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Abstract

Art history students see hundreds of different images and must memorize the signifi

cant details of each one. Their learning would be increased by combining the pleasures 

and addictive properties of a video game with a mechanism to interact with the im

ages while learning the details. This thesis describes the design and implementation 

of an educational framework, called Sketch and Learn, that applies effective game 

mechanics to motivate the player to spend more time viewing images and remember 

the accompanying details. We had 25 students participate in a game using Sketch 

and Learn images and textbook-style images. Our results showed that participants 

spent three times more time on Sketch and Learn images and remembered 60% more 

of their details. The Sketch and Learn framework has great potential as a learning 

tool to help students of any language develop skills and knowledge in any subject 

m atter that involves images.
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Chapter 1

Introduction

Educators have been interested in harnessing video games for educational purposes. 

Video games have the ability to captivate attention for both short bursts of time and 

extended periods as players master gameplay and complete complicated tasks. Many 

allow players to do something that they are normally not able to do, for instance, 

travelling to an exotic land to search for treasure or rescue a princess. Not only can 

they be part of a story, they can also influence or change the outcomes. All ages, but 

especially teenagers and young adults, are fascinated by anything to do with virtual 

realities, fast-paced action, and challenging puzzles.

For these reasons, the academic community is looking to gaming concepts to create 

effective and engaging educational games. Interactive games have the potential to help 

students learn material and skills in a natural way since they tend to learn better by 

doing [43]. Players would be involved in a more active experience compared to other 

forms of learning such as reading textbooks or listening to a lecture.

Because of the ability of video games to focus attention, they can be especially 

useful in teaching boring facts or completing repetitive simple tasks. A good example 

of a domain that requires knowledge of a large body of facts and details is art history. 

Students in this discipline see hundreds of different works of art over the course of 

their degree and must memorize the details and significance of each one. There are
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many small elements and points of interest in any given image as well as background 

information that is required to understand the historical and artistic significance. 

Students must spend significant time learning image after image, which can be boring. 

Most students are not willing to spend enough time on each image to remember and 

analyze the details.

In art history, therefore, there is a need for a learning tool that would help students 

learn the relevant details about works of art. A video game would seem to be ideally 

suited for helping students spend more time learning and studying visual images. A 

review of art history teaching and learning practices shows a reliance on textbooks 

and lecture methods, and a lack of interactive technologies.

1.1 Thesis Problem  and Objective

The main focus of this thesis is on how we can use game concepts to get students 

to spend more time on studying images, and also help them remember the facts and 

details from those images. We propose that, by using a combination of effective 

game mechanics, we will be able to extend a person’s viewing time on images and 

that they will remember more details because of it. In particular, our main goal is 

the development and testing of Sketch and Learn, a framework to create educational 

games for studying art history images.

To create this framework, we review the concepts and game mechanics related 

to focusing attention, motivating, and interacting. We explore the potential of these 

mechanics for creating an effective educational framework. Of especial interest is 

incorporating a challenging way for players to interact and to give them some degree 

of control. We also take into consideration how a person perceives visual elements 

and remembers.
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Our learning interface incorporates elements such as responsive controls and chal

lenging, yet not too difficult, gameplay to keep players engaged and motivated. In 

particular, we design a game element called a glyph and mechanics called prospecting 

and sketching. Our glyph element is an outline of a mark, symbol, or area of the 

image which is associated with important information and facts, such as the use of 

a dog in the work of art to symbolize fidelity (see Appendix A 43). The glyphs are 

hidden in the image and the player must search for these glyphs by clicking on areas 

of interest. This searching is called prospecting. The player then traces the glyph to 

unlock the information; this is called sketching.

To test Sketch and Learn, we create a game with content provided by an art history 

professor. The game contains interactive Sketch and Learn images interspersed with 

static textbook-style images. After 25 participants play the game, we analyze their 

data to assess the success of Sketch and Learn and the game mechanics that were 

used.

1.2 Thesis Outline

Following this introductory chapter, we present in Chapter 2 the theoretical frame

works required when designing an educational art history game. We discuss the 

learning techniques and technologies that are traditionally used in art history, and 

the role that technology could play. We examine the crucial factors of designing ed

ucational games after looking at the history of educational video games. Some key 

game mechanics to help study art history are highlighted. Finally, since our game 

involves images, we consider how visual attention and memory affects players.

Chapter 3 covers the design of the Sketch and Learn framework and the gameplay, 

including the sketching and prospecting mechanics. We also indicate the techniques 

used to get players to spend more time observing and learning images, and we touch
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on how we chose to deliver the content to the player, and some limitations of this 

chosen design. Chapter 4 describes the game we developed to assess the Sketch and 

Learn framework. We outline our hypotheses, describe the method, and make some 

predictions that are tested through the in-depth analysis of the results in Chapter 5. 

Finally, Chapter 6 presents our conclusions as well as a look ahead to possible future 

studies.

1.3 Thesis Contributions

While exploring an art history educational video game, this thesis makes the following 

original contributions:

•  An educational framework, called Sketch and Learn, for studying images in art 

history that applies effective game mechanics, such as prospecting and sketching, 

to motivate the player to spend more time viewing the art and remember the 

accompanying facts and details.

•  The Sketch and Learn framework, a non-language-based learning tool that can 

be used for developing skills and knowledge with any subject m atter that in

volves images, for example, anatomy, biology, or geography.

•  Results from the study we performed to test the effectiveness of the mechanics 

used in the Sketch and Learn framework. The results show that players spend 

three times as much time viewing the images than the traditional textbook style 

and also recalled 75% more of the significant facts.



Chapter 2

Theoretical Framework

This chapter provides the theoretical framework of the concepts used in this study. In 

particular, we give some background on the typical learning practices and examples 

of the technologies available for learning art history. It becomes evident that an 

interactive technology such as a game would be a valuable learning tool in art history. 

Then, in a brief history of educational video games, we consider some of the issues that 

affect educational games. These issues allow us to highlight the important factors for 

successful learning games and point out relevant game mechanics that are extremely 

effective in popular commercial games. Two elements of a good educational game are 

visual attention and memory, concepts which are presented in the final section of the 

chapter.

2.1 Practices for Art History

This section looks at the general learning practices that students and art historians 

have used to study the topic, including some of the technologies and games that exist 

for learning art history. A review of the practices and technologies shows that there is 

a place for a new technology that features sketching and interacting with art images.

5
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Art history courses tend to be based on traditional textbooks that feature images 

of art and the history and analysis of the images in text. The principal method of 

teaching is the lecture method, as Joanne Sowell, a professor of art history, explains 

[45]. Students listen while the teacher discusses slides of images by various artists. 

Although some textbooks may include compact discs that have extra content such as 

videos and quizzes, the primary focus of the learning is the written text. Sowell points 

out that students often leave introductory classes with the ability to only repeat the 

thoughts of the teacher. They have not learned the principles of analyzing art pieces 

and are unable to extend what they have learned about a particular piece of art to 

other similar ones.

Sowell states that students need to learn how to approach art in a new way, using 

the process of exploration, invention, and application. For exploration, Sowell had 

students manipulate, sort, and order concrete objects while challenging the students 

to develop new modes of thinking. Students had to use the new modes of thinking 

to invent an explicit concept for solving problems. Finally, students had to solve new 

problems by applying their invented concepts. Technologies, especially games, can 

bring these new ways to learn closer to the students. For instance, a game could 

encourage the students to explore art images in their own way and apply concepts 

learned early in the game to later images.

The technologies that do exist for learning art history involve the same techniques 

discussed above, including viewing images and videos, reading descriptions and lis

tening to audio recordings. An example is the Google Art Project [27], developed by 

the technology giant, which allows users to view 30 000 high-resolution images from 

art galleries around the world. Users view the art by selecting either the location, 

the gallery, or the artists; users also have the ability to build their own collections to 

share online. The only novel approaches that Google incorporates is the super high- 

resolution images that allow users a closer look at the brushstrokes and the ability to
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virtually walk through the art galleries and view images as they are laid out by the 

galleries.

Another example comes from Le Louvre, a prestigious museum located in France. 

The museum offers guided tours and audio guides to help learn and understand the 

art. The website for the museum has several “Closer Look” features for a few of the 

images, which include a narrated video analyzing details that are highlighted in the 

video [1].

As for games for learning art history, the ones that do exist do not have interac

tion with the image; they are either quiz-type games that test knowledge or adventure 

games that attem pt to teach while telling a story. An example is a game by Eduweb 

called Pintura [20], an art history mystery where the player is tasked with investi

gating a painting and has to determine who the author is by comparing the style, 

composition, colour and subject matter.

Some art historians have found that sketching, drawing or recreating the art is 

helpful for learning and remembering the important information, or to them develop 

visual ideas. Fish and Scrivener [25] also explain how sketching is important in 

mental imagery and how both are linked to memory. In fact, self-help websites such 

as About.com [2] suggest sketching images to help remember important details and 

features when making notes for a painting or a drawing. In other words, physical 

interaction with an image can help focus a student’s attention on it and can help him 

remember it.

2.2 Video Games and Education

The preceding review of art history teaching and learning shows a lack of interactive 

technologies to help students learn to recognize and analyze significant features and 

facts about works of art. Games like Rock Band [4] and Guitar Hero [3] get the player
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to play popular music by interacting with controllers modeled after musical instru

ments. This type of active interaction helps players learn the words and melodies to 

these popular songs without playing a real instrument. In our opinion, a student can 

learn song lyrics more quickly by trying to sing along than by passively listening to 

a recorded performance.

Using technology to enhance education is trending stronger now than ever before. 

The mobile computing power of phones, tablets and laptops is continuing to grow 

while the price remains affordable, enabling more people and schools to have access 

to them. These technologies are providing access to games and social networks for 

more people in more places than ever before. About 97% of American teenagers 

between the ages of 12 and 17 play some sort of game [15].

Commercial games also have many useful concepts that can be applied to edu

cational games. Games like Mass Effect and The Elder Scrolls: Skyrim are massive 

games that have as much as 100 hours of playing time, yet manage to keep players 

focused and interested. Researchers are interested in how these games motivate peo

ple to spend so much time on them [14]. For these reasons, it makes sense to explore 

the power of video games for use in education.

2.2.1 H istory

Educational computer games have a history that dates back to at least the 1960s [22], 

although learning games have surely existed throughout history. Computers and video 

games have added the ability to create settings and scenarios that were previously 

difficult to simulate and eliminate some of the dangers that reality poses to a player. 

Military organizations around the world have had a large impact because games and 

simulations have been tested to replicate strategies and tactics used in battle [21]. For 

our purposes, a simulation is a representation of the “operation of a real-world process 

or system over time” ; [6] ; a simplified model executes on a computer, producing
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different outputs in response to different inputs. A good example is a flight simulator, 

used by many to learn to fly airplanes. Games and simulations have been used for such 

purposes as training high-level strategy and specific cognitive team-oriented skills. In 

particular, the US military, one of the leaders in using simulations for training, spent 

over $3.0 billion acquiring products and services for training [5].

The military wants to create scenarios with games and teach people to work to

gether towards a common goal. These scenarios are also used to learn the behavioural 

patterns and cognitive skills needed to accomplish different types of missions [5]. The 

military’s success in training through games and simulation promotes more funding 

and research. The problem with military research is that it is not always available to 

the academic community due to security reasons.

Educational institutions have many of the same learning needs as the military: 

to transfer content and skills to an individual in an efficient way. When we talk 

about non-military educational games, we tend to think of low-budget games with 

basic gameplay that attempt to apply simple learning theories. These games are also 

criticized for failing to integrate learning and game experience [22].

Another area that has had an impact on educational games is businesses and 

business schools. Corporations have used simulations in everything from forecast

ing the economy to helping them understand behaviours of complex systems [29]. 

Some corporations have used games for training management techniques, and busi

ness schools are using games to teach just as often as they use case studies [24]. 

Although these business-oriented games (for example, emergency management, flight 

simulators, weather forecasters) have made an impact commercially, they are still not 

as popular as shooting, action or sports-based games.

Most of the research on using technology to learn relates to other forms of edu

cational media such as television and film, but can be applied to games [21]. Even 

though the research is useful, it is important to note that these are one-way types
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of media, where the person viewing does not have to interact with it. Games are 

interactive by nature and require the person to interact with them in different ways.

