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ABSTRACT
In today‟s hectic environment, people are facing with risks in a plethora of ways.
Researchers and practitioners of risk communication are always looking for effective ways to
supply laypeople with the information they need to make informed and independent judgments
about different types of risks. Meanwhile, the concept of serious games has gained great
popularity in the past decade due to the great success of the digital game market. The work
reported here explores if serious games can be used as a new way of conducting risk
communication. We have created a serious game titled LinkIT. The design and first experiment
experiences of LinkIT are described in detail. The preliminary evaluation suggested that LinkIT
did improve players‟ knowledge in a specific context of risk management. Survey results revealed
that participants preferred learning from LinkIT to learning from a paper-based material. We have
also discovered factors that are correlated with the learning outcome and game experiences,
which will also be discussed at length.
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Chapter 1

Introduction
People like to be entertained and we have created countless games in our history. In the
past decade, with the rapid development of information technologies, digital games have gained
great popularity and have become dominant in the game market. In 2008, domestic sales of
computer and video games reached $11.7 billion compared to the $10 billion of the domestic
motion picture box office sales (Motion Picture Association of America, 2010). According to an
annual survey conducted by the Entertainment Software Association, 67% of American
households play games and the average time spent on playing digital games by game players is 18
hours per week (Entertainment Software Association, 2010).
Due to the great success of digital games, people in the industry and academia have tried
to create digital games for different purposes in addition to providing entertaining experience.
Digital games for education and training has been the major focus of these efforts in the past
decade.
At the same time, the area of risk communication is still trying to find new ways to
supply laypeople with the information they need to make informed and independent judgments
about different kinds of risks. There is no single obvious and simple approach to successfully
communicate technical information about risks to the public. Currently, risk communication still
heavily relies on traditional paper-based materials such as brochures and posters.
In this work, we developed a serious game titled LinkIT and explored if we can use it as a
new way of conducting risk communication. We are particularly interested in the following
research questions:
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RQ1. Does LinkIT improve players’ knowledge?
RQ2. Is LinkIT more effective than directed self-learning?
RQ3. How do demographic factors, performance in the game, feelings of the game
correlate with learning outcomes?
RQ4. Is LinkIT more fun than directed self-learning?
RQ5. How do demographic factors and performance in the game correlate with feelings
of the game?
The paper flows as follows: Chapter 2 reviews concepts and literature that are related to
this thesis. Chapter 3 introduces the purpose, basic mechanisms, and technical details of the
LinkIT game. Chapter 4 introduces our design of the experiment including experiment procedure
and data collection methods. Experiment results will be presented in Chapter 5. Chapter 6
concludes this paper with its findings and implications.

3

Chapter 2

Related Works
This chapter presents related works of this thesis. We first introduce the basic concepts of
risk communication, games, serious games, and educational games. Then we briefly review
current literature in game design and educational game design.

2.1.

Related Concepts

2.1.1. Risk Communication: the Mental Models Approach
Nowadays, people are faced with different types of risks in their daily life. These risks
can be categorized into 6 classes as listed in Table 1 (Xie, Wang, & Xu, 2003). In some cases,
people can have direct personal control over the risks they face (e.g., changing driving habit). In
other cases, we can only exert indirect control through influencing social processes (e.g., the
allocation of law enforcement funds) (Morgan, Fischhoff, Bostrom, & Atman, 2001). In all cases,
we need to obtain correct and enough information to make right decisions. However, considering
the huge number of potential risks, information should be selected and presented by experts in a
way that maximizes the efficiency of understanding by laypeople. This problem falls into the
research area called risk communication.
As defined in the key work of Morgan, Fischhoff, Bostrom, & Atman (2001), risk
communication is “intended to supply laypeople with the information they need to make
informed, independent judgments about risks to health, safety, and the environment.”
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Effective risk communication should only communicate essential information while not omitting
any critical information. To address this need, Morgan, Fischhoff, Bostrom, & Atman (2001)
established the “mental models” approach of risk communication. The whole process is
summarized in Table 2. It begins with the construction of an expert mental model followed by
interviews and surveys to elicit mental models from laypeople. When the gaps between the expert
mental model and laypeople mental models are discovered, communication materials will be
drafted and evaluated to correct laypeople‟s misconceptions and gaps in knowledge.
Table 1 Categories of risk (Xie, Wang, & Xu, 2003)
Social problems
Personal life
Natural disaster
Technological /industrial
Hobby or sport
Economic

Table 2: The mental model approach of risk communication
Steps

Description

1. Create an expert model

Create influence diagrams that summarize the
relevant expert knowledge.

2. Conduct mental models interviews

Design and conduct mental models interviews to
learn what la people already know.

3. Confirmatory questionnaire

Design and distribute confirmatory questionnaires
to estimate the frequency of concepts in the target
population.

