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Abstract 

Computational thinking has become an important tool used in many fields in the 

21st Century. Solving problems by decomposition, abstraction, pattern recognition, and 

generalization are all techniques that are commonly used to attack a problem. Although 

computational thinking sounds like a method for solving a problem with a computer, 

conceptually it is very different. Computational thinking skills and concepts can be 

developed without having experience writing formulas and developing software. This 

thesis aims to help early learners develop computational thinking skills through a fun 

and rich gaming environment. Our hypothesis is that although children naturally develop 

strategies in game play, they do not instinctively recognize the underlying computational 

models that control the level of difficulty as well as game experience. Additionally, we 

will examine if providing opportunities for students to manipulate game rules will help 

them recognize the underlying computational models.   

The game world is set in a small beauty salon where the player is tasked with 

serving a barrage of customers with various demands. The player’s multitasking ability 

is tested as they wash, cut, and color each customer’s hair. Students aged 10 – 13 have 

been asked to play the game and complete a survey once they are familiar with the 

game. They are then given an opportunity to manipulate several factors of the game’s 

underlying computational model before completing a second survey. The thesis 

analyzes survey data along with user interaction data automatically captured by the 

software.  
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1 Introduction 

Only in the hands of a capable human is it possible for a computer to solve 

everyday problems. Whether you are finding a cure for cancer, consuming media, or 

simply communicating with friends, a computer is part of that equation. Humans employ 

a multitude of techniques through a wide range of experience to solve everyday 

problems. In order to exploit these techniques, one must move beyond simple tasks and 

learn what it takes to solve a problem from the perspective of a computer.  

What is computational thinking? When tasked with solving a particular problem, 

one may ask: How difficult is this problem to solve? How should I go about solving it? 

Computational thinking builds on the power and limits of computing processes. It 

confronts the riddle of machine intelligence and is a fundamental skill for everyone, not 

just computer scientists. In fact, it is used to solve problems of other disciplines such as 

mathematics, chemistry, and physics. Computational thinking involves a range of 

mental tools that consider the resources and constraints available to solve a complex 

problem (Wing, 2006). For example, identifying the ingredients that make up your 

favorite food through taste is synonymous to breaking a problem down into its individual 

components. These components can be used to split the problem among a group of 

people or to teach the underlying concepts of a larger problem. Humans are adept at 

recognizing patterns. Pattern recognition is another tool which is used to forecast 

weather or market predictions. The change in a pattern can be identified and leveraged 

to make predictions about a specific behavior or find a shortcut to solve a problem. 

Finally, generalizing a problem then designing a step-by-step procedure to solve it is a 

key ability that brings the other techniques together to apply Computational Thinking.  
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A 2010 report from the Association of Computing Machinery (ACM) and 

Computer Science Teacher Association (CSTA), Running on Empty: The Failure to 

Teach Computer Science in the Digital Age (Wilson, Sudol, Stephenson, & Stehlick, 

2010) examines current learning standards in core subject areas. The report concludes 

that in the U.S., K-12 education system has fallen dangerously behind in its preparation 

for students in the fundamental area of computer science knowledge, as well as the 

skills that are imperative for a successful future. In response, the CSTA Standard Task 

Force developed the CSTA K-12 Computer Science Standards to set guidelines for 

middle school students (Seehorn, et al., 2011). The standards include these goals: 

... to engage students in using computational thinking as a [problem-solving] tool, 

teach them to use programming concepts and methods while creating digital 

artifacts and retain their interest in computing as a relevant and exciting field. 

Learning opportunities should be presented in ways that are active, connected, 

and relevant to them, and should promote the perception of themselves as 

proactive and empowered problem solvers, creators, and innovators capable of 

changing the world. (Seehorn, D., Carey, S., Fuschetto, B., Lee, I., Moix, D., 

O’Grady-Cunniff, D., Verno, A., 2011) 

Video games are known for deeply capturing the attention of children and 

adolescents. Although most games that are played have no direct educational value, a 

study titled “Using Computer Games For Youth Development” by J. Liang, et. al., 

examines youth development in verbal learning, thought process, psychomotor skills, 

and the formation of attitude. The study discovered that kids who do not play games 

regularly benefitted more than those who do, specifically in conflict resolution, positive 

behavioral development, spatial awareness, and hand-eye coordination (Yun, Jiang, & 

Li, 2009).  
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Games are also credited with promoting creativity like never before. In MineCraft, 

a popular game among young teens, players have the opportunity to make their own 

rules and build an open game world as they please, similar to constructing a Lego 

model. In addition to providing interactivity and instant feedback to stimulate learning, 

video games help children learn to set small goals in order to complete a larger task 

(Griffiths, 2002).  

This thesis aims to evaluate computational and algorithmic thinking in 

adolescents through the use of a video game. A California State University San Marcos 

graduate student, James Counts, based his research on a platform climbing game 

called Stairway to Heaven shown in Figure 1. This platform style game tasks the player, 

represented by an angel who is trying to stay alive and gain points, with climbing a 

series of randomly generated platforms. Counts’ research, conducted in local middle 

schools, focused on explicit customizations made by students that affected the difficulty 

of their personalized game experience. 
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Figure 1. Stairway to Heaven game, developed by James Counts 

Count’s game environment was constructed to articulate the thought process that 

lead individual players to develop their own customized outcomes. Data based on each 

player’s game construction were collected to compile the choices made in how the 

game environment was modified. The outcome portrays similar usage of several 

specific customizations with a primary focus of reaching the goal as quickly as possible 

(Counts, 2013).  

This approach was taken in order to steer students away from the problems with 

using computer programming to teach computational thinking. Rather than using a 
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wide-open programming environment, the interactive design of the system allowed 

students to change specific game settings using common modern UI elements such as 

slider bars and radio buttons. Additionally, the environment employs the changes in real 

time so that the design choices made are portrayed immediately in the current game 

session. The ease and familiarity of the design elements allowed students to get started 

with little or no instruction when playing the game. 