Media such as films, television and games that combine education with entertain

ment have been called “edutainment.” Buckingham [10] explains that edutainment 

“relies heavily on visual material, on narrative or game-like formats, and on informal, 

less didactic styles of address.” Edutainment games tend to have a low amount of 

interactivity and follow a linear type of progression, preventing players from wander

ing or deviating from the main path [17]. Another characteristic is a poor connection 

between gameplay and what the player is supposed to learn [22]. In other words the 

main game mechanics are separate from the learning aspects of the game. For in

stance, in a game teaching math, rapidly pressing buttons to make a character move 

and fight, does not help the player learn math.

Nielsen [22] states that part of the problem today in regards to creating educa

tional games is with children’s attitudes about education. The attitude children have 

towards school, less interested and not actively involved in seeking solutions outside of 

the curriculum, tends to be the opposite of their attitude towards games. Prensky [40] 

elaborates that the attitude toward their games is “interested, competitive, coopera

tive, results-oriented, actively seeking information and solutions.” Educational games 

need to have the same elements as pure entertainment games in order to maintain 

their fun factor. For educational video games to be successful, they should have 

meaningful, interactive and challenging worlds where players can progress at their 

own pace and learning curve [22], Nielsen suggests that the three important factors 

for designing strong learning games are integration, motivation and focus. These are 

discussed in the sections below.
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2.2.2 Integration

The gameplay and the learning components should be tightly integrated such that 

when the player masters a game, he or she also masters the learning goals behind 

the game. Problems arise when games have little connection between the gameplay 

and what the player has to learn. A good example of this problem is demonstrated 

in Age of Empires II, a real-time strategy game that covers some of the important 

periods in history that are covered in the school curriculum. This game is not an 

educational game because historical knowledge is not needed to succeed in the game. 

Even though the historical vocabulary is mixed in with the gameplay, players just 

need to learn about the rock-paper-scissor dynamics in order to master the game. 

Since the learning goals are not integrated with the gameplay, many players will just 

ignore the historical information because there is no consequence for not learning [22], 

An example where learning is tightly integrated with gameplay is TyperShark. 

This is just one of the many typing games where the main objective is to type the 

falling words. In TyperShark, the player must type the words that appear on the fish 

and sharks before they reach the scuba diver character on the screen. These typing 

games succeed because the skill the player is learning is integrated with the gameplay.

Therefore, a key factor for a successful learning game is the integration of the 

material to the learned and the game mechanics and play. The next factor is making 

sure that the game motivates the players and keeps their interest and engagement.

2.2.3 M otivation

Motivation is used effectively in educational games when it takes into account player 

psychology and what the player thinks is fun [17]. The game needs to be designed in a 

way that the player wants to accomplish the tasks set out in the game. According to 

Nielsen, motivation in games involves keeping the players engaged with well-balanced
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gameplay, a balanced reward system, quick feedback, and consequences that change 

according to the player’s actions [22],

It is important to understand a player’s psychology when discussing motivation. 

What makes a game motivating is determined by what a player finds pleasurable; this 

approach of looking at how a player thinks and feels when they play a game is called 

“psychographics” by Schell [44]. Schell explains that some psychographics are easy 

to understand; for example, for a player that is a “dog lover,” creating a game about 

dogs would increase the chances of that player being interested or motivated to play 

the game. Other psychographics are not so concrete and can be traced to what people 

enjoy most, what they find pleasurable and desirable. Salen and Zimmerman [42] and 

Denis and Jouvelot. [17] also mention that pleasures and desires are important factors 

that provide motivation to play a game. Denis and Jouvelot state that pleasures 

and desires are forms of intrinsic motivation and reflect the dynamics of a learning 

curve that requires constant adjustment to maintain the player’s engagement. In 

their definition of pleasure, Salen and Zimmerman include “any physical, emotional, 

psychological, or ideological sensation” (p 330). Salen and Zimmerman also mention 

that the contrary factors (pain, frustration, and despair) are equally important for 

understanding the pleasures in a game.

Looking further into the different pleasures found in a game, Hunicke et al. de

scribe eight pleasures that make a game fun [30]. Of interest to this thesis are sensa

tion, challenge, discovery and expression. Sensation involves using your senses such 

as seeing an attractive visual or hearing pleasant sounds. Challenge is encountering 

a problem to be solved or the action of solving a puzzle. Discovery is finding some

thing, whether it is a solution to a puzzle or an area or object in a game, and finally 

expression refers to the pleasure of expressing yourself or creating something.

Hunicke et al.’s list is just one enumeration of the various pleasures that exist 

in games and are factors in a player’s motivation, which will be explored later. For
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instance, Schell mentions such pleasures as humor, possibility, anticipation, achieve

ment, surprise and thrill. However, each player will place different values on the 

pleasures based on their preferences [7].

Schell mentions another pleasure concept, purification, that is relevant for this 

thesis. He states that “it feels good to make something clean” (p. 112). Any game 

that has the player get rid of all the enemies or find all the missing objects takes 

advantage of the concept. A good example appears in Pac-Man, a popular arcade 

game from 1980, where the yellow pie shaped character has to eat all the dots in order 

to advance to the next level.

All of the pleasures are motivational elements, and a good learning game integrates 

these elements in some way or form. If a player is motivated to play the game 

and the game focuses on learning concepts then this results in a player interested 

and motivated to learn those concepts in the game setting. The “game” without 

motivation should be categorized as educational software instead of a game [22]. The 

last element Nielsen writes as a good educational game is the element of focus.

2.2.4 Focus

Nielsen describes focus as the game’s emphasis on its learning experience. In a game 

with lots of historical terminology and facts, the player can focus on those facts by 

interacting and exploring a historical map or city. However, if the focus is on walking 

around and searching for objects in those boxes, then the player will only learn to 

walk around, search and identify boxes. This does not help the player learn the 

historical facts associated with that city. It is important to focus the main part of 

the gameplay on the learning activities.

Schell also states that focus is an important part of game design, but goes into 

further detail looking at the brain’s ability to concentrate its attention selectively. 

Schell gives the example of a cocktail party setting; people have the ability to “tune
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in” to the conversation that they are participating in and “tune out” all the other 

conversations going on. This idea of focus relates directly to motivation and the 

desires of the player. The goal is to create experiences within the game that hold 

the player’s focus as long as possible. To do this we must use motivation to capture 

the complete attention and imagination of the player, but keep the focus around the 

learning elements in the game.

Where in the World is Carmen San Diego is an educational game series that takes 

players to different geographical places around the world as Carmen attem pts to arrest 

different villains. The games in the series are successful in teaching geography to its 

players by offering clues and information about the locations of the suspects. The 

player must learn about each location and deduce which location to go to, based on 

their clues. If a player chooses incorrectly, they are given clues that will direct them 

back to their previous locations. One of the factors that make the game interesting 

is the time aspect. The player has only a certain amount of time before the suspect 

“gets away.” In that case, the player must start over and try to catch a new suspect. 

The time factor is important to make sure the player learns the correct information 

and makes the right choice.

Nielsen believes that these three factors of integration, motivation and focus are 

key to creating strong educational games. He also notes that the motivation factor 

is not as important when it comes to formal academic settings, where students are 

required to do certain activities. We have discussed that integration, motivation and 

focus are important; to help explain how to achieve these, we describe a concept 

called “flow.”

2.2.5 Flow

The concept of having the right balance between challenge and progression is called 

flow. Salen and Zimmerman, Nielsen, and Schell all refer to psychologist Mihalyi
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Csikszentmihalyi’s [13] definition of flow as “a feeling of complete and energized focus 

in an activity, with a high level of enjoyment and fulfillment.” When this state of flow 

happens, the only thing we are thinking about is what we are doing and we often lose 

track of time.

Schell describes some of the key components that are necessary to put a player in 

state of flow:

1. Clear Goals: If the goals are clear, it is easy for a player to focus on completing 

them.

2. No Distractions: Distractions break flow by breaking the players’ focus.

3. Direct Feedback: If the player has to wait for feedback then it is easy to get 

distracted.

4. Continuously Challenging: Challenge is a type of pleasure, but it must be 

achievable.

The gameplay must provide just enough challenge to keep a player in the flow state. 

If there is too much challenge, the player can experience frustration and too little 

results in boredom. Csikszentmihalyi describes this as a “flow channel.”
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Figure 1: The flow channel (adapted from Csikszentmihalyi, 1997)

Figure 1 shows this flow channel and how there is a balance between the skills 

the player has and the challenge a game can provide. As the player’s skill increases, 

the game must provide a similar increase in challenge in order to maintain that state 

of flow. Often, we see that game designers maintain this flow by increasing the 

difficulties of the level or the enemies as they get further into the game.

Schell notes that there is much debate about whether it is good to have the flow 

interrupted when a player gets to a level or an enemy that they cannot easily defeat. 

The player ends up spending more time being frustrated and may give up on the 

game. This scenario can happen but the argument remains as to whether some level 

of frustration is a good thing or a bad thing. It is bad because the player will get 

frustrated and sometimes quit and never return. On the other hand, you could argue 

that, although such a situation digresses from the state of flow, it ensures that the 

player spends more time perfecting their skill or learning the material.

When players persist and overcome the obstacle, they feel a sense of accomplish

ment. As we mentioned before, a player’s focus relates directly to motivation and
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psyche, and a sense of accomplishment is a strong motivating emotion. It is also one 

of the more important pleasures that can be used to create successful educational 

games.

2.2.6 Achievem ents

Richard Bartle [7], in his taxonomy of player categories, includes achievers; he argues 

that the main goal of this type of player is to gather points, get higher scores, and rise 

in character levels. Bartle is referring to achievers in a particular class of online role- 

playing games; however, Schell describes a similar idea of achievement, or completing 

extra goals that may not be part of the main gameplay, as another pleasure that 

players enjoy. One way that game designers tap into this particular pleasure is to 

make it possible for players to complete a game at multiple difficulties; in order to 

complete the achievement the player must spend enough time to play through the 

game on each of the required difficulty settings [36].

Another way of creating a sense of accomplishment is with trophies or medals 

awarded when the player has completed a certain task, regardless of how it relates 

to the main gameplay. Many of today’s popular gaming systems, such as the Xbox 

360 and the Playstation 3, use achievements as a universal reward system for their 

specific console. Mikael Jakobsson explains how it works for the Xbox 360 gaming 

system [31]. “Each game must have 1000 points that will be divided into a maximum 

of 50 achievements. When a player gets points and achievements, they can share 

and compare their points and achievements with others.” Salen and Zimmerman 

refer to this type of achievement system as a part of the larger social context of 

a game. Achievement systems provide a sense of community and competitiveness 

among players.

Although the concept of achievement systems is garnering much attention because 

of the popularity of the gaming systems, it is not a new concept. Jakobsson explained
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how Atari, a video game company, used a similar system 30 years ago that worked 

in a more manual fashion. Players had to take pictures of their television screen if 

they achieved a certain score and mail the photos to the developers. In return, they 

received a physical badge so that they could show it off to their friends.

2.2.7 Game M echanics

We have covered how factors such as integration, motivation and focus are important 

when designing games; now we will take a look at game mechanics and how they make 

up gameplay. Schell defines game mechanics as “the interactions and relationships 

that remain when all of the aesthetics, technology, and story are stripped away.” He 

notes that there is not one taxonomy of game mechanics that can cover everything 

due to the complexities of gameplay. There are a couple of game mechanics that are 

important for this thesis.

Prospecting is a game mechanic that involves searching, scouting or scanning for 

something within the game. It relates directly to the pleasure of discovery, one of the 

pleasures identified by Hunicke et al., listed earlier in this chapter. A good example 

of this is found in Minesweeper [34], a game where the player has to flag all of the 

hidden mines without hitting any of them. A player can click or prospect one of the 

squares to reveal some valuable information about the potential mines around that 

square. However, they also run the risk of hitting a mine and therefore losing the 

game. This risk is part of the fun as it falls under Schell’s chance category.



Figure 2: A screenshot of the Minesweeper game

In other games, prospecting does not have as big of a risk as Minesweeper does. 

