acquire their belongings. Then they
arrange for a friendly game of dice and scheme to deceive the Pandavas into
gambling away their kingdom.
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Figure 14. Monisha Selvaraj. Dhayam VR. (2020). Screenshot
“… King Dhirdharashtra:
Go to Yudhishtira and beg him to come immediately.
Tell him that he and his brothers must see this splendid gem-encrusted
hall, richly furnished with costly seats and couches and that we all shall
join in a friendly game of dice.” [1]

Inspired by the dialogue, I created a king’s courtroom filled with gem-encrusted
pillars and rich looking seats for the environment of Dhayam VR, to simulate an
experience similar to that mentioned in the story. There are speculations that this
dice game is a variant of Pachisi, but the descriptions of the game day primarily
focus on the dice and gambling. Sakuni and Yudhishtira play the game
representing their teams Kauravas and Pandavas respectively. They take turns to
roll the dice, before which they predict the outcome of the dice and gamble. The
team to guess the number correctly wins the round and acquires the prize at stake.
14

“ … Sakuni:
The great-minded player who knows his numbers and has an eye out for
the artful ploy, who never tires of throwing the dice and understands their
subtleties, can achieve anything in a game. Gambling can defeat an
enemy. Partha, which is why people say it is wicked. Let us play! Great
sovereign, do not dither. Let us set the stakes and stop dallying.!” [1]

Sakuni is the holder of a pair of magical dice that casts a number as per his wish.
Unaware of this trickery, the naive Pandavas begin betting and losing their
belongings one by one – gems, jewelry, army, and their palace, which they
diligently built from scratch. The situation turns disorderly when they wager
themselves, their wife Draupadi, lose the game and become the slaves. When the
Kauravas begin to verbally and physically humiliate Draupadi, the king interferes
and calls the game off. He orders for the Pandavas to be sent back with their
freedom and everything they lost. This disappoints the Kauravas as that would be
an unfair outcome to a fair game. They convince the king to allow them one last
round, where the winner gets to keep the whole empire and the losers must go on
an exile to the forest for twelve years and live incognito for a year after. And after
the thirteen years, they will return to claim their kingdom back. The Pandavas lose
again and depart with the burden of the shame remained. The gambling feature is
not included in the current version of Dhayam VR but is a potential expansion
feature.
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Impact of Random Number Generation in Games
Introducing the element of chance makes the gameplay of board games
more challenging and interesting. For instance, Chess has a set of rules that
determine the movement of the game pieces, based on their category. For
example, a pawn can move only one square forward at a time whereas the queen
is allowed to move in any direction and any number of squares. The progress of
the game depends on how each player plays their turn and their moves directly
affect the strategy of their opponent. Ludo is also a game of strategy but the
movement of the pieces is determined by a throw of dice. In this case, the chance
factor controls the progress of the game and provides all players with equal
probability at winning, making the game more interesting.
Catan, formerly known as The Settlers of Catan, is a multiplayer board
game designed by Klaus Teuber and first published in 1995, in Germany [8]. It is
a great example of a game driven by the element of chance. The players take on
the role of settlers who attempt to build and develop holdings, while trading and
acquiring resources. The players gain points as the settlement grows and the first
to reach a set number of victory points, typically ten, wins.
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Figure 15. Klaus Teuber. Settlers of Catan. (1995). Game
The gameboard represents an island comprised of hexagonal tiles (hexes) of
different land types. The tiles are arranged randomly for each game. There is also
a set of several chips that show the possible outcomes of the dice, which are also
randomly placed to correspond with each hex. Before the game begins, the players
get to build two settlements each on the hex intersections, to determine what
resources they will generate. During the gameplay, each player takes a turn to roll
a pair of regular six-sided dice to generate resources. Say a player rolls an eight
on his turn, every player who has a settlement adjacent to the number eight on the
board will receive one resource of the land that it corresponds to. Resources can
then be used to trade, buy, build, and expand their property. Although it is up to the
players on what strategies they want to use to reach the goal, the instance of the
17

dice reshapes the advancement of the game. As the resources are generated
primarily by rolling of the dice, the players have to constantly keep adapting their
strategies based on what and how many resources they earn every turn. Like
Catan, Dhayam VR also uses the random number element, making the gameplay
more engaging.

