COMPUTATIONAL THINKING FOR GAME DESIGN

COMPUTATIONAL THINKING FOR GAME DEsIGN: A DEVELOPER'S ToOLKIT

COMPUTATIONAL THINKING FOR GAME DESIGN IS AN INDISPENSABLE SKILL SET THAT EMPOWERS DEVELOPERS TO CRAFT MORE
ENGAGING, EFFICIENT, AND INNOVATIVE GAMING EXPERIENCES. [T°S NOT JUST ABOUT WRITING CODE; IT'S A STRUCTURED
APPROACH TO PROBLEM-SOLVING THAT MIRRORS HOW COMPUTERS PROCESS INFORMATION. BY BREAKING DOWN COMPLEX GAME
MECHANICS INTO MANAGEABLE STEPS, IDENTIFYING PATTERNS, ABSTRACTING ESSENTIAL ELEMENTS, AND DESIGNING ALGORITHMS,
GAME DESIGNERS CAN TACKLE CHALLENGES FROM Al BEHAVIOR TO LEVEL GENERATION WITH GREATER CLARITY AND PRECISION.
THIS ARTICLE WILL DELVE DEEP INTO THE CORE PRINCIPLES OF COMPUTATIONAL THINKING AND DEMONSTRATE THEIR PRACTICAL
APPLICATION THROUGHOUT THE GAME DEVELOPMENT LIFECYCLE, FROM INITIAL CONCEPT TO POLISHED PRODUCT. WE wiLL
EXPLORE HOW DECOMPOSITION, PATTERN RECOGNITION, ABSTRACTION, AND ALGORITHMS CAN TRANSFORM THE WAY YOU
APPROACH GAME DESIGN CHALLENGES, ULTIMATELY LEADING TO MORE ROBUST AND ENJOYABLE GAMES.
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DecoMPoSITION: BREAKING DowN THE GAME

DECOMPOSITION IS PERHAPS THE MOST FOUNDATIONAL ELEMENT OF COMPUTATIONAL THINKING. IN THE CONTEXT OF GAME
DESIGN, IT MEANS TAKING A LARGE, COMPLEX PROBLEM — LIKE DESIGNING AN ENTIRE GAME WORLD OR A SOPHISTICATED COMBAT
SYSTEM — AND BREAKING IT DOWN INTO SMALLER, MORE MANAGEABLE SUB-PROBLEMS. THINK OF IT LIKE DISSECTING A
MAGNIFICENT, INTRICATE CLOCK. INSTEAD OF TRYING TO UNDERSTAND THE ENTIRE MECHANISM AT ONCE, YOU’D FIRST IDENTIFY
THE MAIN GEARS, THEN THE SPRINGS, THEN THE ESCAPEMENT, AND SO ON. EACH COMPONENT IS A SIMPLER PROBLEM IN ITSELF. FOR
GAME DESIGNERS, THIS TRANSLATES TO ANALYZING CORE GAMEPLAY LOOPS, CHARACTER ABILITIES, ENEMY Al BEHAVIORS, Ul
ELEMENTS, OR EVEN THE NARRATIVE STRUCTURE. EACH OF THESE CAN BE ISOLATED AND ADDRESSED INDIVIDUALLY, MAKING THE
OVERALL DEVELOPMENT PROCESS FAR LESS DAUNTING AND MUCH MORE ORGANIZED.

For INSTANCE, CONSIDER THE DESIGN OF A CHARACTER’S MOVEMENT SYSTEM. INSTEAD OF JUST THINKING "“THE CHARACTER NEEDS
TO MOVE,“ DECOMPOSITION ALLOWS YOU TO BREAK THIS DOWN INTO: HORIZONTAL MOVEMENT, VERTICAL JUMPING,
CROUCHING, SPRINTING, AND POTENTIALLY SPECIAL MOVES. EACH OF THESE CAN THEN BE FURTHER DECOMPOSED. HORIZONTAL
MOVEMENT MIGHT INVOLVE INPUT HANDLING, VELOCITY CALCULATIONS, COLLISION DETECTION, AND ANIMATION STATES. THIS
METICULOUS BREAKDOWN ENSURES THAT NO CRUCIAL ASPECT IS OVERLOOKED AND THAT EACH COMPONENT CAN BE DEVELOPED,
TESTED, AND REFINED INDEPENDENTLY BEFORE BEING INTEGRATED INTO THE WHOLE. THIS MODULAR APPROACH IS A CORNERSTONE
OF EFFICIENT AND SCALABLE GAME DEVELOPMENT.

CHARACTER ABILITIES AS DECOMPOSED SYSTEMS

CHARACTER ABILITIES, A STAPLE IN MANY GAME GENRES, ARE PRIME CANDIDATES FOR DECOMPOSITION. A CHARACTER’S
“FIrEBALL” ABILITY, FOR EXAMPLE, ISN,TJUST A SINGLE ACTION. |T INVOLVES SEVERAL DISTINCT COMPONENTS THAT CAN BE
ANALYZED SEPARATELY. WE CAN BREAK IT DOWN INTO:

® PLAYER INPUT DETECTION (PRESSING THE ATTACK BUTTON).