An example of this is in Mass Effect 2 [8]. Players can scan planets for resources that 

are valuable for accomplishing certain tasks in the game (such as upgrading weapons), 

and they can also discover other missions to accomplish. To scan a planet, players 

click on a planet, then rotate it as an in-game scanner displays a grid about the 

resources in the area. When players decide on an appropriate area, they can launch 

a probe to harvest the resources.

Figure 3: A screenshot of the Mass Effect 2 scanning mechanic
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In both examples, the player has incentives to use the prospecting mechanic to 

gain some type of reward, whether it be information or a resource in the game. The 

prospecting mechanic is a way to engage the player by using the element of chance and 

surprise along with mystery and possible failure. Prospecting also helps the player 

focus on particular areas in the games space, but a better way to engage a spatial 

sense is with sketching.

Sketching is a game mechanic that enables the player to express themselves in a 

natural way. It helps the player express their intent in relation to spatial concepts [49]. 

This mechanic satisfies Hunicke et al.’s pleasures of sensation and expression. While 

some games use a recognition-based approach for the sketching interface [26], others 

apply a visual and conceptual understanding within the game to interpret the input 

from the sketcher [19]. A good example is the sketch-based war strategy game called 

nuWar, created by Dunham et al., tha t features sketching. In this turn-based two- 

player game, each player sketches war tactics on the screen to describe strategies to 

their respective teams. When both players are ready, the game shows the results of 

their actions by simulating a set amount of game-time. In Figure 4, the Red-side 

player sketches the course of action, in this case an ambush.
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Figure 4: A screenshot of the game nuWar that uses a sketch mechanic and shows 
the player describing an ambush

Prospecting and sketching are two mechanics that get players to focus and pay at

tention to specific areas in the image. Two game mechanics that were also considered 

were spot-the-differences and password-type. In the spot-the-differences mechanic, 

players try to find a set number of differences between two very similar images. One 

image is most likely derived from the other using some image or photo manipulation 

tool that changes small, specific details, such as a break in a line or a missing eye. The 

player must concentrate and pay attention to the details in order to notice differences 

and identify them. The creator of the game content would need to make sure that the 

differences between the images involve the significant elements of the images to make
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sure the player would pay attention to them; however, typically differences in these 

games are very minor and we wondered if players would remember the significant 

details. We envisaged technical problems with removing features from the images. 

Even if we managed to overcome the technical difficulties, other people might have 

trouble doing it and the framework would then not scale well.

In a password-type game, the players would be responsible for creating and solving 

the password-type puzzles. To solve one of the puzzles, a player would be shown parts 

of an image (the rest would be blurred or blacked out) and try to guess the name of 

the image or the significant details that represent the password. In order to create 

these image puzzles, players require a certain level of understanding and knowledge 

of the image to decide which areas to show and which to blur out. They also have 

to decide the password key, name of the image, name of the artist, or the specific 

detail required in order for players to solve the puzzle. This mechanic would get the 

player to study the images while creating the puzzles and would test their knowledge 

when solving puzzles they did not create. One problem with this is that we cannot 

embed facts or other learning material easily in the game. The players can study 

the image, but not the history or symbolism within the game environment. Another 

problem is that we need a community to play and that it would not be easy to test 

players individually. In addition, we would have had to spend a lot more time with 

this mechanic to set up infrastructure before getting to the point of being able to 

test it. Also, since players would be creating the content, we would need some sort 

of solution to check for puzzles that are incorrect or did not make sense.

Both the spot-the-differences and password-type mechanics seem good for testing 

a player’s knowledge; however, they do not seem good for helping students learn the 

material initially. The spot-the-differences mechanic only allows for identifying the 

differences, which may or may not be significant in the image. In the password- 

type mechanic, previous knowledge of the image is required for solving the puzzle.
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Essentially, the only beneficial type of learning lies in creating the puzzle; however, as 

we noted before, the players would be able to study the images and not information 

about the history. While both of these game mechanics have merit, they both have 

a limited variety of activity and it was decided to proceed with Sketch and Learn 

because it allows for a greater scope for continued interaction with the image.

2.3 Visual A ttention and Memory

We have covered game mechanics and discussed the role they play in educational 

games and how important it is to understand human psychology in designing those 

mechanics. When designing an educational game with any type of visual element, 

understanding how to get the player to perceive what you want him to perceive and 

remember what you want him to remember is necessary to designing a good learning 

game.

W hat a player sees and remembers in a game is determined by how much attention 

is paid to the subject. Visual attention allows players to select the information that 

is most relevant to their ongoing behaviour. Chun and Wolfe [12] explain that visual 

attention is relevant in any situation such as driving a car or walking down a street. 

In order to drive or walk safely, people need to be able to detect and interpret signs. 

The reason the signs are in certain locations, shapes, sizes, colours and languages are 

to get the attention of the person so that it is noticed, but not too distracting to 

cause the driver to lose focus.

In researching spatial and temporal attention, Chun and Wolfe considered the 

theoretical, behavioural and neurophysiological work done in the area. Of their anal

ysis, the more important points for designing games is how the player decides what 

to focus on and how memory works with attention.
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First of all we have to focus on attention. The brain has a remarkable ability to 

cope with a vast amount of information and has some attentional mechanisms to han

dle overload. The attentional mechanisms have two main roles: to select behaviorally 

relevant information and to ignore irrelevant information. The brain processes all the 

information and selects what it wants to focus on, which is called active selection. 

Although many studies have focused on active selection [38] [9] [18], of interest to 

game design is attentional selection over space and time. Typical studies have sub

jects focus their attention on part of a spatial array and report on the focus of their 

attention [23]. Chun and Wolfe describe this type of attentional spotlight as “the 

feeling that attention can be deployed, like a beam of mental light, to reveal what 

was hidden in the world.”

There have been important experiments for understanding spatial attention, from 

cueing experiments that have been used to study spatial attention as a spotlight to 

overlapping movies that looked at object-based attention. This has been discussed by 

both Posner and Cohen [39], and Neisser and Becklen [37]. Posner’s cueing experiment 

had subjects fixate on a central box at the beginning of the trial. Then, there was 

a variable target delay until the cue lit up, at which time the subject had to press a 

button as quickly as possible.

According to Chun and Wolfe, the cues aided the detection of the target and also 

helped the subject respond to the stimuli presented at the cued location. Chun and 

Wolfe also noted that the overall perceptual load of a particular task has to be high 

enough to ensure the subject would not be able to process the targets that were not 

part of the event. If the perceptual load was not high enough, targets would be able 

to process information and objects that were not part of the target. A way to increase 

the perceptual load in a game is by adding visual effects.

An experiment by Neisser and Becklen tested whether attention is based on space 

instead of time. Their experiment showed two separate movie clips that overlapped
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each other in space. One clip showed people throwing a ball and the other clip had 

people playing a hand game. The subjects were to focus on one of the overlapping clips 

and respond to certain events in them. Even though the clips overlapped each other, 

it was rare for the subjects to respond to the odd events in the unattended movie. 

The experiment showed us that selection is based on the objects and events over 

time, and not just based on space. However, in terms of the overall visual attention, 

location does play a critical role [11]. In conclusion, a game designer should be careful 

in placing critical visuals that appear at the same time on the screen too far apart, 

since a player would only be able to pay attention to one of them.

The review above describes some of the behavioural mechanisms of attention, 

but another important factor to consider when designing educational games is how a 

player will remember the important details they see on a screen. Attention and the 

processing visual and spatial information invokes a system of working memory, which 

psychology textbook author James Nairne called the “visuospatial sketchpad” [35]. 

Nairne gives an example involving the visuospatial sketchpad where a person would 

try to count the number of windows in their house by visualizing themselves going 

through the house. This helps with memory as people associate the windows with 

real physical locations.

The spatial memory concept can be transferred to other situations, such as when 

a person goes through a virtual environment, they will be able to remember the 

locations of certain items or objects, or when a person is asked to recall a specific 

feature in an image, he will visualize the location of that feature. Similarly, colouring 

books such as The Biology Coloring Book [28] are used in schools as a study aid. 

Since the students spend time with an image and colour the specific elements, they 

remember where those elements are located within that image. There many books 

like it, covering topics from anatomy to geography and even botany.
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Spatial memory is important to educational games. Game designers should design 

the game with the knowledge that players will associate objects with their locations 

on images or within virtual environments. Spatial memory combines with visual 

attention to help the player learn through the game.

2.4 Conclusion

We began with a look at how art history is taught and argued that interactive tech

nology could help students learn to recognize and analyze significant features and 

facts about works of art, a key skill in this field of study. In addition we found that 

sketching is considered an effective technique. We then examined the various elements 

that need to be considered when designing an educational art history game.

A good educational game features tightly integrated gameplay, continually mo

tivates the player throughout the game, and keeps the player focused on the game. 

These elements put together along with a fine balance between challenge and diffi

culty keep the player engaged in the flow of the game. Achievements and the various 

game mechanics can be used to extend gameplay and motivate the player to have 

fun while learning. Of particular interest to educational art history games are the 

sketching and prospecting mechanics.

Since focus and memory are important to an educational game, we examined 

some key concepts in visual attention and memory. Highlighted features without 

overloading players with too much information helps them focus on those features 

and remember them better. In addition, players will remember the locations of those 

features, a fact that game designers must take into account.



Chapter 3

The D esign of Sketch and Learn

Sketch and Learn is specifically designed for the creation of sketch-based games to 

help players learn a domain where images are prevalent. As we discussed in the 

Theoretical Framework, prospecting and sketching are the key game mechanics to 

help players remember relational details and keep them motivated to learn.

In this chapter we examine the important elements of the design of Sketch and 

Learn: controllers, player hub, and game view. In particular, we describe the overall 

framework, the elements of game mechanics we used to get players to spend more 

time on and learn more about the works of art, and how we implemented those 

mechanics. We explain how prospecting and sketching promote learning and how 

they work with other mechanics such as purification to get the player to spend more 

time on the image. Screenshots are presented to help illustrate and complement 

the descriptions and experiences using Sketch and Learn. Mechanics explored in the 

Theoretical Framework that were found to be outside of our scope are discussed as 

well as the limitations of this particular design. The last section in the chapter covers 

the pros and cons of using text to deliver the facts about the images as opposed to 

audio or video.

27
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3.1 Controllers

Sketch and Learn was created using the ASP.NET MVC 3 framework which is used 

for creating scalable web-based applications. The framework enforces the Model 

View Controller pattern so that we isolate the domain logic in the controllers. In 

our implementation, we designed controllers to add and delete artists’ information, 

manage users, create content, and handle the game, as follows:

Artist

The artist controller lets users list the artists and view biographical information 

and the images created by each. This controller also allows users with specific 

permissions to add and delete artists.

User

The user controller allows the user to create an account, and login and logout 

of the application. It handles passwords and keeps track of whether a user can 

create content or not.

Content

A controller to create content was implemented so that it would be easy to create 

content for the game. It allows users to add or delete artists, images, glyphs, 

and detailed information about the images. This information gets written to 

the database so that the game controller has access to it.

Game

We designed the game controller to handle all of the actions that take place 

in the game. It retrieves the images from the database as well as the player’s 

progress on each image and displays the images and the information in the 

Player Hub; see section 3.2. Then, if a user clicks on an image, the controller 

brings up the Game View (see 3.3) for that particular image and displays the
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level of completion by the user. To do this, the controller gets the image, artist 

name, details and all the glyphs belonging to that image, and sends them to 

the user’s Game View page.

These four controllers proved adequate to ensure a smoothly functioning game. 

Additional controllers could be added to this model, for instance, a controller to 

display images based on when they were created.

3.2 Player Hub

tt,

Figure 5: A screenshot of the players hub

The Player Hub is the front page to Sketch and Learn and the page players use to 

access images. The player can see all or a subset of the images available to learn. The 

images are shown in a smaller size along with the name and the player’s progress. 

The smaller images allow for the display of a larger number of images on the screen. 

The images are presented on the screen across and then down with a maximum of 

12 per page, with a link to the other pages if necessary. The progress is shown
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either as “Image not yet viewed” or the number of glyphs found compared to the 

total number to be discovered. We show progress to help players know if they have 

partially or fully completed an image, allowing them to have a sense of achievement 

as they get closer to their goal of learning the whole set of images [44]. It also helps 

the player to choose which image to work on.