During an early evaluation, students were given a score to achieve through game 

play. Counts discovered that during game design activities students focused solely on 

changes for their own benefit and their own experience without regard to the game’s 

overall playability. To build on the research, Counts asked students to exchange 

customizations with other students for the purpose of evaluation and commenting on 

their decisions in game. Although they were now designing a playable game for their 

peers, students failed to recognize the game’s computational thinking elements. Only 

when prompted to design a set of rules within the constraints and to verbalize the 

reasons for their decision was Counts able to realize the game’s learning potential.  

Our hypothesis is that although children naturally develop strategies in game play, 

they do not instinctively recognize the underlying computational models that control the 

level of difficulty as well as game experience. Therefore, this thesis studies if providing 

opportunities for students to manipulate game rules will help them recognize the 

underlying computational models.  

The game’s design encourages a new player to learn to play the game without 

documentation. The following section provides a detailed overview of the rules and 

game mechanics in Gracie’s Salon.  Section 3 outlines the implementation details for 
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the software. The remaining portion analyzes the information collected from a small 

focus group. Finally, the results are compiled in the final section of this document. 
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2 Game Environment 

Gracie’s Salon is a simple time management game where the player controls the 

protagonist Gracie, a salon manager. She operates a series of stations in order to serve 

her customers.  Being the only employee working in the salon, the player must prioritize 

seating guests, accepting payments, washing, cutting, and coloring hair to maximize 

profit and customer satisfaction. Taking too long to perform these tasks will result in 

unhappy customers who leave the store without paying. The game concept is based on 

Sally’s Salon where the salon manager is tasked with washing, dying, cutting, and 

styling a barrage of customers in a fashionable, fun, but frantic game setting. Earnings 

can be used to furnish Sally’s salon with lavish upgrades to keep the clients moving and 

maximizing profit (GameHouse, 2013). 

Gracie’s Salon is designed in a way that makes the game easy to learn and 

master. Although the game's main focus is fun, the simple interactive environment 

provided makes it easy to manipulate. Compared to games similar in genre, this game's 

elements are meant to be much simpler.   

2.1 Game Mechanics 

Gracie's Salon has several offerings: a wash, cut, color, or simply product sales. 

With the exception of product sales, customers entering the salon immediately proceed 

to the waiting area. Figure 2 shows a set of icons floating above the customer’s head. 

This lets the user know which service should be performed next.  Each customer also 

has a patience indicator shown as red hearts in the screenshot. As customers grow 

increasingly impatient, the hearts are depleted. This is the main challenge for the player. 
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Customers who wait too long, as you might expect, will eventually abandon the salon 

without paying.  

 

 

Figure 2. Customers in the salon with status indicators 

Figure 2 is separated into four parts: 

 A - a pair of scissors shows the customer wants a haircut 

 B - a blue bubble represents a hair washing service  

 C - a purple hair dye bottle is shown when the coloring service is next 

 D – a broken heart shows a customer who was forced to wait too long 

When the manager is ready to serve a customer, they are moved from the 

waiting area to a service station. There is a dedicated station for each salon service. 

The list below describes each station shown in Figure 3.  

 A – the waiting area is where customers wait to be served 

 B – the chairs with attached sinks are used for hair washing 

 C – a pair of chairs used to perform haircuts 

 D – hair coloring service is performed here 

 E – customers who are ready to pay will line up at the cash register 
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Figure 3. Gracie's Salon with stations labeled 

Once the salon manager begins a service, feedback is given by playing an 

animation for the duration. Each service takes a different amount of time ranging from 2 

to 6 seconds. The time it takes to finish the service depends on the station. Each station 

also yields a different profit.  

When all of their needs are met, customers automatically proceed to the 

Payment Register to pay and leave a tip. The percentage of the total bill a customer is 

willing to tip is based on the patience level at the time customers leave the salon. 

Therefore it is important to move as quickly as possible to increase the tip amount. 

The player may choose to serve customers in any order. However, a customer's 

patience will begin decreasing more quickly the longer they are forced to wait. If a 

customer leaves as a result of the patience meter running out, no profit is earned 

regardless of the services provided before they left.  



Using Video Games   15 

   
 

For each game session, the player is required to serve only 15 customers. The 

first two customers enter the salon one at a time. This serves as a training phase and 

gives the user some time to learn the different stations and get accustomed to 

controlling the main character. No other customers will enter the store until the first two 

customers have left. Then, the player will be forced to deal with an increasing amount of 

customers simultaneously. As the game progresses, customers will begin arriving more 

quickly. The design of the game encourages short and rapid game sessions. An 

average game lasts only 8 minutes. This was an important factor in design to provide 

immediate feedback for players on how they are improving.  

A black bar at the bottom of the screen shows the game’s current status. It 

displays the amount of money made, customers served, and the customers who have 

abandoned the store. Once the entire queue has been served, the game ends where a 

short message shows the final totals. 

2.2 Game Rules 

Gracie’s Salon contains a series of game rules that provide moderate difficulty 

and can be enjoyed by players of all experience levels. Because the focus of this project 

is to evaluate the player’s ability to think computationally, a series of game rules have 

been chosen. These rules can be modified in real time. Some rules provide immediate 

feedback to the player while others have more subtle effect.  

Pressing the F10 key will bring up the game rule modification window shown in 

Figure 4. This action pauses the game in its current state. Clicking the Apply button 

enforces the rules immediately and causes gameplay to resume. 
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Figure 4. Game design adjustment interface 

The list below explains each rule and how it affects the game. 

1. Time consumed cutting hair 

The amount of time in seconds the haircut action takes.  

2. Time consumed coloring hair 

The amount of time in seconds coloring hair takes. 

3. Time consumed washing hair 

The amount of time in seconds it takes to wash hair. 

