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Abstract 

 

Gaming industry and game development are quickly growing. However, learning game development is often a challenge for Computer 

Science (CS) students. In this paper, we introduce a student project for designing and developing a game prototype with details. In the 

project we combine a few essential game features by implementing multiple play modes, NPCs, and randomness and varieties. We 

especially introduce the use of artificial intelligence (AI) in simulating the behaviors of intelligent agents, which we believe can be 

beneficial to the understanding of AI applications in gaming. In addition, the design ideas and implementation details can be helpful 

to the design of student game projects in CS teaching and may also inspire the development of other games. 
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1 Introduction  

Video games own billions of players around the world. According to a 

recent report from Entertainment Software Association (ESA, 2019), 

about 65% American adults play video games. Gaming industry and game 

development have become a quickly growing business nowadays. Due to 

the popularity of game industries and tremendous job opportunities, col-

lege students show high enthusiasm in game playing and game develop-

ment. As reported by ESA, 52% of gamers are college educated. The fact 

reflects the great needs from college students to learn gaming knowledge 

and corresponding developing techniques. On the other hand, because de-

veloping a video game usually requires multidiscipline knowledge such as 

computer programming, math, and arts, making game development a dif-

ficult task for many students. According to the author’s teaching experi-

ence on university game programming courses, learning and inde-

pendently designing and developing a single-player casual game within a 

four-month semester is still a challenge for many CS students.  

 

Here we present a case study of a game development project at Univer-

sity of Houston - Downtown. In this project, a computer science student 

independently developed a game that involves the essential game compo-

nents. The process of completing the project is also the process of learning 

the knowledge of game development. We tried to integrate necessary 

modules into one project, in order to make the student understand the ab-

stract game concepts and programming methodology. We found that a 

carefully designed game project can motivate student learning interest and 

promote their critical thinking skills. At the same time, the game develop-

ment can also facilitate the study of other fields, especially Artificial In-

telligence (AI).  AI emerged as a field in the 1950s. It is focused on mimic 

the cognitive functions of the human mind (Russell, 2009). Due to the 

width and the depth of AI theories, teaching AI algorithms usually is con-

sidered “painful” (Woolf et al., 2013). Since AI plays an important role in 

the game development, we also expect that the application of AI ideas in 

game design can make AI concepts concrete and vivid to students, thus 

strengthening their understanding and integration of the knowledge sys-

tem. 

2 Related Work 

The task of the project is to develop a 2D tower defense game. Tower 

defense is a subgenre of the strategy games, where the player’s goal is to 

defend her territories (or objects) from enemies (Avery, 2011). The 

player can achieve this goal by obstructing enemies’ path with defensive 

objects, which will act automatically to attack or destroy enemies or hin-

der enemies.  A game of a new take on the tower defense genre is the 

game Plants vs. Zombies by PopCap Games. In this game, the player 

uses plants (seed packets) which cost sun (the currency) to defend their 

house from hordes of zombies. Screenshots of the game are shown in 

Figure 1. 

 

Our project attempts to give a refreshing take on tower defense with 

attractive features that captivated players within other popular games. 

One of the game features, the conveyor-belt levels in Plants vs. Zombies 
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is a feature incorporated into this game as a gameplay mode. In the con-

veyor-belt level, there is no sun cost (sun is used to use the seed packets), 

so plants that produce no sun is given. The player is given random seed 

packets via a conveyor-belt, this mechanism is called “Special Delivery”. 

Once the conveyor-belt is full, player cannot receive more seed packets, 

so the player must use up the remaining plants before new plants are de-

livered to the player. This game gained recognition and popularity for 

keeping the player engaged in addictive, attractive and unique gameplay. 

Because of the multitude of features presented in the game and the sim-

plicity of the player goal in the game, a 2D tower defense game became 

the most feasible solution to create an engaging game within a given 

time frame as a student project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. The game Plants vs. Zombies: Normal level (upper); Conveyor-Belt level (lower). 