Figure 16. Youtube. Catan Universe. (2016). Screenshot
In 2016 Catan released Catan Universe which is a multi-platform digital
version of the board game that can be played across PC and mobile phones [8].
Following that in 2019, Experiment 7, Asmodee Digital and Catan Studio
collaboratively launched Catan VR, the virtual reality version that is compatible
across various headsets [9]. It allows the players to immerse themselves in the
virtual world and experience the island come to life with animations and an
interactive environment. Catan VR stands as a predecessor to Dhayam VR about
the concept and technology of converting board games into virtual reality.
18

Overview of Production
Dhayam VR in its first and current version as a single-player virtual
experience acts as a tutorial level for an expandable game. This version allows the
player to explore the virtual environment, get familiar with the gameplay, and unfold
the story of Mahabharata through details about the epic. Like the human-size
Wizard’s Chess game from Harry Potter and The Sorcerer’s Stone, the players
can physically move around the game board, in a room-scale environment.
I followed a linear production pipeline, beginning with determining the
requirements of the experience such as gameplay rules, narrative elements, and
technology. Based on this, I created the concept art for the environment and
characters using Adobe Photoshop. For the production process, I used Autodesk
Maya to build the 3D models and textured them using Substance Painter. I then
imported all the completed assets and other necessary resources such as audio
and playable videos into Unity to set up the virtual environment and program the
gameplay. In the end, I shipped the finished project as an android SDK output and
installed it in Oculus Quest, where a player could experience it.
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Pre-Production
I created the character and environment sketches in Adobe Photoshop
using a pen tablet. This allowed me to use reference images of existing materials
and enhance them with my designs. The concept designs were majorly influenced
by the existing visual representations of Mahabharata available in forms of
storybooks, cartoons, tv shows, and animated movies. The characters were going
to represent solid play pieces/pawns and did not require any animations. Hence, I
composed the characters only up to the waist and did not include arms and mouth,
keeping the designs minimal. As the game was originally intended to be a
multiplayer version, I created designs for three characters per team. With the
changes in the scope of the project, I used only Draupathi for the current version.

20

Figure 17. Monisha Selvaraj. Pandavas Concept Art. (2019). Digital

Figure 18. Monisha Selvaraj. Kauravas Concept Art. (2019). Digital
21

The environment design was inspired by the dialogue said by King Dhirdharashtra
in Mahabharata [10]. As the game board was going to be human-size, I wanted
the environment to be majestic and distinctly represent the narrative.

Figure 19. Monisha Selvaraj. Environment Concept Art. (2019). Digital
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Asset Creation
Considering the existing portrayals of Mahabharata which uses realistic
human characters and the available production time, I chose to create the 3D
models in geometric and low-poly form, using Autodesk Maya. I believed that the
stylized assets will give the traditional tale a modern expression. It also helped in
maintaining the project size to a minimum.

Figure 20. Monisha Selvaraj. Draupathi Model. (2020). Maya
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Figure 21. Monisha Selvaraj. Props Model. (2020). Maya

To create the textures, I followed the physically-based rendering (PBR)
pipeline in Substance Painter. Although the models were stylized, I designed the
textures with vibrant colors and detailed designs as I wanted it to embody the
traditional and intricate art style of Indian culture. Dhayam VR also showcases
some of the Kalas – the 64 traditional arts of ancient India through assets. The
clothes of the character piece feature Suchi-Vaya-karma – the art of needleworks
and weaving through its floral embroidery. The pots and vases that are used to
populate the environment have a metallic finish to them, featuring Dhatu-vada –
the art of metallurgy [7].
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Figure 22. Monisha Selvaraj. Draupadi Game Asset. (2020). Substance

I used smart materials in Substance Painter to create the base layers and
adjusted the properties to achieve the desired look. To create the design details, I
primarily sketched them in a new layer using default brushes and stamps. For
some of the designs such as the peacock engraving on the king’s throne, I
combined vector images and created a simplified illustrator of a peacock using
Adobe Photoshop. I imported the black and white image as an alpha stencil into
substance and stamped it on a new layer.
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Figure 23. Monisha Selvaraj. Throne Game Asset. (2020). Substance

Figure 24. Monisha Selvaraj. Peacock Stencil. (2020). Photoshop
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I assembled a major part of the environment in Autodesk Maya and exported the
models in FBX formats. The exported the completed textures as four maps –
Albedo, Height, Metallic Smoothness, and Normal. I created materials in Unity for
each object and connected the maps to their respective channels.

Figure 25. Monisha Selvaraj. Albedo Map. (2020). Substance

Figure 26. Monisha Selvaraj. Height Map. (2020). Substance
27

Figure 27. Monisha Selvaraj. Metallic Smoothness. (2020). Substance

Figure 28. Monisha Selvaraj. Normal Map. (2020). Substance

All the other assets such as the dice, game board, stands, etc were added
separately in addition to the basic set up of the scene. The following are some of
the completed assets that are featured in the game.
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Figure 29. Monisha Selvaraj. Ministry Chair Asset. (2020). Substance