4. Develop and evaluate communications

Design, develop, and evaluate communication
means to correct laypeople‟s misconceptions and
gaps in knowledge.

Currently, conventional communication materials are mostly used such as brochures and
posters. Several example brochures can be found in the appendixes of Morgan, Fischhoff,
Bostrom, & Atman (2001). However, reading these traditional paper-based materials are not
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particularly easy or interesting for everyone. For example, laypeople may not have the motivation
or patience to read through a brochure about indoor air pollution caused by Radon.
In this thesis, we are going to try a new way of conducting risk communication.
Particularly, we will focus on Step 4 of the mental models approach. Instead of letting people
read materials on paper, we want to communicate the same information by letting them play a
serious game.

2.1.2. Games
In the history of mankind, we have created countless games including board games, card
games, digital games, and so forth. It is not easy to come up with a definition that can describe all
games we have invented. As pointed out in the Oxford History of Board Games (Parlett, 1999):
“The word [game] is used for so many different activities that it is not worth insisting on any
proposed definition”. Table 3 (Cao, 2010) summarizes 9 definitions of games in former literature.
The table should not be considered definitive or complete. However, it is obvious that these
definitions by different people share a few common attributes such as rules, choices, play, and
system for tracking progress and success (Clark, Nelson, Sengupta, & A'Angelo, 2009).
Due to the proliferation of technology, digital games have gained great popularity in the
past decade and have been dominating the game market. In this paper, we will mainly focus on
digital games. A digital game is a game whose physical medium is based on digital technology
such as computers, game consoles, and mobile devices. Compared to non-digital games, digital
games incorporate the following traits more robustly (Salen & Zimmerman, 2003):


Immediate but narrow interactivity



Manipulation of information



Automated complex systems
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Networked communication
Table 3: Definition of games (Cao, 2010)

Source

Definition

Huizinga (1950)

A free activity, outside ordinary life,
with no profit. It has rules and a defined
way of progressing.

Voluntary participation,
non-production, rules,
procedure.

Caillois (1961)

A free activity, having rules,
unproductive, having a make-believe
element.

Voluntary participation,
rules, non-production.

An exercise of voluntary control
systems with an opposition between
forces, confined by procedures and rules
that produce a disequilibria outcome.

Voluntary participation,
rules, procedure,
uncertainty.

A game “has four factors (1) a closed
formal system that subjectively
represents a subset of reality, (2)
interaction, (3) conflict, and (4) safety.
The result of a game are always less
harsh than the reality the game
emulates”.

System, representation,
interaction, safety,
separation from reality.

Lindley (2003)

A game is “conducted with a framework
of agreed rules”

Rules

Juul (2005)

A game is “a rule-based system with
variable and quantifiable outcome,
where different outcomes are assigned
different values, the player exerts effort
in order to influence the outcome, the
player feels emotionally attached to the
outcome, and the consequences of the
activity are negotiable”.

Rules, system,
uncertainty play,
procedure

Sauve et al., (2005)

A game is “a goal-directed and
competitive activity that involves some
form of conflict”.

Goals, competition,
conflict

Zyda (2005)

A game is “a physical or mental contest,
played according to specific rules, with
the goal of amusing or rewarding the
participant”.

Competition, rules,
amusement

Hays (2005)

A game is “an artificially constructed,
competitive activity with a specific
context”.

Competition, goal, rules,
constraints, context

Avedon and SuttonSmith (1981)

Crawford (1981)

Game Attribute
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2.1.3. Serious Games
The concept of serious games is not invented in the digital game era. Actually, it was first
formally discussed in the 1970 book by Clark C. Abt who believed that “a game is a particular
way of looking at something, anything” and defined serious games as games with explicit and
carefully designed educational purposes and are not intended to be played primarily for
amusement (Abt, 1970). Recently, the definition of “serious games” has been updated by
different authors. Table 4 summarizes six different definitions. In general, serious games are
created for specific purposes in addition to just providing entertainment.
Before the emergence of digital games, people have already created a lot of excellent
table-based serious games such as PROBADDILITY1. With the proliferation of computers, game
consoles, mobile devices, and other electronic devices, more attention has been focused on
serious digital games especially after the establishment of the Serious Game Initiative in 2002.
Many games have been created like CyberCIEGE2 and Food Force3. Ben Sawyer and Peter Smith
have attempted to propose the taxonomy of serious games (See Figure 1) at the Serious Games
Summit (Sawyer, 2010).
A related concept of serious games is called Games with a Purpose (GWAP), which was
originally proposed and explored by von Ahn (2005). In his experiments of several games
including the ESP game, Verbosity and Peekabom, he discovered that the human desire to be
entertained can be leveraged to perform tedious computational tasks that we could not otherwise
pay people to do directly, such as tagging objects in millions of images, annotating music clips,
and contributing common sense knowledge. Von Ahn originally used the term “human algorithm

1

A card game dealing with probability and simple addition

2

A game designed to teach network security concepts

3

A game designed to teach young people about hunger crisis
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games” in that each game can be considered as an algorithm where the inputs are raw data (e.g.,
images, videos) and the outputs are human provided metadata.
Table 4: Definition of serious games (Cao, 2010)
Source

Definition

Abt (1970)

Serious games are “games having an explicit and carefully thought-out
educational purpose and are not intended to be played primarily for
amusement”.