 

3 Game Design 

When designing the project, we intend to include the essential game ele-

ments proposed by Adams (Adams, 2014): play activity, pretended reality, 

goal, and rules. Play activity defines the level of participation from the 

player. Pretended reality is the environment created by the game devel-

oper, and the virtual world that the player will perceive once playing the 

game. Goal involves challenges to the game players in order to motivate 

the game playing. Rules provide instructions and restrictions to guide the 

playing activities. Our design of each element is described in the follow-

ing. 

 

 Goal 

The virtual game world that we built includes characters and resource 

objects. The goal of the game is to defeat enemies and prevent them from 

crossing over the barrier. This requires the player to actively strategize 

the uses of resource objects, such as adding wall units to prevent the en-

emy moving. The player will combat three waves (invasions) of enemies 

per level and manage their resources to advance in the game until the 

game end conditions are met.  

 

 Rules 

In this game, the player can place resource objects (such as wall units 

and bombs) in the game world. Once player places a unit onto the game 

field, player cannot move it, until a wave of enemies is eliminated, and 

the next enemy wave starts. The player has three lives in each level, and 

the duration of a life (i.e. health points) will decrease if attacked by the 

enemies and increase with a healing resource object. The result of the 

game varies by the gameplay modes, i.e., Normal mode, Survival mode, 

and Surprise mode. Detail of the gameplay modes is introduced in 4.2. 

 

 Play 

The game included various gameplay modes, which provide challenges 

and variations for the player. The player would need to develop a strat-

egy to place their limited resource objects, in order to defeat the enemies 

and protect their domain from the invasions. For certain levels in specific 

gameplay modes, the player would receive rewards for their progress.  

 

 Pretended reality 

Video games often contain various agents in the virtual game world. One 

typical category of agents is the non-player characters (NPCs). NPCs are 

autonomously computer controlled. Their behaviors in the game world are 

programmed by the game developer. As mentioned by Eichenbaum et al., 

the fun in playing video games is greatly affected by the procedure that 

players learn to succeed on “a set of tasks that are initially quite difficult” 

(Eichenbaum et al., 2014). Having rational NPCs that can respond based 

on the player’s actions is crucial to a game, because a player would be-

come more involved in the game if there is a level of challenge and diffi-

cultly. If NPCs ignore player actions and do not act rationally (e.g. what a 

human may consider logical), the game will not be engaging or convinc-

ing, thus decreasing the player experience of fun playing. Towards that 

goal, we designed two types of intelligent agents (IAs), Enemy and Ally, 

that either act independently from player or dependently based on the 

player decisions and environment. The Enemy agents would attempt to 

hinder the player, whereas the goal of the Ally agents is to assist the player 

by seeking and collecting items for the player in order to defeat the Enemy 

agents. The enemy and ally IAs can move intelligently based on the pro-

grammed AI.  The enemy wanders and avoids obstacles set by the player, 

while the ally moves towards the direction of its target. 

 

 

 

 

         

 
Fig. 2. An Enemy agent (left) and an Ally agent (right). 

 

4 Implementation 

To begin the development of the game, the in-game objects must be de-

fined. We use Processing, an open source computer language and inte-

grated development environment (Reas and Fry, 2014). The program-

ming can be implemented using the Java language. 

4.1 Entities in the game 
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Within the game there would exist enemy units and player units. The 

player units consist of four types of units: ally, wall, trap, and golem. 

Constructing the player units has virtual costs in the game. We define 

four classes in Java for the four types accordingly.  

 Ally units can seek items and attack enemies. The moving of ally 

units is not controlled by the player but the programmed game AI. 

They will support the player and act independent of the player ac-

tions.  

 Wall units can stop enemies from moving momentarily and have 

high health points (HP). The wall unit is an inexpensive unit that al-

lows the player to build their defenses.  

 Golem units can attack enemies within a distance by causing harms 

(i.e. making enemies lose HPs). 

 Trap units can instantly destroy enemies that step onto them. When 

normal enemy units encounter the pitfalls, they will be destroyed and 

removed from the game field. Player cannot remove a pitfall until 

the pitfall becomes ‘full’ (e.g. the maximum of enemy units in pitfall 

reached). The trap unit is uncommon to tower defense games, be-

cause enemies in traditional tower defense games do not cross paths 

with player units, trap units would not exist in that game environ-

ment. The trap unit is like the land-mine in Plants vs. Zombies which 

will detonate whenever enemies step on the trap. However, unlike 

the land-mine, the trap unit in the project can be used more than 

once. 