4. Time to cash out 

The delay, in seconds, to take payment from a customer. Subsequent 

customers are served automatically with this delay occurring between each 

transaction. 
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5. Speed multiplier 

The player, as well as each customer type have a base speed. Some 

customers move faster than others. This predefined base speed is multiplied 

by this setting. A lower number slows down their speed while a higher number 

speeds movement up. It does not, however, have any effect on service speed, 

customer arrivals, animation speed, or checkout. 

6. Patience cooldown multiplier 

The customer has an internal counter that when expired, reduces their hearts. 

The timer’s starting value is somewhat random but is different for each 

customer type. It is reset when a customer has been manipulated in some 

way. For example, if a customer is moved from the waiting area to a chair, 

this randomly generated number is multiplied by the value in this setting. A 

lower number causes hearts to disappear quickly whereas a higher number 

slows this process down. 

7. Patience penalty multiplier 

Hearts are reduced when the timer described above expires. This setting 

multiplies the amount of penalty given when this timer expires. A lower 

number reduces the effect of the penalty while a higher number causes 

patience to be lowered quickly. 

8. Customer arrival delay 

Customers arrive at the salon at intervals. Lowering this number causes 

customers to arrive more quickly increasing the chances of having more 

impatient customers. Raising this number gives you more time to work with 
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customers in the salon before more arrive. This setting does not affect the 

number of customers that enter the salon. 

In order to create some balance in the game rules, a point system is employed. 

100 points are allowed in each game session. Adjusting a setting that makes the game 

easier will cost some points. Conversely, adjusting a setting that makes the game more 

difficult will credit points back to the player. This gives the game endless possibilities to 

adjust specific balance preventing an undesirable experience.  
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3 Implementation 

The entire application, including full assets, source code, and required libraries 

can be downloaded1 on the Internet at GitHub.com. GitHub’s collaboration features 

make it a popular place to share code with others (Github.com, 2014). The application 

includes build files that are compatible with all editions of Visual Studio 2013 including 

Visual Studio 2013 Express Edition. The original untouched images can also be found 

in the repository. All of the additional tools used to develop this software are available 

for free on the Internet.  

Gracie’s Salon is written in C++. Microsoft Visual Studio 2013 Express Edition is 

a full featured IDE that supports a wide variety of programming languages (Microsoft 

Corp., 2014). More importantly it supports many key features from the ISO C++ 11 

standard that are used in the game engine (C++ Standard Foundation, 2010). Visual 

Studio can be used to create applications that run on any operating system. However, 

this particular project only supports PC’s running Windows XP and newer. 

 Paint.net, demonstrated in Figure 5, is a free image and photo editing suite that 

runs on Windows. It features a simple interface that’s easy to learn and ships with a 

variety of useful and powerful tools (Brewster, 2010). All of the images that were used in 

the game were acquired over the Internet. They were edited and scaled using this tool 

to appropriately fit them in the game. 

                                            

1
Git Repository is available at http://bit.ly/1uBVV5q 
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Figure 5. Paint.NET, an image and photo editing suite 

In order to create the world, props, flooring, walls, tables, and chairs must be 

placed into the salon. Tiled is a flexible, cross-platform, free, and easy to use map editor 

that allows us to do this visually (Lindeijer, Schilling, Ziel, & Beller, 2010). There are 

many types of maps that can be built. Our world is built using the Tiled GUI shown in 

Figure 6. TinyXML-2 is a free and open source C++ library that parses XML files 

produced by Tiled (Thomason, 2012). TinyXML-2 builds a corresponding document 

object model in XML format and can be read as a C++ stringstream. This process 

can be repeated if changes are needed at a later time. Gracie’s Salon is built using the 

map editor with a 2D top-down perspective.  
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Figure 6. The user interface in Tiled 

The project uses a number of shared libraries to assist with various tasks. All 

external libraries are built directly into the main executable during compile time. 

Although static linking requires more memory and increases compile time, it streamlines 

the installation process and results in better performance. 

SFML, or Simple and Fast Multimedia Library, is a collection of libraries that 

provides an interface for accessing the hardware layer of our computer system. In 

addition, the library transparently handles communication with the underlying operating 

system so developers can focus on writing games. SFML makes it possible to develop 

cross-platform applications on Mac, Windows, or Linux. It is not a game engine but 

includes many tools that make games easier to write (Gomilla, 2014). 

 SFGUI, or Simple and Fast Graphical User Interface, is a fast, simple, and 

native C++ GUI library for SFML. It provides a rich set of widgets and is highly 

customizable. The library has been designed with flexibility and extensibility in mind and 
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provides a modern and clean C++ API. SFGUI provides several widgets that are found 

in common operating system GUI’s (SFGUI Team, 2009).  The library is used to display 

the window needed to interact with our game rules. Figure 7 contains several windows 

created by SFGUI. SFGUI allows you to imbed graphics, tabs, sliders, and buttons 

which can be organized automatically as shown in the screenshot. 

 

Figure 7. A selection of available widgets in SFGUI 

The MD5Wrapper package is freely available from the Google Code repository 

and is a C++ implementation of the MD5 Message Authentication Digest algorithm. The 

library was written by Benjamin Grüdelbach (Grüdelbach & Vas, 2009). The algorithm is 

used to verify scores that are recorded at the end of each game. Details about how this 

is done are described in Section 4.4. 
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3.1 User Input 

In SFML, input may be collected two separate ways. The library gives real-time 

access to the state of the keyboard, mouse, or joystick at any given time. For example, 

calling the sf::Keyboard::isKeyPressed(Key key) method returns true when the 

key specified is pressed (Gomilla, 2014). This real time access is useful for fetching the 

current position of the mouse on the screen. For example, when a player moves the 

mouse over the menu buttons on the title screen, a highlight effect is triggered. 