® RESOURCE MANAGEMENT (CHECKING IF THE PLAYER HAS ENOUGH MANA OR STAMINA).



PROJECTILE INSTANTIATION (CREATING THE FIREBALL OBJECT).

® PROJECTILE PHYSICS (DETERMINING ITS TRAJECTORY, SPEED, AND COLLISION PROPERTIES).
® |MPACT DETECTION (\X/HAT HAPPENS WHEN THE FIREBALL HITS AN ENEMY OR ENVIRONMENT).
* DAMAGE APPLICATION (REDUCING THE ENEMY’S HEALTH).

e VISUAL AND AUDITORY FEEDBACK (PARTICLE EFFECTS, SOUND CUES).

BY DISSECTING THE ABILITY INTO THESE GRANULAR PARTS, DESIGNERS AND PROGRAMMERS CAN FOCUS ON PERFECTING EACH
ELEMENT. THIS MAKES DEBUGGING EASIER, ALLOWS FOR ITERATIVE IMPROVEMENTS, AND FACILITATES THE ADDITION OF NEW
ABILITIES LATER ON, AS THE UNDERLYING SYSTEM IS ALREADY WELL-DEFINED AND UNDERSTOOD.

LeveL DesiGN THROUGH DECOMPOSITION

LEVEL DESIGN ITSELF CAN BE APPROACHED WITH DECOMPOSITION. INSTEAD OF ENVISIONING A SPRAWLING MAP, A DESIGNER MIGHT
BREAK IT DOWN INTO DISTINCT AREAS OR “ROOMS.” EACH AREA CAN THEN BE FURTHER DECOMPOSED INTO OBJECTIVES, ENEMY
PLACEMENT ZONES, PUZZLE MECHANICS, COVER POINTS, AND TRAVERSAL CHALLENGES. THIS HIERARCHICAL BREAKDOWN ENSURES
THAT THE FLOW OF THE LEVEL IS CONSIDERED, THAT PROGRESSION FEELS NATURAL, AND THAT THE PLAYER IS CONSISTENTLY
PRESENTED WITH ENGAGING CHALLENGES. IMAGINE DESIGNING A DUNGEON: YOU’D FIRST BREAK IT DOWN INTO ENTRANCE, MAIN
HALL, SIDE CHAMBERS, BOSS ARENA, AND EXIT. THEN/ EACH OF THOSE SECTIONS GETS ITS OWN SET OF CHALLENGES AND
OBJECTIVES. THIS STRUCTURED APPROACH PREVENTS THE OVERWHELMING FEELING OF STARTING WITH A BLANK CANVAS AND
INSTEAD PROVIDES A ROADMAP FOR CONSTRUCTION.

PATTERN RECOGNITION: FINDING THE RHYTHMS OF PLAY

ONCE WE’VE BROKEN DOWN PROBLEMS, THE NEXT CRITICAL STEP IN COMPUTATIONAL THINKING IS PATTERN RECOGNITION. THIS
INVOLVES IDENTIFYING RECURRING THEMES, SIMILARITIES, AND TRENDS WITHIN THE DECOMPOSED ELEMENTS. IN GAME DESIGN,
PATTERNS CAN MANIFEST IN NUMEROUS WAYS: THE WAY ENEMIES BEHAVE, THE COMMON ELEMENTS OF PLAYER ACTIONS, THE
STRUCTURE OF GAME LEVELS, OR EVEN THE FLOW OF NARRATIVE EVENTS. RECOGNIZING THESE PATTERNS ALLOWS FOR GREATER
EFFICIENCY AND CONSISTENCY. |F YOU NOTICE THAT SEVERAL ENEMY TYPES SHARE A SIMILAR PATROL PATH OR ATTACK
SEQUENCE, YOU CAN DEVELOP A GENERALIZED Al BEHAVIOR THAT CAN BE ADAPTED FOR EACH ENEMY, RATHER THAN WRITING
UNIQUE CODE FOR EVERY SINGLE ONE.

THIS ISN’T JUST ABOUT SPOTTING VISUAL SIMILARITIES, IT’S ABOUT UNDERSTANDING UNDERLYING LOGIC. FOR EXAMPLE, IF YOU
OBSERVE THAT PLAYERS TEND TO USE COVER IN SIMILAR WAYS ACROSS DIFFERENT COMBAT ENCOUNTERS, YOU CAN DESIGN
MORE DYNAMIC COVER MECHANICS THAT CATER TO THIS RECOGNIZED BEHAVIOR. THIS LEADS TO MORE INTUITIVE GAMEPLAY, AS
PLAYERS CAN LEVERAGE THEIR EXISTING KNOWLEDGE OF GAME SYSTEMS. PATTERN RECOGNITION HELPS US BUILD REUSABLE
COMPONENTS AND DESIGN SYSTEMS THAT FEEL COHESIVE AND PREDICTABLE, YET STILL OFFER DEPTH AND VARIETY. ITs ABOUT
FINDING THE UNDERLYING RHYTHM THAT MAKES A GAME TICK AND THEN BUILDING UPON THAT FUNDAMENTAL BEAT.