Zyda (2005)

A serious game is a “mental contest, played with a computer in accordance
with specific rules that uses entertainment to further government or
corporate training, education, health, public policy, and strategic
communication objectives”.

Corti (2006)

Serious games are “all about leveraging the power of computer games to
captivate and engage end-users for a specific purpose, such as to develop
new knowledge and skills”.

Michael and
Chen (2006)

Serious games are “games that do not have entertainment, enjoyment, or
fun as their primary purpose”.

Susi et al (2007)

Serious games are “the application of gaming technology, process, and
design to the solution of problems faced by business and other
organizations. Serious games promote the transfer and cross fertilization of
game development knowledge and techniques in traditionally non-game
markets such as training, product design, sales, marketing, etc”.

Gretizer et al
(2007)

A serious game “uses pedagogy to infuse instruction into the game play
experience, thus provides a delivery system for organizational video game
instruction and training”.
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Figure 1: Taxonomy of serious games

2.1.4. Educational Games
Over the past decades, instructional technology has been on the rise in industry and
educational institutions, especially computer based environments (Rieber, 1996). E-learning is the
phrase that is often used to refer to this type of technology-based learning. However, e-learning
has received a lot of criticisms because of a number of limitations such as lack of motivation and
no direct contact with a teacher (Moreno-Ger, Burgos, & Martinez-Ortiz, 2008). One typical
problem of e-learning is high dropout rates due to frustration and the lack of motivation to
continue studying (Parker, 2003). As reviewed by Moreno-Ger, Burgos, & Martinez-Ortiz (2008),
a number of approaches have been attempted to address the issues identified in e-learning
including the use of multimedia environments (Schank, 1993), hypermedia technology (Clinton,
2004), and establishing social environment such as “learning networks” (Hummel & Burgos,
2005). In addition to these approaches, the use of computer and video games is another approach
to increase learners‟ motivation and improve the learning experience (Bets, 1996; Jayakanthan,
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2002; Jenkins & Klopfer, 2003; Prensky, 2001; Squire, 2003). Educational games based on
computer technologies is the resulting concept of these discussions.
Educational games are serious games that are designed for educational purposes. They
belong to one of the seven categories of serious games and are the most popular category of
serious games at the moment. Over the past decades, people have created many games aiming at
achieving certain educational purposes. As summarized by Amory (2003), many researchers and
practitioners have advocated the great potential of using games in education. Rieber (1996)
pointed out that play, and play associated with game, is an important aspect of learning. Games
can affect cognitive functions and maintain high motivation (Rieber, 1996); stimulate curiosity
(Thomas & Macredie, 1994) by including challenges and elements of fantasy (Malone, 1980;
Malone, 1981a; Malone, 1981b) and novelty and complexity (Carroll, 1982; Malone, 1984;
Malone & Lepper, 1987; Rivers, 1990); and can promote goal formation and competition (Neal,
1990). Skills required to play games include motor skills, logic, memory visualization and
problem solving (Quinn, 1994) that are fundamental to learning (Schank & Cleary, 1995).
Learners appear to be intrinsically motivated (Malone & Lepper, 1987), metacognitive active,
behaviorally active and self-evaluating while playing games (Rieber, 1996). Prensky (2005) even
pointed out that digital game-based learning is the future need. The major reason is because new
generations, so called “digital natives”, are different from their former generations, so called
“digital immigrants”.
However, most of these discussions still focus on how games stimulate motivations and
arouse learners‟ interests. Empirical evidence of the effectiveness of using games in education is
still very limited from current literature. O' Neil, Wainess, & Baker (2005) have conducted a
search for studies under this topic. Among the several thousand articles about games, they only
found 19 papers that had been published in peer-reviewed journals and provided empirical
evidence.
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2.2.

Game Design

This section reviews current literature about game design. Despite the popularity of
games, we still lack scientific studies of game design. In current literature, there are many
anecdotes about how games should be designed rather than why we should do this. Zyda (2007)
explicitly pointed out the need of creating a science of games.

2.2.1. Game Design Process
Several studies have discussed the basic process of game design in details, which are very
helpful for new game designers. For example, Duke (1980) has proposed a paradigm for game
design including the 9 steps listed below:
1.

Develop written specifications for game design;

2.

Develop comprehensive schematic representation of the problem;

3.

Select components of the problem to be gamed;

4.