However, mouse clicks are polled using SFML’s event system. This should not 

be confused with real-time state access described above. Any interaction the user has 

with the system falls into this category. Not only can SFML queue events related to 

mouse and keyboard presses, it can also listen for actions performed on the current 

window. For example, pressing Alt-F4, the Windows shortcut to close a window, queues 

a sf::Event::Closed event. This gives your application a final chance to react before 

shutting down. Figure 8 illustrates the SFML Input Queue system.  

 

Figure 8. The SFML input system 

All user input is collected and inserted into the SFML input queue regardless if it 

is used or not (Moreira, Hansson, & Haller, 2014). However, unhandled events will still 

pass through the game engine unless explicitly ignored. Otherwise the input is handled 

just before the game logic is processed to ensure the quickest feedback possible. 
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3.2 Game Loop 

The main game loop is documented in the short code snippet in Figure 9. The 

game loop is essentially an infinite loop containing several key components. 

elapsedTime is a timer that is initialized on every iteration. The timeSinceLastUpdate 

variable controls the logic speed of the game. This is important because without it, the 

game would run at an unmetered speed. This would cause the loop run as fast as the 

processor can handle (Moreira, Hansson, & Haller, 2014). The logic speed is metered 

using the TIME_PER_FRAME constant which is set to an update cycle of 60 updates per 

second. 

Next, the processInput() method processes any user input waiting in the input 

queue. If there are multiple events waiting to be processed they will be handled in the 

order which they are received. Once all of the events have been processed, the 

update() method will be run.  

Performing the update after all of the input has been processed allows us to 

combine multiple inputs in one update cycle. Part of the game update system consists 

of several background tasks that are transparent to the player. For example, in order to 

report the mouse’s location at a given time, we poll the real-time update system 

described earlier. SFML returns the location of mouse pointer and the game can make 

the updates necessary (Gomilla, 2014). We use this property to highlight a customer in 

yellow when they can be moved from the waiting area to a service station.  

Finally, the engine must paint the result of the game logic on the screen. The 

render() method does just this. Systems without dedicated video hardware may 

render the game world very slowly. To avoid any delays in game updates, which can 
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produce visual stuttering, the render() method is performed outside the update loop. It’s 

more common in modern systems to have powerful hardware dedicated to rendering 

graphics. Potentially, the screen can be drawn hundreds of times per second. This 

allows the game to draw objects on the screen very quickly so that movement will 

appear incredibly smooth.  

 

Figure 9. The main game loop 

3.3 The State Stack 

A traditional finite state machine consists of a collection of states of which only 

one is active at a time (Moreira, Hansson, & Haller, 2014). Game flow can be described 

as a series of states. These states consist of multiple layers that are responsible for 

handling well defined groups of functionality or information. Each state is linked together 
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by a set of triggers that control what appears on the screen. Individually, states could be 

considered a fully independent application of its own. They can draw text or images to 

the screen, collect information, or handle and react to user input through the use of 

layers. 

This concept of layering is used in many commercial games today. In MineCraft, 

shown in Figure 10, the game’s first person view shows the player holding an item in 

hand (Mojang, 2013).  In the image on the left, a combination of layers makes up what 

you see on the screen. An option in the settings menu allows the player to disable the 

heads-up display, showing only the game world. This setting may be toggled if the 

player wants to take a screenshot or move about the world without any obstruction. 

 

Figure 10. Multiple layers in MineCraft 

Similar to MineCraft, our game uses multiple layers to present an individual state. 

Figure 11 shows the state diagram in Gracie’s Salon. The Title Screen State represents 

the state where the system displays the title screen and waits for user input. If the 

player decides to start a new game, the loading state is triggered. During the Loading 

State, no user input is handled. However, there are several background tasks that take 

place. The game’s resources are loaded from disk and references to those resources 

are returned and saved in memory.  
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Figure 11. The finite state machine in Gracie’s Salon 

Once this process is complete, the Main State becomes the new active state. 

This is where most of the player’s time is spent. As shown in the diagram, it is possible 

to trigger several other states from the Main State. The Pause State is triggered by 

pressing the ESC key. A pause screen is shown above the main game and waits for the 

user’s input to resume. Another way to leave the Main State is for the user to press F10. 

This triggers the Rule Altering State. In this state, the game rules can be altered. When 

the user is ready to resume, the altered settings are applied and the system returns to 

the Main State. The game automatically ends when 15 customers are served. Then the 

system triggers the Score State. Afterwards, the user is returned to the Title Screen 

State to begin again. 

In order to manage the triggers and transitions between states, a StateStack 

class is implemented. This class contains a stack of States each implementing its own 
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draw(), update(), and handleEvent() method. For example, when the main game 

loop calls update(), the method in each state is called in the in the order it appears on 

the stack, as shown in Figure 12. On line 19, if a state update returns false or there are 

no states left, the update is complete.  

 

Figure 12. Update method in the StateStack class 

To illustrate this, Figure 13 shows the StateStack during a paused game session. 

Since updates are called in the order of the stack, the PauseState is the first update 

called. Because our game is paused, the update() method in the PauseState must 

return false so game action does not continue.  
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Figure 13. A snapshot of the StateStack in the PauseState 

3.4 Graphics  

Loading the game’s graphics is broken down into two parts. First, only the 

resources necessary for loading the title screen are fetched. The remaining resources 

are loaded after the user starts their first game. The game resources are stored in the 

heap during the entire session and do not need to be reloaded. This allows users to 

start a new game immediately following the initial game since loading external 

resources is no longer required. 

Gracie’s Salon manages several types of files (resources) to build the game 

world. Identifiers for different resource types are stored as an enum. Each enum is 

located in its own namespace separated by category type. For example, accessing 

heart images is done simply by accessing the identifier Textures::Hearts. This is to 

avoid name collisions in the global scope.  The texture itself is not stored within this 

namespace but rather loaded and accessed using a std::unique_ptr. Textures can 

be drawn on the screen as sprites and their attributes such as position, rotation, scale, 

and color can be manipulated. Sprites may also refer to a rectangular portion of the 
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image itself. All game textures are stored in the res folder of the project directory. Files 

found in this folder have been taken from their source and edited for use in the game. 