ENeMY Al PATTERNS

ENEMY Al IS A FERTILE GROUND FOR PATTERN RECOGNITION. CONSIDER DIFFERENT TYPES OF ADVERSARIES IN A SHOOTER GAME.
Y OU MIGHT NOTICE PATTERNS IN HOW THEY:

® APPROACH THE PLAYER (AGGRESSIVE, FLANKING, DEFENSIVE).

® REACT TO DAMAGE (STAGGERING, SEEKING COVER, ENRAGED).



o COMMUNICATE WITH EACH OTHER (CALLING FOR BACKUP, COORDINATING ATTACKS).

e UTILIZE THEIR ENVIRONMENT (USING COVER, THROWING GRENADES FROM STRATEGIC POSITIONS).
BY IDENTIFYING THESE COMMON BEHAVIORAL PATTERNS, DESIGNERS CAN CREATE FLEXIBLE Al SYSTEMS. INSTEAD OF SCRIPTING
EVERY MOVE, THEY CAN DEFINE CORE BEHAVIORS AND THEN ASSIGN SPECIFIC PARAMETERS TO INDIVIDUAL ENEMY TYPES. THIs

ALLOWS FOR A WIDE VARIETY OF ENEMY ENCOUNTERS USING A RELATIVELY SMALL SET OF CORE Al LOGIC, MAKING
DEVELOPMENT FASTER AND THE Al MORE ROBUST.

PLAYER INTERACTION PATTERNS

UNDERSTANDING PLAYER INTERACTION PATTERNS IS EQUALLY CRUCIAL. PLAYERS OFTEN EXHIBIT PREDICTABLE BEHAVIORS BASED
ON GAME MECHANICS. FoR INSTANCE, IN A PUZZLE GAME, PLAYERS MIGHT CONSISTENTLY TRY TO MANIPULATE CERTAIN OBJECTS
IN SPECIFIC SEQUENCES. IN AN RPG, THEY MIGHT HABITUALLY CHECK THEIR INVENTORY OR UPGRADE THEIR GEAR AT PREDICTABLE
POINTS IN THE GAME. RECOGNIZING THESE PATTERNS CAN INFORM:

e TUTORIAL DESIGN (TEACHING MECHANICS PLAYERS ARE LIKELY TO STRUGGLE \X/ITH).

UI/UX DESIGN (PLACING FREQUENTLY ACCESSED FEATURES WHERE PLAYERS EXPECT THEM).

PROGRESSION PACING (INTRODUCING NEW CHALLENGES OR REW ARDS WHEN PLAYER ENGAGEMENT MIGHT \X/ANE).

BALANCING (AD_JUSTING DIFFICULTY BASED ON COMMON PLAYER STRATEGIES).

BY OBSERVING HOW PLAYERS NATURALLY INTERACT WITH A GAME, DESIGNERS CAN REFINE EXISTING MECHANICS AND DEVELOP
NEW ONES THAT RESONATE WITH PLAYER EXPECTATIONS AND HABITS, LEADING TO A MORE SATISFYING PLAYER EXPERIENCE.

ABSTRACTION; FOCUSING ON THE ESSENCE OF GAMEPLAY

ABSTRACTION IS ABOUT FILTERING OUT UNNECESSARY DETAILS AND FOCUSING ON THE ESSENTIAL INFORMATION NEEDED TO
SOLVE A PROBLEM OR REPRESENT A CONCEPT. IN GAME DESIGN, THIS MEANS IDENTIFYING THE CORE MECHANICS AND MECHANICS
THAT DEFINE THE GAMEPLAY EXPERIENCE, WHILE IGNORING OR SIMPLIFYING LESS CRITICAL ELEMENTS. THINK OF IT LIKE A MAP. A
MAP DOESN'T SHOW EVERY BLADE OF GRASS OR EVERY SINGLE BUILDING; IT ABSTRACTS THE CRUCIAL INFORMATION LIKE ROADS,
LANDMARKS, AND POLITICAL BOUNDARIES TO HELP YOU NAVIGATE. SIMILARLY, WHEN DESIGNING A COMBAT SYSTEM, YOU
ABSTRACT AWAY THE INTRICACIES OF MUSCLE PHYSICS AND BONE STRUCTURE TO FOCUS ON ABSTRACT CONCEPTS LIKE “HIT
POINTS,” “DAMAGE MULTIPLIERS,” AND “ATTACK SPEED.”

THIS PROCESS IS VITAL FOR CREATING CLEAR AND UNDERSTANDABLE GAME SYSTEMS. IF YOU'RE DESIGNING A MAGIC SYSTEM,
YOU ABSTRACT THE CONCEPT OF “MANA” AS A RESOURCE THAT REPLENISHES OVER TIME, RATHER THAN MODELING THE COMPLEX
BIOLOGICAL AND ARCANE PROCESSES THAT MIGHT THEORETICALLY GENERATE IT. THIS ALLOWS FOR A FOCUS ON HOW MAGIC
FEELS AND FUNCTIONS WITHIN THE GAME, RATHER THAN GETTING BOGGED DOWN IN OVERLY REALISTIC (AND OFTEN
UNNECESSARY) SIMULATION. ABSTRACTION HELPS US CREATE MODELS THAT ARE BOTH FUNCTIONAL AND ELEGANT, MAKING
COMPLEX SYSTEMS ACCESSIBLE TO PLAYERS.