Plan the game with the systems components / Gaming Elements Matrix;

5.

Describe the content of each cell in writing;

6.

Search my “repertoire of games” for ideas to represent each cell;

7.

Build the game;

8.

Evaluate the game (against the criteria of 1);

9.

Test the game in the field, and modify.

Generally speaking, these 9 steps can be categorized into the three phases proposed by
Fullerton, Swain, & Hoffman (2004): conceptualization, prototyping, and playtesting.
Conceptualization is the process of coming up with game ideas. In this process, game
designers need to develop written specifications for game design and develop a comprehensive
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schematic representation of the problem through different ways such as brainstorming, literature
review, and expert interviewing.
Prototyping is the process in which game designers create a working model of the game
and test its feasibility. Improvements will be made according to the results of the test. Prototyping
can be conducted through physical prototyping, visual prototyping, video prototyping, and
software prototyping (Fullerton, Swain, & Hoffman, 2004). This process can help designers to
formalize and visualize ideas before the implementation of the final products.
Playtesting investigates different aspects of a game project. The design team discusses
game features and proposes modifications in the internal design review. A quality assurance test
evaluates and identifies defects in the game. In addition, we can have a sample group of players
play the game and collect their feedbacks in a focus group test. A usability test analyzes how
players interact with the game interface and identifies problems during the interaction.

2.2.2. Primary Schemas of Game Design
According to Salen & Zimmerman (2003), there are three primary schemas in the
conceptual framework of games: RULES, PLAY, and CULTURE (See Figure 2).

Figure 2 Three primary schemas of game design (Salen & Zimmerman, 2003)
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RULES focus on the formal, intrinsic structure of a game. They form the organization of
a game. There are six basic characteristics of rules (Salen & Zimmerman, 2003):
1. Rules limit player action
2. Rules are explicit and unambiguous
3. Rules are shared by all players
4. Rules are fixed
5. Rules are binding
6. Rules are repeatable
Trefy (2010) has proposed a guideline for writing game rules (See Table 5). These
suggestions are very easy to understand and we are not going to elaborate each of them. In
addition to that, we did not find much literature in the RULE schema.
Table 5 Guideline for writing game rules
Be concise and exact
Be firm
Be positive
Write instructions
Avoid too many special cases
State the game‟s goal upfront
Tell the rules like a story
Give examples
Organize play into phases
The PLAY schema focuses on player‟s experience in a game. It includes players‟
interactions with the game and other players. The major body of current game literature is
centered on this schema. This includes but is not limited to theories of how players learn to play
the game (Siang & Rao, 2003); theories of fun (Csikszentmihalyi, 1997; Cowley, Charles, Black,
& Hickey, 2008); game design models that take player‟s needs and preferences into consideration
(Rankin, McNeal, Shute, & Gooch, 2008; Moreno-Ger, Burgos, & Torrente, 2009; Charles, et al.,
2005; Cowley, Charles, Black, & Hickey, 2006); game usability and playability testing (Federoff,
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2002; Pinelle, Wong, & Stach, 2008) and so forth. We will come back to some of these topics in
following sections.
Compared to RULES and PLAY, which focus on the intrinsic quality of games, the
CULTURE schema focuses on the relationship between games and the larger context in which
they are played (Salen & Zimmerman, 2003). Games provide a context to reflect cultural values
of a society. At the same time, games also provide a venue to pass on cultural values and
ideologies that are embodied in them. Therefore, games are social contexts for cultural learning
(Salen & Zimmerman, 2003). Currently there is not much literature under the CULTURE schema.
Gender images is currently the most discussed topic (Kirriemuir & McFarlane, 2004).

2.2.3. Theory of Fun
Compared to productivity software, user satisfaction (i.e., fun) is the most important
element of a digital game while effectiveness and efficiency are secondary considerations
(Federoff, 2002). So, what is fun? Many papers have tried to answer this question from different
angles.
Mihaly Csikszentmihalyi (1997) first proposed the flow theory, which adheres to the
findings of many former studies about fun. Flow is the optimal experience and the mental state in
which a person is fully immersed in a feeling of energized focus, full involvement, and success in
the process of an activity. Csikszentmihalyi also pointed out that this experience is the same
across different people, regardless of their age, social class, or gender.
Adopting the flow theory, researchers mapped the eight flow elements to game play
elements (Cowley, Charles, Black, & Hickey, 2008) (See Table 6). This offers game designers
guidance when designing fun games. For example, a fun game should make players feel
immersed in the game. In order to achieve the flow state, the challenge level of a task should
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match a people‟s skill level. As shown in Figure 3. A game that is too challenging will cause
anxiety and a game that is too easy will bring boredom.
Table 6: Flow elements and game play elements (Cowley, Charles, Black, & Hickey, 2008)
Flow Element

Game Play Element

A challenging but tractable task to complete

The complete gaming experience (including
social interaction during game play)

Full immersion in the task, no other intruding
concerns

High motivation to play, no imperative to do
otherwise, empathetic to content.