The original source images can be found in the res/raw folder. Once an image is loaded 

from disk, it is stored as a raw 32-bit RGBA pixel array in video memory.  

Gracie's Salon runs in a full screen application window at 1280x768. Each tile is 

32x32 pixels in its original size but blown up to 64x64 pixels to exaggerate the 8-bit retro 

effect. The result of this is shown in Figure 14. 

 

Figure 14. Textures are stretched to exaggerate the 8-bit effect 

The 1280x768 window holds 20x12 tiles, each of 64x64 pixels. All of the textures 

used in the game are fully uncompressed 32-bit RGBA images. As a result, the source 

images are very large files. Managing large chunks of binary data must be handled very 

carefully so that the performance of the game engine is not degraded.  

First, the right data structure must be selected to store the textures. In general, 

std::vector has some advantages. Vector arrays have fast random access and can 

resize themselves automatically as the program needs more space. Unfortunately 

choosing std::vector can be a dangerous mistake because inserting new textures 

doubles the size of the array and may result in a copy of all the textures to a new area in 
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the heap. This is a very costly operation and can cause all existing references and 

pointers to the textures be destroyed. 

For this reason, the std::map data structure is used to access resources in 

memory using a key value pair. The key in this case is the resource identifier mentioned 

earlier, std::unique_ptr, which contains a segment of memory appropriate for storing 

the image. One major advantage of using this combination is to have the standard 

template libraries handle object deconstruction which unloads the object from memory 

when it is no longer in use. 

The code snippet in Figure 15 shows how resources are loaded from disk into 

memory. An identifier id, for example Texture::Hearts, and the full path filename, such 

as res/hearts_01.png of the resource must be provided. Line 6 reserves a small chunk 

of memory. Then, the path specified by filename is passed to the SFML library to load 

the image. After this has been done, std::make_pair pairs up the resource identifier 

and the loaded resource as one entry and places the entry into the std::map data 

structure. The last line asserts that the resource was actually loaded into memory and 

throws an exception if there was a problem doing so. 

 

Figure 15. Loading an object into its resource container 
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In order to draw images to the screen, a new object called SceneGraph is 

created. A SceneGraph is a tree data structure that consists of a single root containing 

multiple child nodes called a SceneNode. Each SceneNode represents an object that 

appears in our scene. This tree is constantly traversed, painting each item on the 

screen until all of the nodes have been drawn. The entire tree is drawn as often as 60 

times per second to produce the desired effect. For each object in our game world, a 

single SceneNode exists in the SceneGraph. 

3.5 Managing Entities 

Entities make up everything that is tangible in the game world. The Entity class 

is the base class for all objects. It stores relative 3-axis position, scale, and image data. 

Since all Entities are a type of SceneNode, they can be attached to a SceneGraph in 

order to be rendered in our world. When an Entity no longer needs to appear in the 

scene, they may be removed from the SceneGraph.  

There are several types of entities in the game world. The class hierarchy is 

shown in Figure 16. There are several types of entities that possess various attributes 

that make them distinct from one another. For example, chairs are immobile and 

therefore do not need to handle the same functionality as actor entities.  In addition to 

the positional information all entities share, chairs store the direction they face. This is 

done so that customers do not appear to sit in the chair by walking through the back of it.  

In addition, chairs may be occupied by customers. This information is stored so that 

multiple customers cannot sit in the same chair. 
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Figure 16. Visual representation of the entity class diagram 

It may not be obvious, but the score display is also a type of entity. Rather than a 

normal texture, the score display is dynamically created using a TrueType font file. 

Combined with a string of text and the font file, text can be treated just like any other 

image. As the score is updated, the text is rendered as part of the SceneNode. 

Actors can sit, stand, face a certain direction, or move to a position in the salon. 

The Actor class also implements image flipping. The frames that make up the 

movement for the Salon Manager are shown in Figure 17. In order to simulate 
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movement, several frames are looped in succession horizontally as an actor travels to 

their destination. When the direction is changed, the texture selection moves vertically 

along the actor’s source image file. If the actor stops travelling, the corresponding image 

in the first column is displayed. Finally, a path finding algorithm is implemented in the 

Actor class to assist actors travel from one spot to another without passing through 

objects along the way. The path finding system is covered in Section 3.7. 

 

Figure 17. The individual frames of the walking animation 

There are three types of actors that have been implemented: Customer, Pet, and 

Player. The Customer class implements all of the various customers that are seen in the 

game world. Each customer has a unique set of needs, patience, and potential tip 

amount. However, they all share the same artificial intelligence implementation. When a 

Customer is instantiated, the customer type (young man, woman, old lady) is chosen. 

The proper texture, their needs, and patience are all assigned at this time. The patience 

value is an integer from 0 to 100. This number is reduced while customers are forced to 
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wait longer for their service. When their patience reaches 0, the customer will leave the 

salon. Randomization is used to make each game unique by slightly modifying 

customers’ needs and patience.  

 

Figure 18. Randomization performed on the initial patience value. 

Figure 18 reveals the formula that determines the starting patience amount 

assigned to the customer before they arrive. On line 381, a random number between 50 

and 100 is generated. Depending on the customer type, an additional bonus or penalty 

multiplier can be applied.  

The artificial intelligence system enables customers to manage their own 

patience level and perform several actions on their own. The system is responsible for 

finding an open seat in the waiting area, moving to the register when all needs are met, 
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and leaving the salon when patience has run out. The Customer class also listens for 

mouse click events. At the top of Figure 19, the event handler determines if the player 

had clicked on an occupied waiting room chair. If so, the customerClicked() method 

is called. Line 229 checks if the customer would like a hair washing service and line 232 

finds an available chair for that service. In order to find an available chair, each chair of 

the type matching the value passed, in this case ChairEntity::Type::Washing, is 

checked. If all chairs are taken, the method returns nullptr. Otherwise, a pointer to the 

destination chair is returned and the customer stands and moves to occupy it. 