ABSTRACTING CHARACTER STATS

CHARACTER STATISTICS IN GAMES ARE A PERFECT EXAMPLE OF ABSTRACTION. INSTEAD OF SIMULATING EVERY PHYSIOLOGICAL
ASPECT OF A CHARACTER, WE ABSTRACT THEM INTO KEY ATTRIBUTES LIKE STRENGTH, DEXTERITY, INTELLIGENCE, AND
CONSTITUTION. THESE ABSTRACT STATS THEN INFLUENCE A WIDE RANGE OF GAME MECHANICS:



STRENGTH MIGHT AFFECT MELEE DAMAGE AND CARRYING CAPACITY.

e DEXTERITY MIGHT INFLUENCE ACCURACY, EVASION, AND ATTACK SPEED.
® |NTELLIGENCE COULD DETERMINE SPELL EFFECTIVENESS AND MANA POOLS.

e CONSTITUTION MIGHT GOVERN HEALTH AND RESISTANCE TO STATUS EFFECTS.

EACH OF THESE ABSTRACTED STATS REPRESENTS A BUNDLE OF UNDERLYING REAL-\WORLD CONCEPTS, SIMPLIFIED FOR GAMEPLAY.
THIS ALLOWS PLAYERS TO QUICKLY UNDERSTAND CHARACTER CAPABILITIES AND MAKE MEANINGFUL CHOICES DURING
CHARACTER CREATION AND PROGRESSION WITHOUT NEEDING TO BE A BIOMECHANICS EXPERT.

GAME MecHANICS AS ABSTRACT CONCEPTS

MANY FUNDAMENTAL GAME MECHANICS ARE THEMSELVES ABSTRACTIONS. CONSIDER “HEALTH” IN A GAME. |T°S AN ABSTRACT
REPRESENTATION OF A CHARACTER’S VITALITY, NOT A LITERAL SIMULATION OF EVERY CELL AND ORGAN. SIMILARLY, “SCORE” IS
AN ABSTRACTION OF PLAYER PERFORMANCE, AND “LIVES” ARE AN ABSTRACTION OF HOW MANY CHANCES A PLAYER GETS TO
SUCCEED. BY FOCUSING ON THESE ABSTRACT REPRESENTATIONS, DESIGNERS CAN CREATE INTUITIVE AND COMPELLING GAMEPLAY
LOOPS. THE PHYSICS ENGINE, WHILE COMPLEX UNDER THE HOOD, ABSTRACTS REAL-WORLD PHYSICS INTO MANAGEABLE
CONCEPTS LIKE GRAVITY, VELOCITY, AND COLLISION RESPONSES. THIS ALLOWS US TO CREATE BELIEVABLE AND FUN
INTERACTIONS WITHOUT SIMULATING EVERY ATOM IN THE GAME WORLD.

ALGORITHMS: THE RULES OF ENGAGEMENT

ALGORITHMS ARE THE HEART OF COMPUTATIONAL THINKING, REPRESENTING STEP-BY~STEP SETS OF INSTRUCTIONS DESIGNED TO
PERFORM A SPECIFIC TASK OR SOLVE A PARTICULAR PROBLEM. IN GAME DESIGN, ALGORITHMS DICTATE HOW THE GAME
FUNCTIONS, FROM THE SIMPLEST CHARACTER ACTION TO THE MOST COMPLEX Al DECISION-MAKING. THEY ARE THE RECIPES THAT
BRING GAME MECHANICS TO LIFE. WHEN YOU PRESS THE JUMP BUTTON, AN ALGORITHM DICTATES THE SEQUENCE OF EVENTS!
CHECK IF THE CHARACTER IS GROUNDED, APPLY AN UPWARD FORCE, PLAY THE JUMP ANIMATION, AND SET A FLAG INDICATING THE
CHARACTER IS IN THE AIR.

DEVELOPING WELL-DEFINED ALGORITHMS IS CRUCIAL FOR ENSURING THAT GAME SYSTEMS BEHAVE PREDICTABLY AND CORRECTLY.
[T INVOLVES THINKING LOGICALLY AND SEQUENTIALLY ABOUT HOW ELEMENTS SHOULD INTERACT. THIS CAN RANGE FROM
DEFINING THE PATHFINDING LOGIC FOR ENEMIES TO ENSURING THAT QUEST OBJECTIVES ARE CORRECTLY TRIGGERED. THE CLARITY
AND EFFICIENCY OF THESE ALGORITHMS DIRECTLY IMPACT THE PERFORMANCE AND PLAYABILITY OF THE GAME. A POORLY
DESIGNED ALGORITHM CAN LEAD TO BUGS, SLOWDOWNS, OR UNEXPECTED BEHAVIOR, WHILE A WELL-CRAFTED ONE ENSURES A
SMOOTH AND ENJOYABLE EXPERIENCE FOR THE PLAYER. ALGORITHMS ARE THE ENGINE THAT DRIVES THE INTERACTIVE WORLD OF A
GAME.