Feeling of full control

Familiarity/skills with controller, game
conventions, and game play mechanics

Ability to concentrate on the task

Telepresence and an environment dedicated to
gaming

Clear unambiguous goals for the task

Missions, plot lines, levels, and any explicit
outcome of a successful play session

Immediate feedback on actions

Well-timed, suitable rewards and penalties,
contingencies

Being less conscious of the passage of time

Focusing on another, temporally independent
environment

Sense of identity lessons, but is reinforced
afterward

Embodiment in game avatar, sense of
achievement after play

Figure 3 The player’s state as a function of the relationship between skills and challenges
(Csikszentmihalyi, 1997)
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2.2.4. Game Evaluation
A number of methods have been used by game designers to evaluate the quality of games,
ranging from quantitative to qualitative, objective to subjective. As reviewed by Davis, Stury, &
Pagulayan, (2005), these include focus group, retrospective surveys, beta testing, usability testing,
and physiological measurement.
Focus group is a qualitative research tool and is often used in the early stage of the game
design process. It usually recruits a number of members from a particular group (e.g., potential
players) and participants will discuss the concepts of a game with game designers such as game
mechanics, game features, and storyline. Focus group is helpful to test and generate game ideas.
However, since the discussion is based on abstract ideas and concepts, it is very hard to gather
specific and actionable data. In addition, the discussion might be dominated by 1 or 2 group
members.
Subjective reporting through questionnaires and interviews is generalizable, convenient,
amenable to rapid statistics and easy to administer. It is frequently used to gather players‟
perceptions of a game and provides game designers with more detailed data and better
understanding of players‟ thoughts. For example, Mandryk & Atkins (2006) have created a
questionnaire measuring players experience during game play. They identified 7 emotional
elements in game play as listed in Table 7. However, surveys are not easy to conduct well. Some
drawbacks of questionnaires and surveys are that they are not conducive to finding complex
patterns, can invade privacy, and subject responses may not correspond to actually experience
(Marshall & Rossman, 1999).
Beta testing is conducted when an early version of a game is available. It is similar to
software beta test and is more focused on identifying technical defects than user experience.
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Table 7 Seven emotional elements in game play
Boredom
Challenge
Ease
Engagement
Excitement
Frustration
Fun

Usability testing is very useful in gathering in-depth and actionable feedback from
consumers about a game‟s design. It focuses on players‟ behaviors in a game and can be used to
(1) ensure if new users can quickly and effectively learn and start playing a game; (2) identify
problems and their causes during actual gameplay; (3) discover whether the gameplay experience
matches the “intended” experience (Davis, Stury, & Pagulayan, 2005).
Game heuristics testing is another way to evaluate game usability. By reviewing former
literature and observing the game development process, Federoff (2002) compiled 31 game
heuristics (See Table 8). These heuristics are divided into three categories: game interface, game
mechanics, and game play.
The above methods are either qualitative or quantitative but subjective. Mandryk &
Atkins (2007) have proposed a quantitative and objective method by monitoring players‟
physiological signals and transform them into emotional states related to game play. Results have
shown great potential of this approach. However, this method is costly and might cause
discomfort.

18
Table 8: Game heuristics (Federoff, 2002)
Game Elements

Definition

Game Interface

Controls should be customizable and default to industry standard
settings.

Game Interface

Controls should be intuitive and mapped in a natural way.

Game Interface

Minimize control options.

Game Interface

The interface should be as non-intrusive as possible.

Game Interface

For PC games, consider hiding the main computer interface during
game play.

Game Interface

A player should always be able to identify their score/status in the
game.

Game Interface

Follow the trends set by the gaming community to shorten the
learning curve.

Game Interface

Interfaces should be consistent in control, color, typography, and
dialog design.

Game Interface

Minimize the menu layers of an interface.

Game Interface

Use sound to provide meaningful feedback.

Game Interface

Do not expect the user to read a manual.

Game Interface

Provide means for error prevention and recovery through the use of
warning message.

Game Interface and Play

Art should speak to its function.

Game Mechanics

Mechanics should feel natural and have correct weight and
momentum.

Game Mechanics

Feedback should be given immediately to display user control.

Game Mechanics and
Play

Get the player involved quickly and easily.

Game Play

There should be a clear overriding goal of the game presented early.

Game Play

There should be variable difficulty level.

Game Play

There should be multiple goals on each level.

Game Play

“A good game should be easy to learn and hard to master” (Nolan
Bushnell).

Game Play

The game should have an unexpected outcome.

Game Play

Artificial intelligence should be reasonable yet unpredictable.

Game Play

Game play should be balanced so that there is no definite way to
win.
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Game Play

Play should be fair.