 

In addition to the above four classes, we define the class for enemies. 

Enemies can attack and destroy player units. The enemy units have two 

types, normal and boss, which determine whether the enemy will be af-

fected by the player units. Unlike normal enemies, the boss enemies can-

not be defeated by a trap unit. The conclusion of the above entities/clas-

ses is shown in Table 1. A screenshot of the game scene is shown in Fig-

ure 3, where the bottom of the lower image shows the enemy units and 

the player units. 

 

 

Table 1. Description of Entities 

Entity Description 

Enemy  Ability: can attack player 

Attributes:  normal enemy can be defeated by trap; 

boss enemy is immune to trap. 

Ally Unit  Ability: can seek and attack enemies 

Attributes: has stamina, animation, and automa-

tously moves.  

Wall Unit  Ability: can stop enemies 

Attributes: has high health points (HPs). 

Trap Unit  Ability: can instantly destroy enemies 

Attributes: has a counter for caught enemies and 

maximum capacity. 

Golem 

Unit  

Ability: can attack enemies within a distance 

Attributes: has a distance of influence 

 

 

 

 

 

 

 

 

 

Fig. 3. Upper: game menu(s); Lower: a screenshot of the game scene. 

 

4.2 Play Modes 

In many games, there exists gameplay modes that give players a variety 

of choices to enhance the player’s gaming experience. In this game, we 

provide three gameplay modes: normal, survival, and surprise.  

 

• Normal mode: this mode consists of the traditional gameplay of tower 

defense games. The player can choose from four types of units: ally, 

wall, trap, and golem. There can only exist one ally unit at any time in 

the normal mode. Placing a player unit onto the field has costs. 

 

• Survival mode: In this mode, the resources are limited. The play has to 

manage the resources to avoid being defeated by enemies within a 

given time. After the initial resource items are used, no more items will 

appear. Like normal mode, player can choose their units, and there can 

only exist one ally unit at any given time. The more waves of enemies 

the player defeats, the greater the rewards. The survival mode chal-

lenges the player’s reaction and manipulating speed. 

 
• Surprise mode: the player can only use the randomly generated units, 

such as initial resources and enemies. On one side, because it is possible 

to have multiple ally units, the player can be more powerful than in the 

other two modes. One the other side, the number of enemies and their 

types can make the game extremely challenging to the player. This 

mode provides most randomness and variations, giving surprises to the 

player. 

 

In the normal and surprise modes, the player will win the game by mak-

ing it to the end of the level with lives remaining. In the survival mode, 

the player tries to maintain a life for a period of time then win the game; 

it challenges the player to quickly manage their given resources and con-

quer as many enemies as possible.  
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4.3 Game AI 

As pointed by Miikkulainen, “games are challenging yet easy to formalize, 

they can be used as platforms for the development of new AI methods and 

for measuring how well they work” (Miikkulainen, 2006). The game AI 

is an important aspect that we intend to explore in this project. 

 

The Game AI in this project is focused on the behavior of the IAs. An 

object can change its state with time or invoked by an event. To implement 

the transitions from one state to another, the game employs a push-down 

automaton (PDA). A PDA is an extension of finite-state machine (FSM), 

however, a PDA can recall the history of states whereas an FSM cannot. 

In a PDA, the new state is pushed onto the stack, while keeping the previ-

ous state in memory. Here our intention to use PDA is that once the enemy 

and ally units have completed a state, we want them to revert to their pre-

vious state, which can be easily found from PDA. 

   

The enemy units have three possible states: wander, attack, and flee. 

The start of the stack for enemies is the wander state. Once an enemy is 

in-range of a player unit the attack state will be pushed onto the stack, and 

then the enemy will attack. Once the attack state is complete, the state will 

be popped from PDA, and the enemy will resume the initial wander state 

that is on top of the stack. If the enemy has low HP, the flee state will be 

pushed, and the enemy will avoid player units if possible; the flee state 

will be popped if the enemy regains HP. 