 

Figure 19. Game logic that moves a customer out of the waiting area 

The Pet Entity implements several behaviors. It can follow the manager, move to 

a random place, or sleep in the corner. Each behavior has a chance of occurring based 

on the current environment and some randomization. The most common state is the idle 
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state. In the idle state, the Pet takes no action. In order to change states, the Pet’s 

cooldown timer must expire. The cooldown timer is set after each state change and is 

different for every state. For example, there is a 5% chance the pet will decide to go to 

the food bowl located at the top left corner of the salon. The cooldown timer is then set 

for 30 seconds. There are several other states which all have a random chance of 

occurring and result in various cooldowns.  

The Player is relatively simple compared to the other Actors. The Player class 

extends the Actor Entity class by adding listeners for mouse clicks. When the mouse is 

clicked, the Player object decides what action to perform. There are several valid 

actions which include movement, performing salon services, or operating the register. 

The Player Entity does not respond to mouse clicks on customers in the waiting area. 

3.6 Layering System 

Because the game world represents 3D space using 2D objects, it is important to 

draw the 2D objects in correct order. Objects that are drawn last will be drawn on top of 

objects previously drawn in the same position.  

In order to achieve the effect where objects appear in front of others, the 

SceneGraph is split into multiple rendering layers. Not only is it important to integrate an 

object on the screen for depth order purposes, but special Blocking layers are used to 

stop Actors from traveling through them. All tiles and entities must be integrated into the 

SceneGraph and they must specify which layer they are associated with before they 

can be drawn to the screen. The number of layers is pre-defined and thus, a 

std::array is used to arrange them. This data structure is drawn in ascending order to 

create the layering effect. 
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The list below describes the rendering layers for the SceneGraph as shown in 

Figure 20. 

1. Floor – This is the base layer and contains the wood and tile flooring. It is the 

base layer of our salon. 

2. Intermediate Blocking –The salon walls are on this layer. Walls may not be 

walked through. 

3. Intermediate Decorative – The decorative layer consists of objects that are 

rendered below our actors but above the floor. It includes objects such as 

floor mats, and tile trim 

4. Object Blocking – This layer contains chairs, counters, baskets, and other 

decorative objects that cannot be passed through 

5. Object Decorative – The salon contains various objects on top of walls, on 

tables, or on chairs.  
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Figure 20. Tile layers used to create the salon 
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3.7 Pathfinding 

The actors in the game are often moving from one location to another. A simple 

pathfinding algorithm called Greedy-Best Search is shown below in Figure 21 (Patel, 

2014). An optimal pathfinding algorithm finds the path outlined in blue. Greedy Best-

Search will resolve the path in red. Because the algorithm does not have the ability to 

look ahead, it simply takes the step that brings it closest to the goal ignoring obstacles. 

It was unable to recognize the obstruction in the way until it ran into the obstacle. While 

this may be sufficient for our small game as we only have one obstacle of this shape 

(the register counter), we are emulating human behavior and therefore need a path that 

makes our entity’s movement more believable. 

 

Figure 21. Visual representation of Greedy Best-Search 

Although this type of pathfinding introduces some computational complexity, the 

small size of the game world makes it a simple implementation. All tiles take an equal 

amount of time to traverse. This leaves only two types of tiles: those that can be walked 

on, and those that cannot.  
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The A* pathfinding algorithm is used for actors to find their way around the salon. 

It guarantees the shortest and most efficient path to the goal node. A* works by visiting 

each tile in a circular pattern and combining two numbers: the cost from the starting 

point to itself and the estimated cost to the destination (Patel, 2014). This pattern is 

recursively performed revealing the path to the destination with the lowest combined 

cost. Since our map is only 20x12 tiles in size, it is possible to calculate the cost for any 

path very quickly.   

3.8 Data Collection 

Data collection is handled through a small set of classes that write the state of 

variables out to a file at specifically triggered intervals. Data can be corrupted if you 

attempt to modify the same file at the same time. The Logger class is implemented 

using the singleton design pattern to avoid this. With a singleton, a class may have only 

one instance (Nystrom, 2014). This also gives the flexibility of global access. Any class 

can write to the logger with little additional effort. The snippet in Figure 22 demonstrates 

its simplicity. 

 

Figure 22. Implementing a call to the logger 
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Once a customer has paid for their service, the RegisterQueue::dequeue() 

method is called. Line 55 verifies they aren’t leaving the store unhappy. If this check 

passes, the cust->leaveStore() method is called. This causes the customer to leave 

the store. The logger’s get() method calls the singleton instance of the logger class. 

The log() method logs the data to disk for further review. 
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4 Evaluation 

This thesis conducted the evaluation in three phases: refinement of user 

experiences, identification of appropriate questions, and survey of students. A total of 

three surveys were collected, one for each phase. The following subsections discuss 

each phase in more detail.  

4.1 User Experiences 

Understanding game mechanics for veterans can come much more quickly as a 

result of past experiences. Adversely, players who are not as familiar with games may 

take additional time to learn how to play. To provide an enjoyable user experience for 

children, Gracie’s Salon wraps problem-solving activities with a playful attitude (Schell, 

2008). User experience design for Gracie’s Salon is guided by the rules and constraints 

of the game and the player’s ability to interact with those rules. Game mechanics are 

carefully selected to create a robust game environment that is engaging for players.  

After 4 months of development, a build2 was demonstrated at the 2nd Annual 

CSUSM CSIS Software Showcase (CSUSM, 2014). Eight college level computer 

science students visited the station and played the game. After the game, they 

answered a survey providing feedback based on their experience. The intent of the 

survey was to help judge the entertainment value and difficulty of the game. The 

answers were used to determine if the game environment could be enjoyable to a much 

younger audience.  