Game Play

The game should give hints, but not too many.

Game Play

Pace the game to apply pressure to but not frustrate the player.

Game Play

Provide an interesting and absorbing tutorial.

Game Play

Allow players to build content.

Game Play

Make the game replayable

Game Play

Create a great storyline.

Game Play

There must not be any single optimal winning strategy.

Game Play

Should use visual and audio effects to arouse interest.

Game Play

Include a lot of interactive props for the player to interact with.

Game Play

Teach skills early that you expect the players to use later.

Game Play

Design for multiple paths through the game.

Game Play

One reward of playing should be the acquisition of skill.

Game Play

Build as though the world is going on whether your character is
there or not.

Game Play

If the game cannot be modeless, it should feel modeless to the
player

2.3.

Educational Game Design

This section focuses on current literature of educational digital game design. The design
of educational games embraces both educational and fun elements (Gunter, Kenny, & Vick,
2006). As pointed out by Prensky (2001), effective educational game design should achieve a
balance between fun and educational value.

2.3.1. Design Approach
As reviewed by Moreno-Ger, Burgos, & Torrente (2009), there are three design
approaches of educational digital games in general. The first approach tries to translate the
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official educational content into game-like environments. This is often labeled as “edutainment”.
Edutainment has received many criticisms because it focuses too much on the educational
extreme of the spectrum. As pointed out by Koster (2004), “when entertainment aspects fail to
shine in the design, most of the advantages of game-based learning in terms of motivation and
engagement are lost and the learning experience suffers”.
The second approach of educational game design is to utilize existing games for
educational purposes. This is very cost-effective since people do not need to develop a game from
scratch. Successful examples include the use of SimCity (Kolson, 1996) and Civilization (Squire
& Barab, 2004). However, the downside of this approach is that commercial games are originally
designed for entertainment. Pedagogical and educational factors have not been considered. This
will greatly affect the educational potentials. Compared to the first approach, this approach is too
close to the entertainment extreme of the spectrum.
The third approach puts effort on designing new games to incorporate both educational
and entertainment focuses. As argued by Prensky (2001), the key to success is to reach a balance
between fun and learning in a gameplay design model. However, it is not easy to reach this
balance since both fun and learning are not precisely measurable elements. Also, this approach
might include high development costs because creating games that rival commercial games are
very expensive.
In this thesis, we adopt the third approach.
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2.3.2. Educational Theories

2.3.2.1. Bloom’s Taxonomy
Bloom‟s taxonomy is one of the most famous models in the design and assessment of
learning objectives. It was originally publish in Bloom (1956) and has been extended for many
times later. The model consists of 3 interrelated domains (Gunter, Kenny, & Vick, 2006):
Cognitive, affective, and psychomotor. This is summarized in Table 9. Each column in the table
is listed progressively and ordered according to the degree of difficult of each. Achieving higher
levels requires possessing the knowledge and skills in the lower levels.
Table 9: Bloom‟s Taxonomy (Gunter, Kenny, & Vick, 2006)
Cognitive

Affective

Psychomotor

Knowledge

Attitude

Skills

1. Recall data

1. Receive (awareness)

1. Imitation (Copy)

2. Understand

2. Respond

2. Manipulation (follow
instruction)

3. Apply (use)

3. Value (understand and act)

3. Develop

4. Analyze

4. Organize personal value
system

4. Articulation (combine,
integrate related skills)

5. Synthesis (create / build)

5. Internalize value system
(adopt behavior)

5. Naturalization (automate,
become expert)

6. Evaluate (assess, judge in
relational terms)

2.3.2.2. Strands for Sciences Learning
Clearly defined learning goals enhance science learning and avoid unnecessary
complexity that may distract learners (Linn et al 2010). National Research Council (2009) has
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proposed a “strands of science learning” framework that includes six interrelated aspects as listed
below:
Strand 1: Experience excitement, interest, and motivation to learn about phenomena in
the natural and physical world.
Strand 2: Come to generate, understand, remember, and use concepts, explanations,
arguments, models and facts related to science.
Strand 3: Manipulate, test, explore, predict, question, observe, and make sense of the
natural and physical world.
Strand 4: Reflect on science as a way of knowing; on processes, concepts, and institutions
of science; and on their own process of learning about phenomena.
Strand 5: Participate in scientific activities and learning practices with others, using
scientific language and tools.
Strand 6: Think about themselves as science learners and develop an identity as someone
who knows about, uses, and sometimes contributes to science.
These aspects are originally proposed for learning science in informal environment. In
this thesis, we are going to design a serious game to inform laypeople of underlying scientific
facts of different types of risks. This framework is exactly related to our situation.