3.3 Game View

The Game View contains the image that the player is focusing on, the title and 

name of the artist, the reward area, and the information area (Figure 6). The player 

interacts with the image by prospecting and sketching the glyphs. A glyph is an 

outline, a drawing, a shape or an area that the player must sketch in order to obtain 

valuable information about the image. In Figure 7 below, the green outline is a glyph. 

The player can also click on the artist’s name to be taken to the artist’s page.

T itle ------------------------------*[
Artist 1 1 1   ♦ ( I

Image

Information Area

General Information
Reward Area

I__K Home Button

Figure 6: A schematic of the Sketch and Learn game page
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Figure 7: A screenshot of the full Sketch and Learn game page

As the glyphs are completed, star icons light up in the reward area below the 

image and the significant fact associated with that glyph appears in the information 

area. Under the reward area (star icons) is the information area, where the text for 

each glyph appears as well as a general description of the image with its location and 

date of creation. Finally, a home icon at the bottom left corner of the page, there is 

a home icon, allowing the player to return to the Player Hub.

We developed the Game View using HTML, Javascript and CSS on top of the 

ASP.NET MVC 3 framework. We also used a couple of open source tools, Process

in g 's  and JQuery, to create the interactive game mechanics, which are outlined in 

the following sections.
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(a) Prospecting area (b) Prospecting area shrinks

Figure 8: Screenshots of the prospecting mechanic

In order to find the glyphs within the image, the player must locate an interesting 

feature in the image and click on it to see if there is a glyph. This is called prospecting 

and is shown in Figure 8 above.

In the figure, the player clicked near the top left of the image. A semi-translucent 

circle appears, showing the player the area that was searched. Once the player has 

prospected, there is a five-second delay until the player can search again. The circle 

slowly shrinks as the time counts down to help the player know when he can start 

prospecting again (see Figure 8b). If the player tries to prospect another area before 

that time period is up, nothing will happen.

When the player prospects an area and a glyph is within the search radius of the 

circle, sparkles appear at the start of the hidden glyph. They fade away shortly after. 

By discovering a glyph, the player has unlocked it and now has the ability to see
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the glyph when the cursor is close, sketch it, and reveal the information about that 

element of the image (see Figure 9).

T o ln e  up p er left Is Apollo, god  of poetry, m usic, ani

(a) Prospecting discovery (b) Sparkles a start of glyph

Figure 9: Prospecting and discovering a glyph

The prospecting element motivates the player to scan and observe all of the details 

in the image. The challenge of prospecting is rewarded by finding a glyph linked to 

a significant element of the image and learning about that feature. The player keeps 

looking for the pleasure of discovery and the visual pleasure of the sparkles, which 

makes prospecting fun.

Prospecting also helps the player remember details of the image even if there is 

no glyph associated with that particular spot on the image because he or she needs 

to scan the whole image. Players will look in the corners, look for different shades or 

changes in colours, interesting objects, and other elements of images that would go 

unnoticed when quickly glancing at the image.

The delay between mouse clicks was designed to prevent the player from rapidly 

clicking in an attem pt to find the glyphs more quickly. The goal is to make players take 

more care in their investigation of the image. This delay gives each prospect a type



34

of cost, in terms of time, that the player will have to consider before every prospect. 

However, if the delay was too long, players might get distracted or lose interest. 

Although the choice of five seconds was arbitrary, our limited testing showed that five 

seconds provided enough of a challenge without frustrating the player, maintaining 

flow. This could be an interesting area for further research.

3.3.2 Glyphs

Glyphs play an important role in the Sketch and Learn as they are the main element 

that players must discover and then trace. Three main types of glyphs can appear in 

the Sketch and Learn, associated with an object, an element of design, and a general 

concept for the image. See Figure 9 for examples of the different types of glyphs that 

can be discovered in the game.

(a) Glyph 1

»
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(b) Glyph 2 (c) Glyph 3

Figure 9: Types of glyphs

Figure 10a shows the outline of a dog and the fact that accompanies it describes 

the dog to be a symbol of fidelity. This type of glyph clearly outlines the object in 

the picture and has a description for the exact object it outlines. Figure 9b shows 

a glyph that outlines a portion of the Roman arch, which is an element of design to 

connect the three groups of images. This type of glyph has a description that explains 

how the design element is used in the work of art. The last glyph, Figure 9c, outlines 

an element that by itself is not significant. It is connected with general information 

about the work of art as a whole: in this case, the fact tha t the work of art is typical 

of the artist’s style.

The creator of the content is not restricted to creating these types of glyphs and 

has the flexibility to provide information ranging from very specific details to general 

facts about the image. Now that we have described the different types of glyphs that 

a player can find in the game, we will present the sketching mechanic.



36

3.3.3 Sketching

(d) Starting the sketching (e) Sketching part way (f) Sketching complete

Figure 10: Sketching a glyph

In order to encourage the player to focus on the area where the glyph is located 

and to pay attention to the information associated with it, we designed a sketching 

mechanic. Our sketching mechanic emphasizes the area of interest by getting the 

player to sketch the outline of the glyph and when the player successfully traces the 

whole glyph, a sound notifies the player and the glyph slowly fades away and sparkles 

appear rewarding the player with a “ta-da” effect.

There were a few important decisions we made when designing the sketch me

chanic. After the player prospected the glyph, we still wanted the user to focus on 

that area, so we made the glyph hidden until the player moved the cursor close to 

the glyph. Hiding the glyph, even when they have prospected it, and only showing 

it when the cursor is close, encourages the player to remember where the glyph is 

located.

To make the sketching guide stand out, we designed it to show the outline of the 

glyph in a bright green colour with a thin black outline. This contrast of light and 

dark allows the glyph to be seen clearly on any image. To keep the player challenged
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and engaged throughout the sketching process, we decided not to display the whole 

glyph at once. As the player sketches, we only show a small part of unsketched 

portion. We also decided that the portion of the glyph that has not been sketched 

should be a different colour. We chose this colour to be red with a black outline 

because it highly contrasts the green and is distinct on any image. The unsketched 

red shows the player the path to sketch. Figure 10 shows the three versions of one 

image with the glype at different stages of sketching: starting the sketch, partially 

completing the sketch, and completing the sketch.

Another decision that had to made related to challenging the player. The following 

conditions caused the player to go back to the beginning to restart the sketch:

•  the player moves the cursor too far away from the glyph

•  the player moves the cursor too fast

•  the player moves the cursor too slowly

This made the player focus on what they were doing and provided some degree of

difficulty. Testing showed that the glyph could not be too complicated to trace or 

the player became frustrated. We had to work on the sensitivity to the positioning 

of the cursor and use glyphs that had smooth curves and few corners.

To help reinforce the information connected with the glyph, a textbox appears 

with the associated information as the player traces the glyph. In Figure 10, the text 

provides information about the statue that is being circled.

To give emphasis to the information in the textbox and allow the player some 

time to read it, we decided to leave it on the image for a short period of time. Testing 

also suggested that a period of five seconds proved sufficient for most players to read 

the blocks of text. However, we did allow players who read quickly to click the mouse 

and close the box before continuing prospecting for other glyphs. The text is still
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available for review in the information block of the Game View, below the image (see 

section 3.3.4 below).

This tracing or sketching helps the player’s memory and also mimics drawing or 

sketching with a pencil, which, as discussed previously, helps the player learn and 

remember the image. The visual effects aid in fixing the information with the specific 

location which is a key element in memory.

3.3.4 Stars

In order to provide the ability to review the glyphs and images, we added a set of 

star icons that represent each glyph. If the icon is grey, it means that the glyph is 

not yet complete. When the glyph does get completed, the star icon changes to a 

gold colour and a positive sound gets played. In our case it is the Super Mario Bros 

coin sound from the classic video game that many players would associate with video 

game rewards.

Figure 11 shows one star lit up, because a player has put the cursor on top of it. 

This causes the associated glyph to appear in green and displays the related text in 

the information area. Players can select any gold star to review the information and 

keep track of where the glyphs are located.

The stars also function as a way for a player to track his progress, providing a 

visual goal in terms of the amount of remaining glyphs to find. By showing the 

player how many glyph remain uncompleted, Sketch and Learn takes advantage of 

the pleasure of purification discussed in the Theoretical Framework. Players will feel 

the need to discover and sketch all of the glyphs in the image until there are none 

left, giving it a clean feeling.
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Figure 11: A screenshot of a complete glyph

3.3.5 Fact Delivery

One of the important decisions we had to make was how to deliver the information 

and facts to the player. The facts could have been embedded in the form of audio or 

video, but we decided text was the best delivery method for Sketch and Learn. T his 

section describes some of the advantages and disadvantages of using each method and 

why we chose text to deliver the facts.

Our first idea for information delivery was to use audio to deliver the facts to 

the players. The player would be sketching parts of the image and simultaneously 

listening to audio facts that accompany the glyphs. The advantage of using audio to
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deliver the facts is that it does not take up any space on the screen, so the player would 

see the image at all times. This would be great if it were not for the disadvantages. 

Creating the audio content, getting an actor to read and voice the appropriate details, 

is costly and time consuming. The alternative of computer generated, synthetic, voice 

just won’t be appealing to the player as it sounds fake and, making it difficult to 

understand [16]. The other disadvantage is that the players would have to listen to 

the information at the speed that it is delivered. However, if we presented the facts 

in text form, then the player could consume the knowledge at their own pace.

Since audio facts are difficult and costly to create, we decided to use text. The 

advantages in the delivery of facts using text lie in the ability for the designer to create 

content quickly and for the player to learn them quickly and to view them whenever 

they want. As mentioned before, having facts in text allows players to read them at 

their own pace. Creating text content is much simpler than creating audio content, 

especially since a lot of content is already available in textbooks and on the web. This 

also helps us compare the Sketch and Learn style more directly to a textbook style as 

both use text as the medium to deliver content. A disadvantage is that text content 

needs to be displayed on the screen. This will break the players focus from the image 

as the player must concentrate on the text.

The last idea that we considered using was video. Video is a great learning medium 

and is widely used in schools and classrooms around the world. The problem of using 

video for our solution is that it has all of the problems of audio and text combined. 

Creating educational videos is even more costly than creating audio. We would need 

actors, editors, digital graphics, etc. This would make it very difficult to create large 

amounts of content. Another problem with video is that it interrupts the player’s 

flow of observing the image and forces the players to view the video in its entirety to 

learn everything about it. We decided this would not be desirable.
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3.4 Limitations

We are aware that the design could be improved by the inclusion of some game 

mechanics. Certain game mechanics would have required a more long-term time frame 

in order to test the results, for instance, an achievement system and different levels 

of images to complete, both of which would be supportive to learning the images.

Adding an achievement system to the framework would increase the players’ mo

tivation to learn. It would do this by promoting and positively reinforcing performing 

certain tasks in the game. There would be trophies for small tasks such as sketching 

their first glyph, completing their first image, and learning five images from a partic

ular artist, to larger tasks such as completing 100 images from a certain time period, 

completing all images from a certain artist and even completing all images available. 

All of these side tasks provide clear goals that encourage players to play Sketch and 

Learn and learn the images. Achievement systems, as discussed in the Theoretical 

Framework, have been tested thoroughly and proven effective in games so we figured 

that we did not need to test this idea.

Another idea similar to an achievement system is having different levels of com

pleteness for images. For each image in Sketch and Learn, we show the image and 

have glyphs and data associated with it. It would be beneficial for learning purposes 

to have the player revisit and review the information from the image [35]. Sketch 

and Learn allows for this, but we had the idea of providing information for each 

image in stages. For example, say we have an image A with 30 different glyphs and 

information associated with each. This would be difficult to learn all at once, so we 

would break up the information into separate levels. For 30 glyphs we could have 

three separate levels of completeness for the image A. On each level of completeness 

the player would have to sketch ten glyphs and learn the information for each. We 

would also not allow the player to complete all 30 glyphs of image A at one time.
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Once the player finishes one level of completeness, he would be forced to complete a 

certain amount of different images before being allowed to continue to the next level 

of image A. This mechanic would force the player to revisit images in order to learn 

all the information about them and help them learn with smaller chunks of data. To 

test whether the player would learn more using this mechanic would require longer 

experimental times and more than one session per player.