PATHFINDING ALGORITHMS

PATHFINDING IS A CLASSIC EXAMPLE WHERE ALGORITHMS ARE ESSENTIAL. ENEMIES IN A GAME NEED TO FIND THEIR WAY FROM
POINT A TO POINT B/ NAVIGATING AROUND OBSTACLES AND POTENTIALLY PURSUING THE PLAYER. ALGORITHMS LIKE A (A‘
STAR) OR DUKSTRA,S ALGORITHM ARE COMMONLY USED TO SOLVE THIS. THESE ALGORITHMS:

® DEFINE A GRID OR GRAPH REPRESENTING THE GAME ENVIRONMENT.
e CALCULATE THE COST OF MOVING BETWEEN DIFFERENT POINTS.

® EXPLORE POTENTIAL PATHS, PRIORITIZING THOSE THAT ARE SHORTEST OR MOST EFFICIENT.



® AVOID IMPASSABLE AREAS OR HAZARDS.

THE IMPLEMENTATION OF THESE ALGORITHMS DIRECTLY INFLUENCES HOW INTELLIGENT AND CAPABLE THE Al APPEARS. A
SOPHISTICATED PATHFINDING ALGORITHM CAN MAKE ENEMIES FEEL MORE DYNAMIC AND CHALLENGING, AS THEY CAN EFFECTIVELY
MANEUVER THROUGH COMPLEX ENVIRONMENTS.

GAME LoGIC ALGORITHMS

Bevonp MOVEMENT, COUNTLESS OTHER GAME LOGIC SYSTEMS RELY ON ALGORITHMS. CONSIDER:

o COMBAT SYSTEMS: ALGORITHMS DETERMINE ATTACK ACCURACY, DAMAGE CALCULATION, CRITICAL HIT CHANCES, AND
STATUS EFFECT APPLICATION.

® INVENTORY MANAGEMENT: ALGORITHMS DICTATE HOW ITEMS ARE STORED, SORTED, USED, AND HOW WEIGHT OR
CAPACITY LIMITS ARE ENFORCED.

L QUEST PROGRESSION: ALGORITHMS MANAGE THE TRIGGERING OF QUEST STAGES, THE FULFILLMENT OF OBJECTIVES, AND
THE AW ARDING OF REW ARDS.

o PROCEDURAL CONTENT GENERATION: ALGORITHMS CAN BE USED TO GENERATE LEVELS, ITEMS, OR EVEN NARRATIVES ON
THE FLY, CREATING UNIQUE EXPERIENCES FOR EACH PLAY THROUGH.

EVERY INTERACTIVE ELEMENT IN A GAME, FROM HOW A BUTTON PRESS TRANSLATES TO AN ACTION TO HOW THE GAME WORLD
REACTS TO PLAYER INPUT, IS GOVERNED BY ONE OR MORE ALGORITHMS. (UNDERSTANDING AND DESIGNING THESE ALGORITHMS IS
FUNDAMENTAL TO CREATING FUNCTIONAL AND ENGAGING GAME MECHANICS.

PUTTING IT ALL TOGETHER: COMPUTATIONAL THINKING IN ACTION

THE TRUE POWER OF COMPUTATIONAL THINKING FOR GAME DESIGN EMERGES WHEN THESE FOUR PILLARS — DECOMPOSITION,
PATTERN RECOGNITION, ABSTRACTION, AND ALGORITHMS — ARE USED IN SYNERGY. THEY DON’T OPERATE IN ISOLATION; RATHER,
THEY INFORM AND ENHANCE EACH OTHER THROUGHOUT THE DEVELOPMENT PROCESS. IMAGINE DESIGNING A COMPLEX Al BOSS
CHARACTER. YOUD START BY DECOMPOSING ITS ROLE INTO PHASES OF ATTACK, DEFENSIVE MANEUVERS, AND VULNERABLE
MOMENTS. THEN, YOU’D RECOGNIZE PATTERNS IN HOW PLAYERS TYPICALLY REACT TO CERTAIN ATTACK TYPES, INFORMING YOUR
DEFENSIVE Al DESIGN. YOUD ABSTRACT THE BOSS’S ABILITIES INTO DISTINCT “MOVES” WITH CLEAR PARAMETERS, LIKE DAMAGE,
RANGE, AND COOLDOWN. FINALLY, YOU'D CREATE ALGORITHMS TO DICTATE WHEN AND HOW THE BOSS EXECUTES THESE MOVES
BASED ON PLAYER ACTIONS AND ITS OWN INTERNAL STATE.