2.3.2.3. Cognitive Principles for Effective Learning
In addition to clear learning objectives, the design of effective educational games should
also consider implications from cognitive science. Greitzer, Kuchar, & Huston (2007) has
summarized five principles for effective learning from former literature in cognitive sicnece. We
think these are very important to be considered in educational game design and quote their
summary as follows:
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Simulate semantic knowledge. Relate material to the learner‟s experiences and
existing semantic knowledge structures to faciliate learning and recall of the
information.



Manage the learner’s cognitive load. Organize material into small chuncks, and
build up gradually from simple to complex concepts.



Immerse the learner in problem-centered activities. Provide opportunities for
learners to work immediately on mearningful, realistic tasks.



Emphasize interactive experience. Develop problem-centered activities that require
manipulation of objects to encourage active construction/processing of traning
material to help build lasting memories and deepen understanding.



Engage the learner. Devise learning scenarios that maintain the performance of
learners in a “narrow zone” between too easy and too difficult.

2.3.3. Design Features that Influence Learning Outcomes
Design features of a game may also influence the final learning outcome. Although there
is much literature about learning and games, very little literature has studied how game features
influence learning outcomes. Wilson, et al., (2009) reviewed former literature and studied 8 game
attributes and their influence on learning outcome (See Table 10).
As mentioned before, we can see many gaps and weakness in current research on
educational games. Identified linkages between game attributes and learning outcomes are still in
a very shallow level. In addition, we do not see many studies that use control groups.
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Table 10 Relationship between game attributes and learning outcomes
Attributes

Fantasy

Representation

Sensory
Stimuli

Challenge

Mystery

Assessment

Control

Description
“Make-believe environment, scenarios or characters. It
involves the user in mental imagery and imagination
for unusual locations, social situations, and analogies
for real-world processes. The user is also required to
take on various roles in which they are expected to
identify. Exogenous fantasy is a direct overlay on
learning content. It is dependent upon the skill, but the
skill does not depend on the fantasy. Endogenous
fantasy is related to learning content. It is an essential
relationship between the learned skill and the fantasy
context (engaging and educational).”
The player‟s perceptions of the game‟s reality. It is a
subjective feature that makes the game appear
psychologically real.
Visual or auditory stimulations, which distort
perception and imply temporary acceptance of an
alternate reality.
Ideal amount of difficulty and improbability of
obtaining goals. A challenging game possesses
multiple clearly specified goals, progressive difficulty,
and informational ambiguity. Challenge also adds fun
and competition by creating barriers between current
state and goal state.
Gap between existing information and unknown
information. It is a product of discrepancies
complexity, novelty, surprised and expectation
violation, idea incompatibility, and inability to make
predictions, incomplete or inconsistent information.
Sensory curiosity is the interest evoked by novel
scenarios, and cognitive curiosity is the desire for
knowledge related with curiosity (inverse quadratic).
The measurement of achievement within game (e.g.,
scoring). Tutorials teach users how to play game and
what aspects are important to achieving the goals.
Scoring compares performance among players.
Feedback provides a tool for users to learn from
previous actions and adjust accordingly.
The player‟s capacity for power or influence over
elements of the game. Learner control occurs when the
learner has control over some aspects of the game.
Instructional program control determines all elements
of the game.

Influence

Users become more
interested and are able
to learn material more
readily.

Helps
users
to
experience the same
cognitive processes to
complete a task as in
the real world.
Enhance fantasy and
can
effectively
provide feedback of
performance.
Correlated
with
intrinsic
motivation
and
“effectance”
motivation.

Arouses curiosity and
motivate players to fill
in the gaps and locate
discrepancies
in
information.

Improve
players‟
performance
and
enhance learning.
Encourage players to
invest
more
and
attempt more complex
strategies.
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Chapter 3

Design of the LinkIT Game

3.1.

Design Process

We followed the game design process introduced in Section 2.2.1. This section briefly
introduces our experience in each phase and the final model of the LinkIT game.

3.1.1. Conceptualization
As mentioned in Section 2.1.1, our motivation of creating LinkIT is originated in the
dissatisfaction of current paper-based risk communication materials. We wanted to create a
serious game whose objective is to supply laypeople with the information they need to make
informed, independent judgments about risks to health, safety, and the environment. For the first
model of the game, we are looking forward to achieving the first level of the cognitive domain in
Bloom‟s Taxonomy. That is, we want players of LinkIT to memorize simple scientific facts in a
specific risk management context during game play. As a result, we hope this information can
improve laypeople‟s knowledge about risks and correct the misconceptions in their mental
models.
To achieve this goal, we first reviewed literature in the mental models approach of risk
communication and discussed what elements can be gamed in our game. We discovered that in
the mental models approach, mental models are presented in the form of influence diagrams. An
influence diagram is a directed graph with arrows and different types of nodes (Howard &
Matheson, 1981). An arrow between two nodes means there is an influential relationship between
these two nodes. For example, an arrow from Node A to Node B can be read as “A influences B”.
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There are 3 types of nodes in an influence diagram: decision node, uncertainty node, and value
node. However, in the context of risk communication, since people just need to communicate the
influential relationship between different factors of a risk, usually only the uncertainty node is
used. Figure 4 shows an example expert mental model in risk communication represented by an
influence diagram. Our team agreed on that it might be interesting if we randomly select nodes
from a mental model and let players make linkages to connect these nodes. This becomes the
primary idea of LinkIT. Comparing to reading a paper-based material, each round of the LinkIT
game presents a simple problem for players to solve. In addition, rather than overwhelm people
with large amount of information at once, our game dissects the information into small pieces and
gradually helps players to construct the whole mental model. These are consistent with the
cognitive principles we mentioned in Section 2.3.2.3.