Another possibility was to implement the Sketch and Learn framework for mobile 

and tablet computers that use a touchscreen. This would give the player even more 

of a hands on sketching feeling and the ability to learn everywhere with a mobile 

device. The problem is that type of development would require some modifications 

to our interface using the touchscreen. The prospecting mechanics could be used, but 

the sketching would have to be modified as the player’s fingers might block the view 

of the line to sketch. We would also have to design the Game View for the specific 

size of the device’s screen. Although a mobile application is a good idea, we wanted 

to test the mechanics in a simpler environment.

We are also aware of some limitations to the current game design. Our prospecting 

and sketching mechanics rely mainly on images and visual cues within them, so we 

should consider the limitations of this design. We would not recommend teaching 

domains for which critical thinking or problem-solving skills are required, since these 

depend on a deep understanding of the domain that cannot be conveyed by associating 

small pieces of text to images. For the same reason, this framework does not work for 

learning complex subjects. For example, trying to teach programming or computer 

science theory using this method would be difficult, although certain facts might be 

teachable using images. Therefore the Sketch and Learn framework, at this point in 

time, is limited to domains involving basic facts and ideas associated with images. 

This approach is also not reliant on an energy source whereas the Sketch and Learn 

framework requires a device that uses energy to interact with it. Even though the cost
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of the devices (that are capable of running the framework) is dropping, a significant 

amount of the population simply cannot afford them. For these reasons, Sketch and 

Learn would not likely replace the textbooks and traditional teaching methods, but 

could be used as a companion by students to learn the material.

3.5 Summary

We chose to focus the thesis on the design of the gameplay and interaction with the 

images for a standard desktop experience and to keep the Sketch and Learn relatively 

simple by not adding an achievement system and different levels of the images. We 

designed the framework to get the player to focus on the images and learn the details 

through the prospecting and sketching of the glyphs. The prospecting mechanic 

encourages the player to explore parts of the image that they might have overlooked 

and the sketching reinforces the glyph symbols and facts that are associated with each 

one. The star icons underneath the images represent the number of glyphs that can 

be found and help the player track progress. The star icons were chosen to provide 

an element of satisfaction since stars are generally associated with achievement. The 

stars also allow the player to reconnect the information to the glyph at any time, 

aiding learning.

We implemented all of the mechanics with the purpose of getting the player to 

spend more time on each image and learn more details about each one. The following 

chapter describes the study performed with volunteer players playing the game to 

test whether the Sketch and Learn framework is effective as designed.
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Study D esign

This chapter provides an overview and a detailed description of the study that we 

performed to test the useability and effectiveness of Sketch and Learn. The study 

assessed our thesis that, by using a combination of effective game mechanics, we will 

be able to extend a person’s viewing time on images and that they will remember 

more details because of it. We also wanted to see whether certain game mechanics 

would help students remember more details. To do this we created a game with 

images using Sketch and Learn and images laid out with the text beside it as they 

would appear in a textbook.

The remainder of this chapter details the game design, methods and test session 

details of the study. The results are presented in the following chapter.

4.1 The Game

To obtain the content of the game, we approached an Art History instructor, Cristina 

Martinez, and asked her to provide images and content that would be relevant to Art 

History. She provided us with 11 images, listed in Appendix A, and between seven to 

ten point-form details about each, such as the historical significance of a particular 

gesture or the artistic significance of a design element.

44
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With the images and content provided by the Art History professor, we used Sketch 

and Learn to create some game images. We also created some images using traditional 

textbook-style techniques that conveyed the same information. The textbook-style 

pages displayed an image and had all the important information displayed to the left. 

See figure 12 for a comparison of the two styles.

T h e  c e l  me: c* S:i  i : Mr i t t r

_'y
*k.

(a) Textbook Style

(b) Sketch and Learn Style 

Figure 12: Comparison of the styles
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Notice the image takes up approximately a half page on the right and on the left 

we display all the important information and details associated with that particular 

image, compared to the larger image of the Sketch and Learn images. These two 

types of images were alternated in the game as described below.

In the game, we recorded specific data in connection with the images. For the 

traditional textbook style, the image number and the time spent on the page were 

recorded. For the game style, the image number, the time spent on the page, and the 

number of failed tracing attempts were recorded.

We also created an assessment at the end of the game to examine how many 

details were retained by the participants after playing the game in comparison to 

the traditional style of learning images. This assessment contained three images, one 

from the set of images they viewed in a game style, one from the set of images they 

viewed in a traditional textbook style, and the other was one that they had not seen 

in the study. These images were presented after the participants had completed a 

post-game questionnaire, and were asked to describe all the details they recalled or 

noticed.

4.2 H ypotheses

The study was designed to test the following hypotheses:

HI Participants will spend more time on the Sketch and Learn images than on the 

textbook-style images.

H la  Participants will spend more time on images that have more glyphs embedded 

in them than images with a smaller number of glyphs.

H2 Participants will recall more facts and details from the Sketch and Learn images 

than the textbook-style images.
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If the data supports Hypothesis HI, then Sketch and Learn has met our key 

goal: to get players to spend more time studying images. However, if players do not 

remember any facts or details after playing, then our design is not effective. Therefore, 

the data must support H2 to show the effectiveness of Sketch and Learn as a learning 

tool. H la is not as important, but supports Hi. If players are spending more time on 

the images with more glyphs, this would indicate that they are spending more time 

on the Sketch and Learn images because of the game mechanics of prospecting and 

sketching, and the pleasure of purification. This idea of purification, where players 

feels compelled to (or maybe even take pleasure from) completing tasks is discussed 

in the Theoretical Framework.

4.3 M ethods

This section will provide the details of the procedures used in our study. We wanted 

to have an emphasis on the game, so that the users would play and test our game to 

give us a clear idea of how they enjoyed it, if it promoted viewing the images for a 

longer, time and if they learned more.

We ensured that each image had a similar number of glyphs, so that we could 

measure how long participants spent on each image. We also measured how well they 

performed the sketching task and how well they remembered the details from the two 

different scenarios. The following sections will describe the participants and how we 

grouped the participants in the study. Then we will recount how we performed the 

experiment in chronological order, give the full detail of each step performed, and 

report how the data was collected.
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4.3.1 Participants

We had two main pools of participants. We had 11 participants that were in a first- 

year level Art History class and 14 participants that were in university but were 

not taking any Art History classes, for a total of 25 participants. The age of the 

participants was between 18 and 25. There were 11 females and 14 males and everyone 

was able to read and write in English. The participants were recruited by a flyer 

or word of mouth. Participation was completely voluntary. We received informed 

consent from each participant, and each participant was given 10 dollars for their 

participation and time.

4.3.2 Experim ental Groups

The game involved 10 images. Five of the images were viewed in the game style with 

the details embedded in the game, for the participant to discover as they interacted 

with the image, and the other five images were viewed in the traditional textbook 

style with text on the left and the image on the right. Participants could choose the 

order that they looked at the images.

The participants were divided into two groups. Group one saw half the images in 

the game style and the other half in the textbook style. Group two saw the alternate 

style of the same pictures. See Table 1 for the specific breakdown.

4.3.3 Test Session Overview

The study took between 60 to 90 minutes for each participant. They sat in front of a 

regular desktop computer that had a 17-inch monitor with eye-tracking hardware and 

software hooked up. They filled out a questionnaire online that included questions 

about age, gender and art history knowledge. See Appendix B on page 96 for the 

questionnaire.
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Table 1: Style of images for each group

Image Group 2 Group 1

1 Game Textbook

2 Textbook Game

3 Game Textbook

4 Textbook Game

5 Game Textbook

6 Textbook Game

7 Game Textbook

8 Textbook Game

9 Game Textbook

10 Textbook Game

After we calibrated the eye tracker, they viewed and played the game while the 

eye tracker was recording data about where they were looking on the screen. When 

finished, they filled out a post-game questionnaire, online. This included questions 

about their previous knowledge of the images shown, how they enjoyed the game, and 

if they enjoyed the sketching.

As the final element of the study, they were shown three images and were asked to 

describe all the details about them. The following section will go into further detail 

about each part of the study.

4.3.4 Test Session D etail

The previous section provided a chronological overview of the study; in this section, 

we will provide a more detailed report. At the start of the study, students were asked 

to fill out a background questionnaire to determine their previous knowledge of video 

games and art history. We also calibrated the eye tracker to the participant. The 

calibration required them to look at the screen and follow a blue dot that moved to
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different positions on the monitor. The questionnaire and the calibration took less 

than five minutes for each user.

Following the calibration, students were verbally given a description of the game 

and the rules. Due to technical limitations, discussed in the Results section, we 

informed participants that they should not view the game images more than once. 

They were also told that they were expected to learn all the information that they 

would read and that there would be some sort of test at the end.

Then the students were given a practice image to test out the game and when 

they were ready, they could click on the start game link to start the study. All the 

participants were able to complete all images within the 45 minutes of allotted time. 

After this, they were asked to fill out a questionnaire about the game.

Following the questionnaire, participants were shown Figure 40: Masaccio, Fig

ure 41: The Calling of Saint Matthew, and Figure 50: A Bar at the Folies-Bergere (see 

Appendix). They were asked to describe all the details about each image, everything 

that they remembered of the two familiar images during the game and anything spe

cific they noticed or concluded about the images. This was all voice-recorded. The 

session was completed once they finished describing the images. We decided to have 

the participants fill out the questionnaire before the “test” so they had time to reflect 

on all the images they had viewed.

4.3.5 D ata Collection

Data was collected in several ways: through the two questionnaires, through eye 

movement recorded by the eye tracker, through time spent on the page and, for the 

game images the number of failed tracing attempts.

The questionnaires were filled out on the desktop computer through an online 

service called Survey Monkey. The background survey asked about the participants’ 

history with video games and knowledge of art history. This helps us analyze the
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results about their experience with playing games and see if there were any differences 

between the participants who had previous knowledge and the ones who did not have 

any knowledge of art history.

The questionnaire following the game asked about the satisfaction with the game, 

a comparison of the two methods, and enjoyment of certain aspects of the game. The 

participants were also asked if they had seen any of the images before.

The eye tracker we used was the Tobii 1750 and the software we used to interpret 

the data was Clearview 2.7.0. The eye tracker works by recording eye movements 

frame by frame. The software running on the computer interprets where the eye is 

looking on the screen. This particular eye tracker tracks the movements by using 

Pupil Centre Corneal Reflection, which involves using a light source to illuminate 

the eye and a camera to capture the reflections. Under normal test conditions, the 

accuracy of the placement of the eye is within less than a centimetre [48].

4.4 Predictions

We expected that participants would get through all of the images provided in the 

allotted time. However, we did not expect participants to remember all of the details 

of all the images. We believed that participants would spend more time on the game- 

style images, but we did not know how much more time. We also predicted that, 

because they were spending more time viewing the game-style images, they would 

notice more details and remember more of the information that was given to them 

through the game.

In the next chapter, the results are presented and discussed. The general feedback 

during the pilot phase, before the official study, was that the most participants enjoyed 

learning in this manner, believed they would spend more time playing the game to
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learn compared to a textbook, enjoyed playing the game itself, and found Sketch and 

Learn easy to use.



Chapter 5

R esults and Analysis

In this chapter, we will summarize the main results of the study to see whether 

the mechanics used are effective in accomplishing our goals. The data pertaining 

to time spent, details mentioned, facts learned, eye movement and fixation, and the 

questionnaire-based data will be analyzed in separate sections. We will conclude with 

an overall discussion of the results and limitations of our study1 based on the results 

of the analysis.

To begin, we had to check the quality of the data. We discovered that two partic

ipants would need to be excluded due to comments made during the audio analysis. 

One person revealed previous in-depth knowledge of a particular image and the other 

reported a lack of sleep that she said would affect her score. These subjects were 

excluded from the data analysis, thus leaving us with a total of 23 participants.

Of those 23 participants, 14 of them are male and 9 of them female. The back

ground questionnaire revealed that most of the participants do not play video games 

on a regular basis. Seven answered that they played zero hours of video games per 

week, eleven said they played between one and three hours, four played between four

1One of the limitations we ran into was that we omitted recording the number of glyphs com
pleted by each participant into the database; this was because of how we reset the data after each 
participant.
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and seven hours, and only one participant said they played more than that. Figure 13 

shows the breakdown in graphical form.