THIS INTEGRATED APPROACH ALLOWS FOR THE CREATION OF SOPHISTICATED AND WELL-OILED GAME SYSTEMS. IT°S A
RECURSIVE PROCESS: AS YOU BUILD AND TEST, YOU’LL OFTEN DECOMPOSE FURTHER, RECOGNIZE NEW PATTERNS, REFINE YOUR
ABSTRACTIONS, AND OPTIMIZE YOUR ALGORITHMS. THIS ITERATIVE NATURE OF COMPUTATIONAL THINKING MIRRORS THE
ITERATIVE NATURE OF GAME DEVELOPMENT ITSELF. BY EMBRACING THESE PRINCIPLES, GAME DESIGNERS CAN MOVE BEYOND SIMPLY
HAVING AN IDEA AND INSTEAD BUILD A ROBUST, LOGICAL, AND ULTIMATELY MORE ENJOYABLE INTERACTIVE EXPERIENCE. IT>s
ABOUT THINKING LIKE A PROGRAMMER, EVEN IF YOU’RE PRIMARILY A DESIGNER, TO UNLOCK NEW LEVELS OF CREATIVITY AND
TECHNICAL MASTERY.

ITERATIVE DESIGN WITH COMPUTATIONAL THINKING

THE DEVELOPMENT OF A GAME MECHANIC, SUCH AS A GRAPPLING HOOK, BEAUTIFULLY ILLUSTRATES THE ITERATIVE APPLICATION
OF COMPUTATIONAL THINKING. INITIALLY:



1. DECOMPOSITION: BREAK DOWN THE GRAPPLING HOOK INTO: AIMING, FIRING, ATTACHMENT, SWINGING, RETRACTING, AND
PLAYER MOVEMENT.

2. PATTERN RECOGNITION: OBSERVE PLAYER TENDENCIES IN SIMILAR GAMES — PLAYERS OFTEN AIM FOR HIGHER GROUND OR
SPECIFIC ANCHOR POINTS.

3. ABSTRACTION: MODEL THE HOOK'S RANGE AS A MAXIMUM DISTANCE, ITS ATTACHMENT AS A POINT IN SPACE, AND
SWINGING PHYSICS AS SIMPLIFIED NEW TONIAN MOTION.

4. ALGORITHM DESIGN: CREATE AN ALGORITHM THAT CHECKS FOR VALID TARGETS WITHIN RANGE, APPLIES A FORCE TO
PULL THE PLAYER, AND UPDATES PLAYER POSITION WHILE ACCOUNTING FOR MOMENTUM.

DURING TESTING, YOU MIGHT FIND PLAYERS GET STUCK ON GEOMETRY. THIS LEADS TO FURTHER DECOMPOSITION OF COLLISION
DETECTION AND RETRACTION, RECOGNITION OF A PATTERN WHERE PLAYERS GET CAUGHT ON SHARP CORNERS, ABSTRACTION OF
CORNER PHYSICS, AND REFINEMENT OF THE RETRACTION ALGORITHM TO HANDLE SUCH SCENARIOS MORE GRACEFULLY. THIS CYCLE
OF THINKING ENSURES THAT THE MECHANIC BECOMES POLISHED AND INTUITIVE THROUGH CONTINUOUS IMPROVEMENT.

CoLLABORATION ENHANCED BY COMPUTATIONAL THINKING

COMPUTATIONAL THINKING FOSTERS BETTER COMMUNICATION AND COLLABORATION WITHIN A DEVELOPMENT TEAM. \W/HEN
DESIGNERS AND PROGRAMMERS SHARE A COMMON FRAMEW ORK FOR PROBLEM~SOLVING, MISUNDERSTANDINGS ARE REDUCED. A
DESIGNER CAN ARTICULATE A GAMEPLAY REQUIREMENT BY DESCRIBING ITS DECOMPOSED COMPONENTS, EXPECTED PATTERNS OF
INTERACTION, AND THE DESIRED ABSTRACT OUTCOMES, WHICH A PROGRAMMER CAN THEN TRANSLATE INTO PRECISE ALGORITHMS.
THIS SHARED LANGUAGE ENSURES THAT EVERYONE IS WORKING TOWARDS THE SAME CLEAR, LOGICAL VISION FOR THE GAME,
LEADING TO A MORE COHESIVE AND EFFICIENTLY DEVELOPED FINAL PRODUCT.

THe FUTURE oF COMPUTATIONAL THINKING IN GAME DEVELOPMENT

AS GAMES BECOME MORE COMPLEX, VISUALLY STUNNING, AND INTERACTIVE, THE IMPORTANCE OF COMPUTATIONAL THINKING
WILL ONLY GROW. THE INCREASING PREVALENCE OF PROCEDURAL CONTENT GENERATION, EMERGENT GAMEPLAY SYSTEMS, AND
SOPHISTICATED Al WILL DEMAND DEVELOPERS WHO CAN THINK CRITICALLY AND SYSTEMATICALLY ABOUT PROBLEM-SOLVING.
TOOLS AND ENGINES ARE CONSTANTLY EVOLVING, BUT THE FUNDAMENTAL PRINCIPLES OF COMPUTATIONAL THINKING REMAIN
TIMELESS. THEY PROVIDE THE COGNITIVE SCAFFOLDING UPON WHICH INNOVATIVE GAME EXPERIENCES ARE BUILT. EMBRACING
THESE CONCEPTS ISNIT_JUST ABOUT BEING A BETTER CODER,; IT'S ABOUT BEING A MORE EFFECTIVE AND CREATIVE GAME DESIGNER
CAPABLE OF TACKLING THE GRAND CHALLENGES OF INTERACTIVE ENTERTAINMENT IN THE 2 1ST CENTURY AND BEYOND.