 

In the same way, the ally unit(s) have five possible states: idle, seek, 

wander, rest, and flee. The initial start stack for the ally unit is the idle 

state. For the player ally unit, the wander state is pushed whenever there 

are enemies out-of-range and on the field; meanwhile, the attack state is 

pushed whenever the enemy units are in-range of the ally unit. If items 

exist on the field and no enemies are in-range, the seek state will be 

pushed, and the ally unit will seek and collect items for the player. The 

ally unit will lose HP when it is not in idle state or rest state; when in rest 

state, the ally unit will gain HP. If the ally unit HP is less than the full HP 

bar, then the rest state is pushed onto the stack. The usual behavior pattern 

would be for the ally unit would for the ally unit to remain idle before 

wave starts and then seek objects and if enemies are in range, go attack 

enemies, and rest when out of stamina. The example stack is displayed in 

Figure 4. 

 

 

 
Fig. 4. Example Pushdown Automata for Ally Unit. 

 

 

 

Based on the entities and the states, we define their movements. Here 

the Enemy units are the primary mass of objects (except in the surprise 

mode we may have multiple Ally units), and they must move reasonably 

by following some rules. Each enemy must behave uniformly when in a 

group, meaning not colliding with each other and moving in same direc-

tion. This intended behavior is called flocking behavior (Nara, 2012). We 

simulate the flocking behavior using the rules of boids (Reynolds, 1987) 

as the following (also see Figure 5).  

• separation: the moving unit will steer to avoid crowding other units 

• alignment: the moving unit will steer towards the average heading of 

the community of all units 

• cohesion: the moving unit will steer to move towards the center of the 

community of all units 

 

 

 
 

Fig. 5. Flocking behaviors (Reynolds, 1987): Alignment (Left). Separation (Center). 

Cohesion (Right). 

 

 

To avoid having objects collide with each other, collision detection is 

implemented. Collision detection is used by NPCs (i.e. Enemy and Ally 

agents). Each NPC object will search an ArrayList (a dynamic array in 

Java) of objects and compare distances of the other objects and itself to 

determine if the object is too close to another object. First, the distance 

between two objects is calculated and if the distance is less than a speci-

fied value, then an opposing vector between the objects is found and 

added to the current object’s velocity. 

 

The desired vector, or the opposing vector, is obtained by subtracting 

the current object’s position from the position of the detected object. The 

steer vector is also obtained, by subtracting the velocity vector of the 

current enemy object and the desired vector. After obtaining the vectors, 

the program sets the magnitude of the desired vector, then adds the steer 

vector to acceleration. Finally, the program updates the motion proper-

ties of the object calling the detection function. 

 

With collision detection in the game, the player will perceive the 

NPCs as rational, since enemies would move away from player units and 

not walk over player units. If enemies collide with other objects, the en-

emy NPCs would not be considered intelligent or rational. After all, the 

rational action would be to move out of the way if an object is obstruct-

ing the way; which is why collision detection is necessary in game AI. 

Once the collision detection and avoidance are in place, enemy move-

ment had to be fine-tuned within the array of enemy objects. 

4.4 Player Choices and Game Balance 

In addition to the game AI, we also implemented two components of the 

playful model proposed by Ferrara (Ferrara, 2011): player choices and 

game balance. Other components of the playful model include motivation, 

usability, and aesthetics. Here our rationale is that students have more 

space to explore the game design and AI programming in player choices 

and game balance, while other components focus more on the interface 

construction and artistic design.  

   
In order to increase the weight of player choices, various limitations 

are applied to the player units. Adding limitations ensure that the player 

will not use only one unit over other units or develop a dominant strat-

egy. A dominant strategy is that the one that can generate an overwhelm-

ing payoff compared with whatever other strategies the player may use 

(Reas and Fry, 2014). If the player can develop a dominant strategy to 

reach the goal, then the game becomes repetitive and eventually players 
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lose interest in the game. Different player units with different costs, abil-

ities, limitations, can encourage the player to make meaningful choices 

and develop strategies to reach the game goal. 