Hours of video games per week

0  X to  3 4 to  7 7+

Hours of pitying gam es

Figure 13: Breakdown of how often participants play video games

We also asked them why they played video games, providing various reasons that 

they could choose; participants could choose more than one. 64% said they played 

for entertainment and 40% answered to pass the time. Only two participants said 

they played them to develop their intellect and the rest said that they only played 

with friend or that they do not play them at all.

The final question was about the participants’ previous art history knowledge, 

where they were given a choice between one for no knowledge, and five for expert. As 

Figure 14 shows, 11 participants indicated having no knowledge and 12 indicated that 

they had some knowledge or that they had taken a couple of classes. No participant 

chose four or five (expert).
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Histogram of previous knowldge in art history

No knowledge Took a couple classes Expert
Previous art history knowledge

Figure 14: Histogram of previous knowledge

5.1 Time Spent

In order to test hypothesis HI, we need to assess whether participants spent more time 

on the Sketch and Learn images than the textbook-style images in our experiment. We 

computed the average Sketch and Learn time and textbook time for each participant 

and compared them. Using a paired t-test in Microsoft Excel 2010, we found the 

mean, variance, count and P-value. These figures axe reported below in Table 2.

Table 2: Comparison of Time in Minutes between Game Style and Textbook Style

Style Mean Variance Count P-Value

Sketch and Learn 4.81 1.20 23 <0.0001

Textbook 1.42 0.39 23

The count in this table refers to our 23 participants. The table shows the mean 

of the Sketch and Learn images was more than three times the mean of the textbook
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images. This means that the overall average time spent on the image was three times 

longer, also shown in Figure 15. The variance for both styles is within normal ranges. 

W ith regard to hypothesis HI, our test shows a P-value of less than 0.0001, meaning 

that our results did not occur simply due to chance, and that the difference between 

the Sketch and Learn group and the textbook group is statistically significant. This 

supports our hypothesis.

Average Total Time Spent in Minutes

Figure 15: Total average time spent on images for all participants

A comparison of the histograms for Sketch and Learn times and textbook times 

shows the significant difference between them. Figure 16 shows that most of the 

participants spent at least an average of three minutes on Sketch and Learn images, 

while Figure 17 shows that most participants spent less than two.



57

Histogram for Sketch and Learn times
9 

8

7

a. e s
I5
O 4

J ,
E 3
a
z  2

1

0
1 2 3 4 5 6 M ore

Time in m inu tes

Figure 16: Histogram for Sketch and Learn times
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Figure 17: Histogram for Textbook times

We also wanted to see how the art history participants compared to the non

art history participants. Figure 18 shows that participants from art history spent 

more time on average than non-art history participants in both styles. A paired 

t-test revealed a statistical significance between art history group and the non-art
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history group for the Sketch and Learn images. The average time spent of the non

art history group was about a minute less than the art history group. There were also 

no particular comments in the questionnaire that shed light as to why the non-art 

history participants spent less time than the art history participants; however, we 

could speculate it is due to a lack of interest in art history and the visual aspects.

Art History Time vs Non-Art History

-■ Sketch and le a rn

A rt History Non-Art History

Figure 18: Total average time for art history and non-art history participants

Another paired t-test revealed that no statistical significance between the two 

groups for the textbook images and that the average times spent were very close with 

a difference of less than 15 seconds. Therefore, the difference in time spent by the art 

history participants compared to the non-art history participants is only significant 

for the Sketch and Learn images. This could be the subject of another study which 

uses a larger sample size and more detailed questionnaire to examine specifically 

the different reactions of art history and non-art history students; however, we can 

speculate that the art history students were more interested in sketching because they 

are more interested in art.
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Figure 19 shows the average time spent by the number of details/glyphs for both 

Sketch and Learn and textbook styles. Once again, hypothesis HI is supported by the 

fact that the average Sketch and Learn time is greater than the textbook time for the 

number of details/glyphs. Now we take a look at hypothesis H la, that participants 

will spend more time on images that have more glyphs embedded in them than images 

with a smaller number of details/glyphs.

Average tim e  sp en t
8.00 t ----------------------------------------------------------------------------

■ Sketch and Learn

7 8 9 10
Number of eWphs on image

Figure 19: Average time by number of details/glyphs

The figure shows that images with the most details/glyphs (10) have the highest 

average times spent. Through another paired t-test, we compared the times from the 

Sketch and Learn images with 10 glyphs to the times of the images with 7 glyphs. 

For the group of images with 10 glyphs, the average time spent was 6.31 minutes 

with a variance of 4.84, and the group with 7 glyphs had an average time spent of 

3.30 minutes with a variance of 2.04. Since the average time spent on the images with 

10 glyphs is almost double that of the images with 7 glyphs and with a P-value of less 

than 0.0001, meaning that it is statistically significant, the results support hypothesis 

Hla.
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There are several reasons why having more glyphs on the image would get the 

participant to spend more time. The most notable reason is that each glyph takes 

a minimum amount of time to find and to sketch and having more will increase the 

total time. It is likely that one reason could be that participants feel compelled to 

finish all the glyphs; this is the pleasure of purification, discussed in the Theoretical 

Framework. Another reason could be the amount of information to remember. When 

there are more glyphs and text the participant might take more time to commit all 

the information to memory.

One reason that makes the comparison difficult is the type and spacing of the 

glyphs. For example, an image might objects that are spaced throughout which would 

have the person scanning more and spending more time. On the other hand, when 

glyphs are closer together, the player can discover several glyphs with one prospect 

(click). Also, a structural feature such as a focal point might be more difficult to 

notice than a recognizable object such as a dog.

We come back to looking at hypothesis HI and as with any study involving in

dividuals, the average time spent on the images may be distorted by extreme highs 

or lows. In order to reduce the differences between individuals, we transformed each 

image time into a standard score. For each participant we took the time they spent 

on each image(x) and subtracted the mean (u) of all of their images (10 in total). 

Then we divided that number by the standard deviation (sd) of those 10 images to 

get their score (z). The formula is z =  (x — u)/sd. We generated these scores using 

the scale function in the R programming language, version 2.14.2 [47].

Figure 20 shows two histograms of all the participants; one represents all the Sketch 

and Learn standard scores which the other represents all the textbook standard scores. 

The figure shows that the standard scores of the Sketch and Learn images are above 

zero for the most part and the textbook images were mainly below zero.



(a) Textbook Style (b) Sketch and Learn Style

Figure 20: Histogram of standard scores separated by style

The histograms show similar distributions of standard scores; the Sketch and Learn 

scores have a peak on the positive side and show more deviations than the textbook 

scores which have a peak close to -1.0. We found the average of the Sketch and Learn 

standard scores to be 0.73 and the average textbook standard scores to be -0.73, 

which means that the time spent on the Sketch and Learn images is 1.46 deviations 

more than the time spent on textbook images. The results of the standard scores 

support hypothesis HI and accounts for the variances between participants.

We also obtained eye-tracking data that can help with the analysis of time spent. 

The eye tracker keeps a record of each fixation point as an (x,y) coordinate and 

the length of the gaze in milliseconds. We were therefore able to create a hot spot 

plot of one of the images to assess where the participants were looking. As the eye 

tracker user manual explains, this type of “plot is a powerful way to visualize the 

gaze behavior of an entire group of recordings” [48].

The hot spot plot below was created by the Tobii Clearview 2.7.0 software and 

shows where the participants have been looking for the whole time they were on the
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page. The plot includes averaged data from all the participants, based on the amount 

of times their eyes looked at a specific location on the image. A highlighted area 

indicated the number of eye fixations the participants viewed that specific location 

with the colours showing average numbers ranging from no colour, representing little 

or no fixations, through green and yellow, to red for larger amounts of fixations.

Due to the detailed nature of the eye tracking data and the time required to fully 

analyze it we chose to analyze only one image, the Calling of Saint Matthew. We 

chose this image because its hot spot plots are very similar to the aggregate of all 

the images combined for each of the two styles. It could therefore be considered 

representative for the purposes of our analysis of eye tracking data. In addition, 

most of its detail is in the center of the image and less around the edges. This will 

help us see if Sketch and Learn gets the participants to look at the less interesting 

details of the images. Another reason is that participants had remembered at least 

one important fact related to the glyphs based on recorded audio comments made at 

the end of the game. The image is shown in Figure 21.

% *

Figure 21: Image of the Calling of Saint Matthew
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The hot spot plot for both the Sketch and Learn style and the textbook style are 

shown in Figures 22 and 23 respectively. In Figure 22, which is a Sketch and Learn 

style, the red and yellow spots show participants fixating more on and around the 

faces in the image. All the green areas, both bright and faint, show that the gaze 

was also on the feet, the window and other areas of the image, including the corners, 

possibly showing the participants searching for glyphs. We also see that there were 

some fixations by the star icons and the text below. This shows participants fixating 

on the image and reading the text that hovers over the image after the glyphs are 

traced.

Figure 22: A hot spot image of the Calling of Saint Matthew Sketch and Learn-style 
page

In contrast, Figure 23 shows participants fixating more on reading the text than 

observing the image. Although the gaze on the text looks fairly evenly spread out, 

the gaze on the image is mostly concentrated around the center where the faces are. 

Major areas of the image, around the window, the feet and the corners, are not studied 

at all. Notice that there are no red or yellow highlights on the image which indicates
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that participants fixated less than the Sketch and Learn style. This is likely due to 

the fact that participants spent less time on the style as we showed earlier in this 

section.

Figure 23: A hot spot image of the Saint Matthew textbook-style page

To assist in the analysis, Figure 24 shows a side-by-side comparison of the two 

styles. It shows by the red and yellow that participants fixated more on the image in 

the Sketch and Learn style as expected. It also shows tha t more areas of the image 

were viewed.

(a) Sketch and Learn Hot Spot (b) Textbook Hot Spot

Figure 24: A hot spot comparison of The Calling Saint Matthew
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Figure 25 shows the same comparison of the two styles; however, we have nor

malized the textbook hot spot image to what it would look like if participants had 

spent the same amount of time as on the Sketch and Learn image by multiplying the 

fixation count by three, since the data described above showed that they spent three 

times as much time. The normalized hot spot figure still shows that more areas of 

the image were viewed in the Sketch and Learn style.

(a) Sketch and Learn Hot Spot (b) Textbook Hot Spot

Figure 25: A hot spot comparison of The Calling Saint Matthew (normalized for 
overall time)

Figure 26, in addition to normalizing the time as above, takes into account the 

time that the text box appears on the image in the Sketch and Learn style. We 

added 15% to account for the approximate time for the text box. This percentage 

was chosen based on a analysis of snapshots to be discussed later. As you can see 

from these images, the textbook hot spot image still shows less fixations on many 

areas. An interest in faces is evident in all cases.



(a) Sketch and Learn Hot Spot (b) Textbook Hot Spot

Figure 26: A hot spot comparison of The Calling of Saint Matthew (normalized for 
overall time and textbox time)

Another important piece of information is shown in Figure 27, where we show a 

side-by-side comparison of the Sketch and Learn style with all the glyph locations and 

sketching paths. Many fixations occur on and around the sketching paths showing 

how the sketching mechanic engaged the participants to focus on that area. The 

green highlights in the corners away from the paths may be due to the participants 

prospecting in these areas.
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(a) Sketch and Learn Hot Spot (b) Glyph Locations and Sketching Paths

Figure 27: A hot spot comparison of the Calling Saint Matthew with the glyph 
locations

In order to seek more insight into how participants played Sketch and Learn 

images, we analyzed the eye-tracking recordings to see how much time they spent 

searching, sketching, reading and reviewing. We arbitrarily chose four participants, 

two non-art history students and two art history students, to give us four snapshots. 

We also chose a different image for each participant to determine how much the image 

complexity and glyph locations affected where the time was spent. They all found all 

the available glyphs in the chosen image. This analysis will help us understand the 

types of glyphs that cause more difficulty and the effect of the complexity of the image 

and the glyphs. We also wanted to see if there was any similarity in the percentage 

of time they spent on the various tasks.