/

THE ABILITY TO DISSECT COMPLEX SYSTEMS, IDENTIFY UNDERLYING STRUCTURES, MODEL ESSENTIAL FEATURES, AND DEFINE
PRECISE INSTRUCTIONS WILL BE CRUCIAL FOR PUSHING THE BOUNDARIES OF WHAT’S POSSIBLE IN GAMING. FROM CREATING VAST,
LIVING WORLDS TO DESIGNING INTRICATE PLAYER-DRIVEN NARRATIVES, COMPUTATIONAL THINKING OFFERS A POWERFUL LENS
THROUGH WHICH TO APPROACH THE ART AND SCIENCE OF GAME CREATION. TS A SKILLSET THAT EMPOWERS DESIGNERS TO NOT
JUST BUILD GAMES, BUT TO ENGINEER EXPERIENCES.

Al AND MACHINE LEARNING IN GAME DESIGN

THE INTEGRATION OF Al AND MACHINE LEARNING INTO GAME DEVELOPMENT IS A DIRECT BENEFICIARY OF ADVANCED
COMPUTATIONAL THINKING. AS WE STRIVE TO CREATE MORE INTELLIGENT AND ADAPTIVE GAME \WORLDS, DEVELOPERS MUST
EMPLOY SOPHISTICATED ALGORITHMS TO TRAIN Al MODELS. THIS INVOLVES:

® DATA DECOMPOSITION: BREAKING DOWN PLAYER BEHAVIOR OR GAME STATE INTO USABLE DATASETS FOR TRAINING.



o PATTERN RECOGNITION: IDENTIFYING COMPLEX PATTERNS IN THESE DATASETS TO PREDICT PLAYER ACTIONS OR OPTIMIZE
NPC BEHAVIOR.

o ABSTRACTION: REPRESENTING COMPLEX GAME SCENARIOS AND Al STATES IN SIMPLIFIED FORMS THAT MACHINE LEARNING
MODELS CAN PROCESS.

® ALGORITHMIC REFINEMENT: DEVELOPING AND TUNING ALGORITHMS FOR NEURAL NET\WORKS, REINFORCEMENT LEARNING, AND
OTHER Al TECHNIQUES.

THIS SYNERGY BETWEEN COMPUTATIONAL THINKING AND Al IS PAVING THE WAY FOR GAMES WITH DYNAMIC STORYLINES, TRULY
RESPONSIVE CHARACTERS, AND ENVIRONMENTS THAT LEARN AND ADAPT TO THE PLAYER, OFFERING UNPRECEDENTED LEVELS OF
REPLAYABILITY AND IMMERSION.

DeMocrATIZING GAME DEVELOPMENT

AS GAME DEVELOPMENT TOOLS BECOME MORE ACCESSIBLE, COMPUTATIONAL THINKING BECOMES AN EVEN MORE VITAL SKILL FOR
ASPIRING CREATORS. UNDERSTANDING THESE CORE PRINCIPLES ALLOWS INDIVIDUALS TO APPROACH GAME DESIGN WITH A
STRUCTURED MINDSET, EVEN IF THEY ARE NOT SEASONED PROGRAMMERS. |T PROVIDES THEM WITH A FRAMEWORK FOR
TRANSLATING THEIR CREATIVE VISIONS INTO TANGIBLE GAME MECHANICS AND SYSTEMS. THIS DEMOCRATIZATION EMPOWERS A
WIDER RANGE OF PEOPLE TO CONTRIBUTE TO THE GAME DEVELOPMENT LANDSCAPE, FOSTERING A MORE DIVERSE AND INNOVATIVE
INDUSTRY.

FAQ SecTioN

QI How CAN DECOMPOSITION HELP ME DESIGN A MORE BALANCED GAME?

A: DECOMPOSITION HELPS IN BALANCING BY ALLOWING YOU TO ISOLATE AND ANALYZE INDIVIDUAL GAME ELEMENTS. FOR
EXAMPLE, YOU CAN DECOMPOSE A CHARACTER’S STRENGTH INTO ITS IMPACT ON ATTACK DAMAGE, HEALTH, AND MOVEMENT
SPEED. BY EXAMINING THESE SEPARATE COMPONENTS AND THEIR INTERACTIONS, YOU CAN IDENTIFY OVERPOWERED OR
UNDERPOWERED ASPECTS AND MAKE TARGETED ADJUSTMENTS, LEADING TO A MORE HARMONIOUS AND FAIR GAMEPLAY
EXPERIENCE.

Q: WHAT ARE SOME COMMON PATTERNS | SHOULD LOOK FOR WHEN DESIGNING PLAYER
PROGRESSION?