A particular focus of the game’s enjoyment is its difficulty level. A game that is 

too easy becomes boring very quickly whereas a game that is too challenging can be 

                                            

2
 The initial development build is available at  http://bit.ly/1znUvvl 
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frustrating and disengaging. Two questions posed in the survey3 focused specifically on 

the game’s difficulty on a 5 point scale.  

1. How difficult was it to figure out how to play? 

2. Once you learned how to play, how difficult was the game? 

Figure 23 shows the responses from 8 students. Each pair of bars represents the 

opinion of a single player. A higher bar signifies a higher difficulty. The blue bar 

represents the game’s learning curve whereas the red represents the overall difficulty 

after they have learned to play. The results show that the game is slightly more difficult 

to learn.  

 

Figure 23. Game difficulty poll by college students 

The survey also included an open ended question that asked students to explain 

the ratings they gave about their game experience. A repeated theme among the new 

players was related to game control issues or the addition of a tutorial feature.  

                                            

3
 Survey results are available at http://bit.ly/114Ncgh 
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 “I suggest implementing a quick tutorial for first time users” 

 “The game needs a tutorial” 

 “When doing an action, the [movement] is not fluid” 

 “…the action should begin once the stylist arrives at the correct position” 

The feedback clearly showed the difficulty in learning how to play. Close 

observation of player interaction with the game revealed that the salon manager’s 

movement was distracting. In the version shown in the showcase, it was possible to 

click anywhere on the map to move the manager to that location. Rather than allowing 

the player to move about the salon at will, a change was made to only allow the 

manager to travel between service stations. This change helped focus the player’s 

attention to the service stations rather than to irrelevant places in the salon. Also, 

players seemed to be unaware they could click on customers sitting in the waiting area. 

Therefore, a second change caused customers to be highlighted in yellow when the 

mouse moves over a waiting customer. 

Once the movement and the customer highlighting changes were integrated, a 

small group of three middle school students were invited to play the game. The changes 

generated positive feedback in a short survey. Figure 24 shows a smaller gap between 

the difficulty learning how to play and the overall difficulty.  
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Figure 24. New feedback given after the movement change 

4.2 Question Identification 

Our hypothesis is that although children naturally develop strategies in game play, 

they do not instinctively recognize the underlying computational models that control the 

level of difficulty as well as game experience. Phase 2 of the research focused on 

finding the appropriate questions that will help assess children’s computational 

understanding both before and after modifying the underlying game rules. The game 

was given to five children to play, including the three middle school students mentioned 

in the previous section and two elementary students. Close observations were 

conducted while these children played the game and probing questions were asked to 

gain a better understanding of their thinking process. A common theme emerged that 

these children focused on serving customers as quickly as possible and worried more 

about getting to customers before their patience level went down too far. In addition, 

when asked the following question: 

If you could change the game … what would you do? 
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The responses were directed towards feature requests. For example, they asked 

for more stations, special shoes that increased the speed of the manager, and the 

ability to hire additional help in the salon. This proved to be a helpful question when 

surveying the final group. The feature of modifying the game rules was not available at 

the time when these children were asked to play the game. 

In order to help children recognize the underlying computational model, the game 

is augmented with the game rules menu. This gives players the power to manipulate 

several factors that make up the game environment. These options directly affect the 

game’s difficulty and it is up to the player to decide which settings they would like to 

change.  

4.3 Student Survey 

To further verify the effect of Gracie’s Salon on helping children recognize 

underlying computational models in game design, we approach Ms. Barb Spinosa, a 7th 

grade science teacher at Vista Magnet Middle School, to help recruit students from her 

school to participate in a 1-hour session of research study. No incentive was announced, 

even though snacks were provided at the end of the session. Students are expected to 

self-nominate to participate in the session. All are welcome and no specific criteria were 

given to Ms. Spinosa to filter students. Due to the constraint of school schedule, the 

only feasible time to conduct such session is after school. On Thursday, October 30, 

twelve students participated in the session.  

The twelve students were instructed to sit at least one chair apart in a Windows 

computer lab. The application and a link to the online survey were loaded onto a USB 
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flash drive. Each student received one flash drive that was labeled with a unique 

number. The number was used to link the game session with the survey responses. 

During the first 20 minutes of the session students learned how to play the game. 

There are no gameplay instructions, only visual indicators of the player’s progress. It is 

up to them to learn, adapt, and understand the rules of the game. Once the student felt 

comfortable with the game, a secondary goal asked students to serve as many 

customers as possible while keeping unhappy customers to a minimum.  

After this play session, the students were given a short survey. The short play 

session allowed the student to get comfortable with the game then immediately record 

their thoughts. Figure 25 shows the results of a 5 point scale question asking students 

how they felt about the difficulty level of the game where 5 signified the game was 

difficult to learn. The majority of students felt that the game was easy to learn. 

 

Figure 25. Game difficulty in the final assessment. 

We first asked open ended questions about their individual success and 

challenges in order to jump start their critical thinking. A common trend revealed that 
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people who rated the game more difficult tended to complain about the amount of 

customers who were present in the salon at once. They did not mention anything about 

game speed or the frequency in which they arrived. When asked, 

What do you think the programmer could do in order to make this 

game easier or more difficult?  

Here are the typical responses from students: 

  “…have levels starting from easiest to hardest and have 

employees helping” 

 “…[hire] more people to help you” 

 “It would be easier to have another person help”  

 “…[use money] to buy more stations … for cutting hair” 

Similar to the previous survey, most of the responses were focused on feature 

requests. However, the following three responses demonstrated some computational 

reasoning. 