The first recording we analyzed for a non-art history student was 5.22 minutes long 

and the participant was trying to find the 10 glyphs shown in Figure 27b above. These 

glyphs are of similar size and shape to the glyphs in most of the images and cover more 

than half of the image, similar to the majority of the images. The average time spent
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on this image was 7.06 minutes so this student spent almost two minutes less. He 

spent 52% of the time searching, 29% sketching, 16% reading and 3% reviewing the 

glyphs and facts (see Figure 28). This student was skilled at sketching and therefore 

spent less time at that activity. Since this is one of the images used to test the facts 

recalled, we know that this student remembered six of the glyph details, which is 

slightly higher than the average for that image (4.56).

Breakdown of Time Spent
Reviewing.

3%

Figure 28: Breakdown of time spent for participant 1

The second recording we analyzed was also for a non-art history student and 

the image also contained 10 glyphs shown in Figure 29. The participant spent 3.85 

minutes on the Sketch and Learn image, a little more than half the average time of 

7.36 minutes. The glyphs were spaced throughout the image quite evenly and were 

associated with most of the distinct objects in the image, making them easier to find. 

This student spent 38% of the time searching for the glyphs, 37% sketching, 16% 

reading and 9% reviewing the glyphs (see Figure 30).
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Figure 29: Image viewed by participant 2

Breakdown of Time Spent
Reviewing

Figure 30: Breakdown of time spent for participant 2

The third recording was for an art history student. The student spent 6.81 minutes 

on the image, which had many long angular glyphs spread throughout. The average
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time is very close this students time, 6.14 minutes. The glyphs, shown in Figure 31, 

axe concentrated near the center, making it more difficult to distinguish which glyph 

to sketch. The student spent 43% of the time searching for the glyphs and 39% 

sketching them. The student failed sketching a few times and was distracted by the 

text; when her eye gaze jumped between the text and the glyph, the cursor strayed 

too far off the glyph and she had to restart. The last 18% of the time was spent 

reading and reviewing (see Figure 32). Of the nine total glyphs, the student recalled 

four glyph details; this is a bit higher than the average of three.

Figure 31: Image viewed by participant 3
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Breakdown of Time Spent
Reviewing

3%

Figure 32: Breakdown of time spent for participant 3

The last recording we analyzed was also an art history student, who spent 

4.84 minutes finding the nine glyphs, almost the same as the average, 4.47 (see Fig

ure 33). The breakdown of the time spent differs significantly from the rest of the 

three recordings described above (see Figure 34). Only 11% of the time was spent 

searching for the glyphs and 15% was spent reading the facts. The rest of the time 

was spent sketching (64%); the student did not look at the stars at the bottom. There 

are a few reasons that could explain this breakdown. The glyphs are all centrally lo

cated; with one prospect the student discovered six or seven of them. Also, when the 

student finished sketching one of them, the start of another glyph popped up. The 

student would quickly move on to the next glyph and spend less time reading. The 

two glyphs that were not clustered together are object-based and the student was 

quick to notice them as glyphs.



Figure 33: Image viewed by participant 4

Breakdown of Time Spent
Searching 
_  11%

Reviewing

Figure 34: Breakdown of time spent for participant 4

Generally participants spent more than half the time searching and sketching the 

glyphs with the times for each task roughly equal (except for the fourth recording).
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The rest of the time was primarily spent reading. The time spent searching for 

glyphs was highly dependant on their size and location within the image and also 

their proximity to each other. The sketching time was based on the complexity, 

length and location of the glyph, and also the ability of the player. If the player was 

distracted easily, then longer glyphs were more challenging. Reading and reviewing 

depended on how fast the player read and also how familiar the player was with the 

concepts.

Prom an observational point of view, participants had more difficulty finding the 

beginning of the longer glyphs, especially when more than one was in the same prox

imity. The player looking for the glyphs might find one and think that they had 

that area covered. However, if a glyph was smaller and appeared directly after the 

completion of another glyph, then finding the starting point was more obvious and 

quicker for the player.

Another observation from these recordings was that, although there was no one 

particular glyph that was more difficult to find, participants often struggled to find 

the last unknown glyph. This last glyph is inherently tougher to find because the 

participant has not yet thought of searching in that particular area. Also, since there 

is only one left to find, then the chances of the participant finding it by accident are 

a lot less than when there were ten. Although these recordings were just snapshots, 

they gave us a sense of how the players looked for and sketched the glyphs to help 

explain some of the other data we have been analyzing.

In this section, we examined the study data relevant to time spent in order to 

see if it supported our hypothesis HI, that participants will spend more time on the 

Sketch and Learn images than on the textbook-style images. The data included a 

comparison of time in minutes between the Sketch and Learn images and the textbook 

images, and an analysis of the eye tracker data. The data supported hypothesis HI.
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In addition, a comparison of the amount of time spent on each image allowed us 

to test hypothesis Hla, that participants will spend more time on images that have 

more glyphs embedded in them than images with a smaller number of glyphs. This 

hypothesis was also supported. An interesting fact revealed through our investigation 

was that art history students spent more time on each Sketch and Learn image than 

non-art history students. We speculate that art history students enjoyed discover

ing facts more because they already had some knowledge from other pieces of art; 

exploring this reason could be the basis of another study. In conclusion our analy

sis has shown that the game mechanics implemented in Sketch and Learn kept the 

participants’ attention longer than the textbook-style images.

5.2 Facts Recalled

The data suggests that the participants spent more time on the game-style images. 

We now need to see whether they learned more about the details of the Sketch and 

Learn images than the textbook-style ones. We want to test hypothesis H2, that 

participants will recall more facts and details from the Sketch and Learn images than 

the textbook-style images. As the Study Design section mentions, three images were 

shown to participants after the final questionnaire. One was from the Sketch and 

Learn style, one was from the textbook style, and the last was an image they had not 

seen previously in the study. We used an audio recorder to record the participants’ 

comments on each image which included any details they noticed and any facts they 

recalled.

To assess hypothesis H2, we listened to the audio recordings from each participant 

and noted all the times they mentioned general facts about the image and details they 

remembered from the glyphs. Even if the participants mentioned only part of a fact 

associated to a glyph, we still gave them a point as it shows that they recalled some
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of the information; however, we did not give them more than one point per glyph 

fact. Also, we grouped the participant’s similar comments into one general point. For 

each participant, each of the three images has both a general facts recalled score and 

a glyph facts recalled score, giving us six scores for each participant.

The image that participants did not see in either the Sketch and Learn style or 

the textbook style gives us a baseline of how many details they might comment on 

by observation or chance alone. For this image, details associated were also provided 

by the art history professor and we measured participants’ scores in the same way 

as the other images. Our baseline image had 6 out of the 23 participants recognize 

two important facts; however, all of these participants were art history students and 

they indicated that they had seen this image in one of their classes. Also, 9 of 

the 23 participants noted only one important detail and the details they noted were 

primarily observational such as a champagne bottle on the table. Finally, 8 of the 23 

participants did not mention any of the important information.

In the two images that were seen in the course of the game, we analyzed the 

responses of participants who had viewed the image in textbook style and Sketch and 

Learn style. Table 3 shows the results from a paired t-test between the two styles for 

both images. The count shows that we used the data from all 23 participants. The 

mean of the scores for the Sketch and Learn style was 4.83 while the mean for the 

textbook was 2.74 indicating more facts were recalled from Sketch and Learn. The P- 

value was 0.0001 indicating that the difference is statistically significant and supports 

hypothesis H2. The variance was higher for the Sketch and Learn style because there 

were extreme scores; two individuals recalled 9 facts, while three individuals recalled 

two or fewer facts. Also, there is a relation to the time spent which is discussed after 

the t-tests.
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Table 3: Glyph Facts recalled for both images

Style Mean Variance Count P-value

Sketch and Learn 4.83 4.60 23 0.0001

Textbook 2.74 1.84 23

To help further analyze the facts recalled, Table 4 shows the results from a t-test 

between the two styles for image 1, the Masaccio. The mean was 4.00 for Sketch 

and Learn, which is almost double the mean for the textbook style. Also, since the 

P-value was 0.006, the difference is significant and it means that participants recalled 

more facts from Sketch and Learn, supporting hypothesis H2.

Table 4: Glyph Facts recalled for Image 1

Style Mean Variance Count P-value

Sketch and Learn 4.00 3.11 10 0.006

Textbook 2.23 0.69 13

Table 5 shows the analysis of variance between the two styles for image 2, the 

Calling of Saint Matthew. The mean for Sketch and Learn was higher compared to 

the textbook style and the P-value of 0.001, meaning that the difference between the 

two styles is statistically significant. This image shows a higher variance than image 

1; this can be explained by the high scores of the two individuals we mentioned above.
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Table 5: Glyph Facts recalled for Image 2

Style Mean Variance Count P-value

Sketch and Learn 5.46 5.10 13 0.001

Textbook 3.4 2.7 10

To find out if participants recalled more glyph facts based on the amount of time, 

we show Figure 35, a scatter plot with the amount of time spent on each image 

compared to the number of facts recalled about the details. The red represents the 

textbook-style; the black the game-style; the circles the non-art history participants; 

and the triangles the art history participants.

Time on Page vs Glyph Facts Recalled
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♦ Sketch and Learn Style
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Figure 35: A scatter plot for time and glyph facts
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The least squares line of best fit has a positive slope of 0.53 meaning that for 

about every two minutes spent on the image, participants recalled one fact. This 

shows that the more the time spent on both Sketch and Learn and the textbook 

style, the more facts the participants recalled. There is one main outlier that does 

not follow the main trend, a non-art history participant that spent a lot of time on 

Sketch and Learn and only recalled two facts. This participant indicated that he did 

not understand the material well and had a tough time describing the details. He 

also appears as an outlier in the next figure for the same reasons.

Other than the one outlier, the Sketch and Learn points, both art history and 

non-art history, are further up the slope meaning they spent more time and recalled 

more facts. The textbook style points are lower down the slope and show that the 

participants from that style recalled fewer facts.

When we remove that one outlier from the equation, the Sketch and Learn data 

points form a line of best fit (black line below in Figure 36) with a slope of 0.88 

which is close to a recall rate of one fact for every minute. The line of best fit for the 

textbook data points (red line) has a slope of 0.71, which is less than that of the Sketch 

and Learn slope. This is a good indication that Sketch and Learn is just as effective 

as the textbook style and indeed is better since more time is spent learning; however, 

based on this sample size and the similarity of the slopes, we cannot conclude that 

Sketch and Learn is a more efficient studying tool.
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Time on Page vs Glyph Facts Recalled
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Figure 36: A scatter plot showing lines of best fit without outlier

Another way to analyze this scatter plot is to draw a line between the textbook- 

style score and the Sketch and Learn score for each participant. This view is shown 

in Figure 37 below, where we can visualize the slope for each participants. Notice 

that we added the outlier back in for this analysis.

The slopes for individual participants show some interesting facts. Three of the 

participants have negative slopes, meaning they spent more time on the Sketch and 

Learn image and recalled less facts than on the textbook image. Another participant 

has a slope of zero, meaning he recalled the same amount of significant facts in both 

images even though he spent more time with the Sketch and Learn image. These 

four participants recalled equal or fewer facts in Sketch and Learn style than in the 

textbook style; however, the other 19 participants had positive slopes and recalled 

more facts. The minority results may be due to the differences between the two
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Time on Page vs Glyph Facts Recalled

o

OD

CN

O

6 8 100 2 4

Time on page (minutes)

Figure 37: A scatter plot for time spent and glyph facts recalled. One line is drawn 
for each participant, linking their two scores

images that were tested; one of the images for which a participant had a negative slope 

featured a crucifix and a grave while the other featured merchants and differences of 

clothing. We speculate that some individuals might find some of these features more 

interesting, pay more attention, and therefore, remember more details. We should 

note that more images and test results might provide more conclusive results.

Since participants also noted details that were not part of the content provided to 

them, we can also calculate the time spent compared with all the details mentioned, 

both glyph facts and general details combined. Figure 38 shows the plot and the line 

of best fit, which has a slope of 0.52. The data and slope indicate a similar result: 

that is, the more time the participant spent viewing the image, the more details 

he will mention, showing that he has gained a higher degree of familiarity with the
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image and a heightened awareness of its features. This is important to note since it 

demonstrates that our objective of increased learning has been achieved.