 

We apply limitations to player units, in order to achieve the game bal-

ance. Those limitations are based on four attributes: costs, cooldown 

time, attack ability, and attack power. For example, the player cannot use 

only the wall unit to win. Because the wall unit has no attack ability, the 

player can only defend for a short amount of time before the enemies de-

stroy the walls and break through the player’s defenses. Likewise, the 

player cannot use only the golem unit, since the golem has low attack 

power and requires the player to upgrade the attack power; the golems 

will not be able to destroy all enemies before the player runs out of re-

sources to build more golem units. The ally unit is a powerful unit to 

support the player. However, it has a cooldown time, so the player can-

not solely rely on ally to defeat all enemies. Similarly we set the cost 

limitation. The trap unit has the highest cost to use and a capacity thresh-

old (i.e., the maximum number of enemies that the trap can destroy) be-

fore the player needs to upgrade the trap. If the player tends to rely on 

trap only, she will run out of resources at the beginning of the level and 

will not be able to regain resources if the traps are full, thus will slowly 

lose if too many enemies appear at once.  

 

Although there are limitations to player units, there are opportunities 

for the player to offset the limitations in the core mechanics of the game. 

Through the upgrade system, the player can increase the player units’ 

abilities and make them stronger than they were in the beginning. Each 

player unit has a set of possible upgrades (shown in Figure 6) that will 

increase the abilities of the unit, as follows: 

• HP+: Increase unit’s HP. 

• Attack+: Increase unit’s attack power. 

• Range+: Increase unit’s attack range. 

• Evolve: Increase all abilities. 

• Capacity: Increase maximum allowed victim count for the trap. 

• Mystery: Random advantage or disadvantage to player. 

• Remove: Remove the player unit from the field.  

 

 

 

 

Fig. 6. Icons of Upgrades. From left to right: HP+, Attack+, Range+, Evolve, Capacity, 

Mystery, and Remove. 

 
 

The upgrade list varies for each type of player unit. Wall and trap 

units do not have the ability to attack, so the ‘Attack+’ or the ‘Range+’ 

upgrade would not be available to these units. The ‘Capacity’ upgrade 

would only apply to trap units. The ‘Remove’ upgrade does not improve 

a unit’s abilities; it removes the unit. Although ‘Remove’ is not actually 

an upgrade, since it makes the removal of a player unit easier, we also in-

clude it in the upgrade list. After the player upgrade units’ skills, the cost 

(to upgrade) and the skill level will increase linearly and incrementally 

respectively.  

 

On the other hand, in order to decrease predictability of the game for 

the player, we incorporate random elements in the game. Random ele-

ments are things out of the player’s control, and their existence in the 

game will increase the variety of possibilities and fun of gameplay. First 

random element, the number of items on the field, is generated at the be-

ginning of the level. Another random element is the selection of player 

units, available to the player in the surprise mode. Random elements also 

affect enemy movements at runtime, such as to decide an enemy’s mov-

ing direction, or the number of enemies in each wave. Player can play 

the game repeatedly and get different results in each playthrough. 

5 Conclusion and Future Work 

In the above sections, we introduced designing and developing of a game 

prototype. In this project, we explored several features of game develop-

ment, such as multiple game play modes, NPCs, randomness and varieties, 

and game AI. By thinking in terms of how the player would play the game 

or how to improve the player’s experience in the game, the project fleshed 

out ideas that attempted to keep the player engaged in gameplay. When 

thinking as a developer, the goal is how to implement the functions and 

ideas in the core mechanics to achieve the desired modules. When there 

was a decent amount of functions in the game, the focus shifted to balance 

the game and work in the AI system with the other game features to create 

entertaining yet challenging gameplay for the player. 

 

One feature that we would like to improve in the future is the reward 

system. A reward system provides the player with various incentives to 

get the player interested and more involved. Ideally, after the player 

clears a region (or certain number of levels), the player would receive 

new units of their choice that have unique abilities helpful for defeating 

enemies. Also, after every few levels, the player would get to choose a 

small reward from a set of random rewards from the list of rewards. In 

the future, the upgrades would be able to do more, such as actually 

evolving units and adding extra abilities. Furthermore, along with func-

tionality based on regions in the game field, there would be different 

maps and themes for levels, adding variations to the game. The map 

would include different enemies and challenges specific for each region. 

Accordingly the player must factor into their strategies to progress. This 

will also increase the difficulty and fun of gameplay. 
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