 “…add more hearts so [they] last longer” 

 “…[make] the main person go faster” 

 “…make the customer have more patience”  

Following the survey, students were given instructions on how to open the game 

rules menu. Pressing F10 reveals the game rules menu which also halts the game in its 

current state. When they are satisfied with their changes, the rules are applied in the 

current context and the game resumes. During this free play session, the students were 

given an additional 15 minutes to play the game.   

The final questionnaire given to the students after concluding the game session 

asked the same open ended question. What do you think the programmer could do to 



Using Video Games   50 

   
 

make this game easier or more difficult in addition to the comments you made earlier? 

According to the survey4, nine of the twelve students responded positively by 

successfully recognizing game elements that they were unaware of before seeing the 

game rules. Most of them recognized walking speed having impact on the game’s 

difficulty. Other students commented on the arrival speed of the customers, the station 

operating times, and altering the patience timers.  

4.4 Additional Data 

Data shown in Figure 26 was recorded using the logging mechanism built into 

the software and saved onto the flash drive. Each line of data in the file is comma 

separated and records the following analytics about a game: the amount of unhappy 

customers, the amount of served customers, the amount earned in tips, the amount 

earned in service revenue, and an MD5 checksum that can be used to verify the score 

data (Grüdelbach & Vas, 2009). The MD5 checksum is a unique string that represents 

the score that was achieved. 

  

Figure 26.Sample score data. 

In order to match the logging information with the surveys, the data files5 were 

extracted from the flash drives and the files were renamed to identify which drive they 

                                            

4
 Survey detail is available at http://bit.ly/1vham05 

5
 Game data has been compiled and available at http://bit.ly/1uyidVu 
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came from so that they can be linked to the survey responses provided by the student. 

A closer look at the data provides some insight about student experiences. 

How successful were the students in subsequent games compared to the first? 

 

Figure 27. Comparison of learning progress between sessions. 

Figure 27 shows a pair of bar graphs representing the first two games for each 

participant6. Based on the changes made after the previous two surveys we have 

narrowed the learning curve. Students who were able to serve more customers indicate 

a firm grasp on the game mechanics whereas a lower overall score may show some 

difficulty learning these concepts. There are very few game sessions where there is a 

large gap between the first and second game. A large difference between individual 

game sessions may indicate trouble learning how to play for the first time. Three 

students served four or more customers between the two game sessions. 

                                            

6
 One student was unable to play two subsequent games for reasons unrelated to the project 
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Did students spend sufficient time modifying the game rules? 

 

Figure 28. Number of modifications over the entire session 

By examining Figure 28, between five and six total modifications were made on 

average per student. While most students appear comfortable with the game rules 

menu, it is clear not all of them are. Comparing session numbers between Figure 27 

and Figure 28 shows that the two lowest modifications, session 21 and 24, also had 

difficulty learning how to play the game. However, it is possible that the students were 

happy with the rules they chose and therefore did not want to continue to modify them. 

Figure 29 examines each participant’s last game session. 

How successful was each player at manipulating the game environment and 

serving customers during their final game session? 
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Figure 29. Examining the final game session. 

 In order to create the above chart, we took the last game for each session where 

all 15 customers were served. Students were given the freedom to make any decisions 

they wanted and no goal to achieve when altering the game environment. However, it is 

clear that most of the students adjusted the rules in a way that made them successful at 

the game.  Sessions 21 and 24 did not make any adjustments during their last full game 

but the data does not show the intent of this behavior. 
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5 Conclusion 

No matter who the subject was, all of the feedback we received about the game’s 

entertainment value was positive. Designing a positive game experience has been a 

key focus for the project in order to increase engagement. A student from Vista Magnet 

Middle School writes, “I actually think this game is amazing.” At the CSUSM Software 

Showcase a student said, “When I served the last customer in the establishment, it felt 

good!” Another indicated, “This game is very entertaining; great job.” 

When conducting various playtests and provoking responses, children were 

asked, “What do you think can be done to make the game more challenging?” The 

question was intentionally very generic. The most common response was to add 

additional features. For example, one student asked for “special boots that would allow 

the salon owner to travel quickly between stations.” Another mentioned, “…a stack of 

magazines at the waiting area would allow the customers to be more patient.”  

These answers confirmed our hypothesis that while children develop strategies 

to win games, they rarely pay attention to the thought that went into the game’s 

computational model such as the distribution of customer arrival or the time factors 

related to services and movement of sprites.  This is expected, because knowledge and 

strategy is more easily transferred by explaining how to perform a task, not by how the 

computational model applies to the world. For example, it is easy to tell a new player 

that it is better to provide as many wash and haircut services as possible up front and 

cash your queue out at the end. Conversely, it’s difficult to explain that the time it takes 

to travel to the register is 3-5 seconds and only takes 1 second to complete a 
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transaction for each client and moving between the washing and cutting hair takes only 

1 second and takes 3-6 seconds to serve a client. 

As we introduced the game rules control panel to our students, more feedback 

was collected regarding the games challenges. They were able to identify some 

computational components to the game’s rule system. One student notes, “To make the 

game really difficult, the programmer [would] have to make the game really slow like a 

snail.” Another mentions, “The programmer could make the wash and cut time shorter.”  

We designed a game environment to be easy to learn and manipulate in an 

attempt to get students to recognize the underlying computational models that control 

the level of difficulty as well as game experience. Combining the results of the open 

ended survey questions and the data analysis provides a solid foundation for a more 

focused study. However, despite the successful study, there are several key questions 

that are left unanswered.  Was there sufficient time for the students to understand the 

various prompts given in the game rules menu? Would it have been more effective to 

give the students a specific goal to reach and have them articulate their findings? In 

addition, we were unable to survey the student’s previous experience with video games. 

It is very difficult to assess the student’s understanding in such a short period of time if 

they spent more time learning how to play. The method of data collection records game 

information but is unable to assess the student’s behavior. Therefore future experiments 

could focus on this subject. The data set and software is made available for future 

researchers to conduct future experiments of their own. 
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