Time on Page vs Total Facts
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Figure 38: A scatter plot for time and all facts spoken

Since we have the same data for the baseline image, we wanted to see if certain 

participants were more talkative than others. To do this, we checked the relationship 

between each of the three images for the number of facts described by each participant. 

We found that there was very little correlation between any of images, although we 

still speculate that some individuals are more talkative than others.

For the two images each participant had seen before the final test, we repeated the 

same analysis as above, drawing one line between the two scores, shown in Figure 39 

below. The figure shows that each participant has a positive slope, describing more 

details in Sketch and Learn.
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Time on Page vs Total Facts Described
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Figure 39: A scatter plot for time spent and all facts described. One line is drawn 
for each participant, linking their two scores

In all figures, there are more art history participants above the slope than non-art 

history participants. This is an expected result because the art history participants 

had some previous knowledge of the subject and will have studied images of this 

nature.

In this section, we examined the study data relevant to facts recalled in order to 

see if it supported our hypothesis H2, that participants will recall more facts and 

details from the Sketch and Learn images than the textbook-style images. The data 

included a comparison of the facts recalled, obtained from the audio recording. We 

also showed scatter plots to help analyze the data and the results supported hypothesis 

H2. In conclusion, our analysis has shown that the longer the participant spends on 

the image the more details he will recall.
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The final questionnaire also contains relevant data about the study. No participant 

had seen all of the images, 23% had seen most of them, 46% had seen one or two, and 

32% had not seen any of the images before . Participants who had seen the images 

were primarily art history students, which was expected. The written response section 

for this question revealed that the participants had seen some of the images in class, 

and some from other sources of media including television and art books. A few 

explained that they had only seen the image of “The Last Supper,” a famous image 

that was only used at the beginning of the study to explain the game.

The next part of the questionnaire featured several questions about the system 

and the game. Participants were asked to respond using a scale from one to five, 

one being strongly disagree and five strongly agree. Because of the small sample 

size the strongly agree and agree scores were combined as were the strongly disagree 

and disagree. We had included some paired questions, in other words, a negatively 

phrased and positively phrased version. For example, I enjoyed playing the game; I 

did not enjoy playing the game. The negative response to the negative phrase and 

the positive response to the positive phrase were combined and averaged. Also, there 

were no discrepancies between any of the scores; participants responded with the 

same viewpoint for both the positive and negative questions.

The questionnaire was recorded anonymously, so we will use it as general feedback 

to talk about our study. Feedback was very positive; 78% of participants found the 

system easy to use and many informally described enjoying the art history study 

experience. Also, 63% preferred learning from the game to learning from a textbook.

Although 91% enjoyed playing the game, only 43% would play on their own time; 

however, 87% would play it to learn material for a class. An interesting study would 

lrThe percentages may not equal 100% due to rounding.
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be to compare the results from students who have to play this game for a class to 

students who play the game just because they are interested in art history and enjoy 

learning through the game. Since 65% of participants from our study would rather 

spend more time playing this game than reading from a textbook, a classroom study 

makes a lot of sense. A study could be run with half the class learning by using only 

the textbook and the other half using Sketch and Learn.

Participants also answered questions about the sketching mechanic in Sketch and 

Learn. Almost all, 91%, said that sketching increased their awareness of certain areas 

of the art and 61% said that they felt better while sketching. The responses indicate 

that using sketching as a learning mechanic is popular among participants in our 

study and should be considered for more spatial-based educational games.

About 74% of participants said they would play a similar game just as much or 

more if it was available in tablet form. Also, 83% said that they would prefer to use 

a touchscreen for the sketching part of the game. Those responses provide a strong 

indication that a tablet version of Sketch and Learn would be of interest.

To summarize responses from the questionnaire, the majority of the participants 

indicated a preference towards learning from Sketch and Learn to learning from the 

textbook style and they would also play the game even more if it were available 

for their phone or tablet. The game opened many of the participants’ eyes towards 

appreciating art, as 85% of them indicated. The sketching mechanic played a big 

part in this since most of them enjoyed the sketching while it was increasing their 

awareness of features in the image.

5.4 Summary

Our analysis shows that the data supports hypothesis HI. Participants spent an 

average of 4.81 minutes on Sketch and Learn images, which was more than three
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times the 1.42 minutes spent on the textbook images. Moreover, participants viewed 

more of the image, including corners and non-obvious features, in Sketch and Learn 

and spent more time on the Sketch and Learn images. In addition, we also showed that 

the participants spent more time on images with higher amounts of glyphs associated 

with them, supporting hypothesis Hla.

Analysis of the audio data shows that hypothesis H2 is also supported. Partici

pants recalled more of the content provided, 4.83 facts per image on average, than 

they had read in the textbook condition (2.74). In addition, the longer a participant 

spent on the image, the more they were able to recall, as evidenced by a positive 

slope of 0.53.

Finally, the majority of participants enjoyed playing the game. They responded 

positively that they would spend more time and preferred learning through Sketch 

and Learn. They enjoyed the sketching part of the game and thought it helped them 

notice more features. This feedback indicates that the Sketch and Learn framework 

successfully incorporated elements of a good video game.

Some limitations of our study became evident as we analyzed the data. It was 

an exploratory study, so the sample size of participants was small and the number of 

images was only 10. Some of the methods chosen to collect the data, the eye tracker 

and the audio analysis, were time-consuming and labour-intensive; different methods 

would need to be used for a larger sample size. Despite these limitations, the data 

was positive enough to warrant future studies of this framework, ideas which will be 

discussed in the next chapter.



Chapter 6

Conclusion

This thesis began looking at the problem faced by art history students in remembering 

historical and artistic significance of details of a large number of works of art. Most 

students are not willing to spend enough time on each image to remember and analyze 

the details and tend to find the process boring. We speculated that interaction with 

images using video game mechanics would be a good way to help students. Our 

thesis was that, by using a combination of effective game mechanics, we could create 

a learning tool that would extend a person’s viewing time on images and would 

improve their ability to remember the significant facts of those images.

Our review of game design showed that an effective educational game should inte

grate learning into the gameplay, motivate the players throughout the game and focus 

their attention on the learning aspects. As well, a truly engaging game should have 

a flow that keeps players challenged without frustrating them by being too difficult, 

and a way to reward them as they complete parts of the game. Game mechanics 

of particular interest to this thesis were prospecting and sketching. Moreover, the 

concepts of visual attention and memory were key to determining the best way to 

make sure that the players noticed the significant details and that they remembered 

them.

86
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Taking into account the applicable concepts, we designed Sketch and Learn, a 

framework to create educational art history games. This framework applies prospect

ing and sketching mechanics to allow the player to interact with our glyph elements. 

The prospecting mechanic forces players to look at all aspects of the image to search 

for glyphs that are hidden in it. Once players find these glyphs, they can sketch them 

to reveal significant features and facts about the image, thereby helping them focus 

on this information and remember it. We also designed the star elements under the 

image so that the player can review the completed glyphs and have a clear goal as to 

how many are left to find and sketch.

In order to test how well our framework met our goal, we developed a game that 

would allow us to collect data. The game involved Sketch and Learn images inter

spersed with images that did not employ the game mechanics, but were in textbook- 

style. The two key areas for which we collected data were time spent on images and 

facts recalled from the content. The 25 participants were divided into two groups 

which viewed opposite images in the Sketch and Learn style and textbook style.

The analysis of the results support our thesis that the game mechanics imple

mented in Sketch and Learn enable players to spend three times as much time view

ing the images than the traditional textbook style. Our results also show that the 

participants recalled 75% more of the significant facts about the Sketch and Learn 

images and pointed out more general details. In general, most of the participants 

found Sketch and Learn easy to use and enjoyed learning with it.

6.1 Future Work

The Sketch and Learn framework has proven to be effective as a educational learning 

tool. Although the sample size was relatively small, the results are sufficient to merit 

future study. For instance, a study with a larger selection of images using a much
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larger sample size would allow the researcher to explore various aspects more fully, 

such as the optimal number of glyphs per image. An ideal study would involve every 

student in a high school or university class. Half of them would use the game as their 

primary method of studying the images and the other half would use a textbook, then 

their performance could be measured by comparing elements such as test scores and 

time spent on the images.

For a long-term study the game should be enhanced by adding game mechanics 

such as achievement systems to help motivate players (trophies, leaderboards or other 

social mechanics). One approach to incorporate achievements and increase learning 

would be to group like images together. Starting with the most easy concepts, the 

game would progress to the harder ones; for instance, in art history, you could start 

with glyphs related to objects and progress to glyphs related to artistic design and 

concepts. Another enhancement could be tweaking our interface for use on various 

types of screens, including touch screens, both small and large, would allow students 

to study in more places. The players in the study showed a strong interest in adapting 

Sketch and Learn to a mobile interface such as a tablet.

Art history is not the only subject where students must view and understand 

images, therefore the game mechanics and concepts used in Sketch and Learn can 

be applied to any subject that uses images to help learn visual concepts or facts. A 

perfect example of this is biology, where many images are used to explain and show 

the different organisms and structures. Other examples include anatomy, geography, 

and any subject where identification is used with both descriptions and images.

In conclusion, the Sketch and Learn framework is a valuable tool for studying 

images to help students of any language, learn and remember any type of visual 

information. There is a considerable potential for the framework. We wonder as well 

whether a similar type of framework could be used for audio information and, in the 

not-too-distant future, tactile.



Appendix A

Art H istory Images U sed in Study

The following 11 images appear in the study. The images were chosen and provided 

by Christina Martinez PhD, an instructor of art history at Carleton University.

Figure 40: Holy Trinity (Masaccio)
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Figure 41: The Calling of St Matthew (Caravaggio)

Figure 42: School of Athens (Raphael)



Figure 43: The Arnolfini Portrait (van Eyck)

\  ''

Figure 44: The Ambassadors (Holbein)



Figure 45: St. Sebastian (Mantegna)



Figure 46: Mr. and Mrs. Andrews (Gainsborough)

Figure 47: The Art of Painting (Vermeer)



Figure 48: The Arcadian Shepherds (Poussin

Figure 49: The Oath of the Horatii (David)
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Figure 50: A Bar at the Folies-Bergere (Manet)



Appendix B

Q uest ionnair es

Figure 51: Background Questionnaire

B a c k g r o u n d  I n f o r m a t i o n

Here is where I wtl explain about the stw ey  and study 

* 1 . In what year v a n  you bom?

*2. Gander
Male

Female

*  3. How many hour* par week do you play video garnet
o
1-3 

4 7 

7+

*  4. Why do you play video garnet? (Pick aR that apply to you)
|" To leam a rd  gain intellect 

j Entertainment 

| To pass the time 

j To gel away from reel life

j I don't play video games

j Other (please specify)

* 5 . Ait History
No Knowledge Took a couple c la sse s  Expert

P revious Knowledge

Done
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Figure 52: Post-Game Questionnaire

Study Q uestionna ire

I hope you enjoyed playing the game. Now please complete the final survey.

1. Have you seen any of these pieces of art before?
I haven't seen any  before 

, Tve seen ore 

. t o  seer a couple 

, Tve seer most of them 

’ IVe seen all of them 

Explain (rf you can) here

*2. Please dick the most appropriate answer.
Neither agree norStrongly disagree Disagree ^

I found the system easy to 
use

I enjoyed playing the game 
portion of the study 

I spent more time on the 
game than on the regular 
pictures with text 

I spent more time reading 
and juat observing the 
pictures than playing the 
game

I would play this game on 
my own time 

I would play this game to 
learn class material 

I prefer learning from a 
textbook to learning through

Agree

I prefer learning through a 
game to learning from a 
textbook



I would spend more time 
playing this game than 
reading from a  textbook 

I learned just as much or 
more from playing the game 

I <fid not enjoy playing this 
game

I would play this just as 
much or more if it were 
available on a smart phone 
or tablet

I would prefer to use a 
touchscreen and my finger 
for the sketching part of the 
game

The sketching increased my 
awareness of certain areas 
of the ait

Simply reading the text 
below the Art was not as 
enjoyable as  unlocking the 
information through 
sketching

Reading the blocks erftext 
and associating them to a 
spot on the art. helped me 
understand art better 

I felt better while sketching 
the art

I felt better just observing 
the art without sketching 

Playing the game helped me 
appreciate the art 

Playing the game made me 
dislike the art
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