Figure 30. Monisha Selvaraj. Stairs Asset. (2020). Substance
29

Figure 31. Monisha Selvaraj. Column Asset. (2020). Substance

Figure 32. Monisha Selvaraj. Pillar Asset. (2020). Substance
30

Figure 33. Monisha Selvaraj. Metal Props. (2020). Substance
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Programming
The most important aspect of Dhayam VR is its scale. I wanted the game
to be experienced in a large room, hence I chose to integrate it with Oculus Quest
as it enables the player to move around the room freely without being tethered to
the wires. I then set up an Android project in Unity and used the Oculus Integration
package available for free on the Unity asset store. The package included an
Oculus VR (OVR) Camera which automatically generated the virtual reality view
for the project. It also contained the Oculus hands recognition plugin which allowed
the players to their own hands to interact with the game objects. After the initial
stages of testing of the interactions, I noticed that the hand gestures needed to be
in a specific way, for example, pinching gesture with thumb and index finger, for
the headset to recognize the action. Otherwise, the grabbing action would repel
the object. I eventually decided to use the controllers instead of the hands. A C#
script named “Grabbable” (included in the Oculus Integration package) should be
added as a component on an object, to make it grabbable by the Oculus
controllers.
Besides this, there was a list of interactions that forms the gameplay of
Dhayam VR, for which I used customized C# scripts. Firstly, I wanted a number
between one through six, and 12 to be generated when the dice is rolled. These
are the range of numbers that a regular pair of oblong four-sided dice can spawn.
32

Then, the number generated will display on the walls, as a part of the design. The
dice will also break on coming in contact with the game board, disappear and
respawn at its original position for the player to access it again. Based on the dice
outcome, the player has to move the pawn on the board which would display
fragments from the story of Mahabharata. I achieved these sequences of actions
using a few lines of code that consisted of a random number generator, collision
trigger, and an array system.

Figure 34. Monisha Selvaraj. Dice Collision Script. (2020). Image
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Figure 35. Monisha Selvaraj. Board Collision Script. (2020). Image

I created various tags for the game objects in Unity, such as Board, Pawn,
Destructible, etc. I assigned actions to be triggered by the objects when colliding
with another, based on their category of tags. An object tagged “Destructible” will
disappear after time on collision. And an object tagged “Pawn” on collision will
enable the display of a fact board. The fact boards and dice numbers were made
to display based an array system in which the images were created and attached
as individual game objects.
34

Figure 36. Monisha Selvaraj. Fact Display Board. (2020). Photoshop

Figure 37. Monisha Selvaraj. Array system. (2020). Unity
35

Post-Production

Figure 38. Monisha Selvaraj. Dhayam VR Menu Scene. (2020). Unity
During the final stages of production, I created two scenes for the gameplay.
The experience begins in the main menu scene where a video introduces the
narrative of Mahabharata to the player, following which the player can start the
scene game scene. The next scene will begin with another video reading out the
instructions of the gameplay after which the player can interact with the
36

environment. To create both the introductory videos, I began with composing the
images using a combination of Adobe Photoshop and Substance Painter and put
them together in After Effects as a video. I exported them in H.264 video formats
and connected them to the game objects as materials. Unity provides a video
source component that allows game objects to display MP4 videos.
Audio plays an important role in enhancing gameplay or virtual experience.
With the help of the Audio Source component in Unity, I attached ambient sound
and sound effects [11] to game objects. As another embodiment of Kalas, I used
“Flute Meditation – Durga” [12], an original instrumental soundtrack, created by
Flutist Navin for ambiance. It represents Vina-Damuraka-vadya – the art of playing
on flute and a small drum [7]. Also, I recorded voiceovers reciting all the textual
information such as fact boards, instructions, and backstory that are displayed in
various parts of the game. On completion, I exported the project as an Android
SDK file and manually installed it in the Oculus Quest VR Headset.

Figure 39. Monisha Selvaraj. Dhayam VR Game Scene. (2020). Unity
37

Conclusion
I believe that Dhayam VR stands as a successful attempt to verify if
translating a traditional board game into a virtual reality experience can make it
more expressive, engaging, and educative. Beyond the game being created in
virtual reality itself which makes it immersive, it consists of three distinct elements
that enhance the gameplay experience. Firstly, the backstory of Dhayam VR is
inspired by Mahabharata. The environment and all the components are
expressions of the story, which makes the game driven by a ‘narrative element’.
Secondly, the inclusion of audio, voice-overs, and animations makes the gameplay
interactive and keeps the player engaged. These components cannot be found in
a regular board game. Lastly, Dhayam VR allows the player to unfold the story of
Mahabharata through the trivia displays, which makes the experience educative.
It demonstrates that using the digital platform to adapt traditional activities will
provide designers with a space to be expressive. It also gives us the ability to
contribute towards keeping the traditional art forms alive and accessible to the
current and future generations.
Through continuous research and development, many possible features
could be included in the expanded version of the game. I aim to create a version
of the game for mobile/tablets and PC/Console as it has a wider reach. Enabling
multiplayer and AI features will allow players to have a competitive gameplay
38

experience. Including the options to gamble and play mini-quests will create a
further connection to Mahabharata and Kalas.
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