A: COMMON PATTERNS IN PLAYER PROGRESSION INCLUDE THE DESIRE FOR INCREASING POWER, ACQUISITION OF NEW ABILITIES,
NARRATIVE UNFOLDING, AND A SENSE OF MASTERY. PLAYERS OFTEN EXPECT A GRADUAL INCREASE IN CHALLENGE BALANCED WITH
REWARDING PROGRESSION. RECOGNIZING PATTERNS LIKE THE “LEVEL-UP” FEELING OR THE SATISFACTION OF UNLOCKING NEW
TOOLS ALLOWS DESIGNERS TO CREATE A MORE COMPELLING AND ENGAGING PROGRESSION CURVE THAT KEEPS PLAYERS INVESTED.

Q: How DOES ABSTRACTION HELP IN MAKING GAME MECHANICS EASIER FOR PLAYERS TO
UNDERSTAND?

A: ABSTRACTION SIMPLIFIES COMPLEX UNDERLYING SYSTEMS INTO EASILY DIGESTIBLE CONCEPTS FOR PLAYERS. FOR INSTANCE,
INSTEAD OF DETAILING THE INTRICATE PHYSICS OF A PROJECTILE'S TRAJECTORY, IT'S ABSTRACTED AS A “SPEED” AND “DAMAGE”
VALUE. THIS ALLOWS PLAYERS TO GRASP THE CORE FUNCTION OF AN ABILITY OR ITEM WITHOUT BEING OVERWHELMED BY
TECHNICAL DETAILS, LEADING TO MORE INTUITIVE AND ACCESSIBLE GAMEPLAY.



QI CAN YOU GIVE AN EXAMPLE OF AN ALGORITHM USED IN A COMMON GAME FEATURE
LIKE SAVING AND LOADING?

A: CERTAINLY. FOR SAVING AND LOADING, AN ALGORITHM WOULD TYPICALLY INVOLVE THESE STEPS! 1. DEFINE THE DATA TO
BE SAVED (PLAYER POSITION, INVENTORY, GAME STATE, ETC.). 2. SERIALIZE THIS DATA INTO A STORABLE FORMAT (LIKE A
FILE). 3. WRITE THE SERIALIZED DATA TO A DESIGNATED SAVE FILE. FOR LOADING, THE ALGORITHM WOULD: 1. READ THE DATA
FROM THE SAVE FILE. 2. DESERIALIZE THE DATA BACK INTO USABLE GAME VARIABLES. 3. RESTORE THE GAME WORLD AND PLAYER
STATE BASED ON THIS DESERIALIZED DATA.

Q: IS COMPUTATIONAL THINKING ONLY USEFUL FOR PROGRAMMERS , OR CAN DESIGNERS
BENEFIT FROM IT TOO?

A: COMPUTATIONAL THINKING IS INCREDIBLY BENEFICIAL FOR BOTH DESIGNERS AND PROGRAMMERS. W/ HILE PROGRAMMERS USE IT
TO IMPLEMENT GAME LOGIC, DESIGNERS USE IT TO CONCEPTUALIZE, STRUCTURE, AND REFINE GAME MECHANICS. IT HELPS
DESIGNERS BREAK DOWN COMPLEX IDEAS, IDENTIFY REPEATABLE ELEMENTS, ABSTRACT CORE GAMEPLAY LOOPS, AND
COMMUNICATE THEIR VISION CLEARLY, LEADING TO BETTER-DESIGNED AND MORE COHESIVE GAMES.

Q: How CAN RECOGNIZING PATTERNS IN PLAYER BEHAVIOR IMPROVE THE USER
exPERIENCE (UX) OF A GAME?

A: RECOGNIZING PATTERNS IN PLAYER BEHAVIOR ALLOWS DESIGNERS TO ANTICIPATE PLAYER NEEDS AND DESIGN MORE INTUITIVE
INTERFACES AND SYSTEMS. IF PLAYERS CONSISTENTLY STRUGGLE WITH A PARTICULAR Ul ELEMENT, OR ALWAYS SEEK OUT A
CERTAIN TYPE OF INFORMATION, UNDERSTANDING THAT PATTERN ENABLES DESIGNERS TO REDESIGN THAT ELEMENT FOR BETTER
USABILITY, THEREBY ENHANCING THE OVERALL PLAYER EXPERIENCE.

QI \W/HEN CREATING Al FOR ENEMIES , HOW DOES DECOMPOSITION MAKE THE
DEVELOPMENT PROCESS MORE MANAGEABLE?

A: DECOMPOSITION BREAKS DOWN COMPLEX Al BEHAVIORS INTO SMALLER, MANAGEABLE TASKS. FOR EXAMPLE, INSTEAD OF
DESIGNING A SINGLE “ATTACK” BEHAVIOR, YOU MIGHT DECOMPOSE IT INTO “TARGET ACQUISITION,” “PATHFINDING TO OPTIMAL
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RANGE,” “ANIMATION EXECUTION,” AND “DAMAGE APPLICATION.” THIS MODULAR APPROACH MAKES IT EASIER TO DEVELOP,
TEST, AND DEBUG EACH COMPONENT OF THE Al, PREVENTING THE OVERWHELMING COMPLEXITY THAT COMES WITH TRYING TO
DESIGN EVERYTHING AT ONCE.
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