Figure 4 An expert mental model for mutation-bred rice (Hagemann & Scholderer, 2007)
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During the conceptualization process, many written documents have been created
including a requirement specification and graphical drafts of the game interface. After we reached
the agreement about the basic game mechanism and interface design, we reviewed available
technology and designed the architecture of the system. We decided to choose the climate change
mental model in Morgan, Fischhoff, Bostrom, & Atman (2001) as the context in our first version
of the game because this context is easier to understand, more complete, and related to everyone
compared to other mental models such as Radon and Mutation-breed rice.

3.1.2. Prototyping and Playtesting
Our prototyping and playtesting phases were interwoven together and were highly
iterative. We have created 12 incremental prototypes in total over the 5-month development
period. Each prototype was playtested and new requirements for the next prototype were
proposed. Early prototypes were mostly playtested internally by our development team and the
last two prototypes were playtested by 7 external players. During the process, we have changed a
lot of game elements such as information format, winning conditions, achievements, visual
effects, and so forth. As a result, the game became more and more robust, reliable, and fun.
Finally, we created our beta version of LinkIT based on the last prototype. Some example
feedbacks during the process are listed in Table 11.
Table 11 Example feedbacks during prototyping
“Need detailed node descriptions rather than a simple node label”
“Need the option to skip the current round if it‟s too hard”
“Need a debriefing part showing correct answers versus players‟ answers”
“Need more animation, color, and other visual effects to arouse interests”
“Change the game to a survival-based game”
“Need to count down when there is only 10 seconds left”
“Need trophies in the game”
“Need to use Tweening in Flash to make visual effects smoother”
“Need a leader board”
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“Sometimes node label will overlap buttons”
“Move the „no link‟ button into the center of the stage”

3.2.

Game Mechanics

3.2.1. Lifecycle
This section briefly introduces the lifecycle of the LinkIT game. First, login is required at
the beginning of the game in order to keep tracking players‟ performance and behaviors in the
game (Figure 5(a)). A short instruction of the game will be presented after a successful login
(Figure 5(b)). Players can also choose to skip the instruction and start playing the game
immediately. Before entering the first round of the game, players will see a short introduction of
the game context they are going to play, in our experiment, this context will always be “climate
change” (Figure 5(c)). The game officially starts when a user dismisses the context introduction.
After that, players will be able to play the game until the game timer runs out. When the game
ends, players will see a game over screen with career statistics of their performance in the last
game and their career records (Figure 5(h)). Players can choose to debrief the game, which shows
their answers and correct answers. Players can always choose to play the game again if they want
to. The game officially ends when a player exits.

(a)

(b)
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(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)
Figure 5 Screenshots of LinkIT
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3.2.2. How to Play
LinkIT is a one-player, online, casual game. In each round of the game, players will see
2 nodes on the screen represented by circles in random colors. Each node has a label attached to it.
Players can move their mouse cursors onto a node and a textbox will pop up displaying the
description of the node. For example, in Figure 5(d), the player sees “Fossil Fuel Usage” and
“CO2 Emission” respectively and the description of the former is displayed.
After reviewing given nodes, players need to make decisions about the relationships of
these two nodes according to the primer word in the upper left corner of the game screen. In our
experiment, influential relationship is the only possible relationship. An influential relationship is
indicated by an arrow between two nodes. For example, an arrow from “Solar radiation” to
“Climate” can be read as “Solar radiation influences the climate”. Players need to click on nodes
in order to draw linkages. For example, in Figure 5(d), if the player thinks “Fossil Fuel Usage”
influences “CO2 Emission”, he/she can click on the former first and then click the latter. An
arrow will be drawn after the second click as shown in Figure 5(e). Players are also given the
choice to choose “No Link” if they believe the two given nodes are not related. Basically, there
are four possible relationships between two nodes:


A influences B



B influences A



A and B influence each other



There is no relationship between A and B
Upon finishing drawing linkages, players need to click the “Done” button in order to

submit the answer. Players also have the option to “Skip” the current round if they are uncertain
about how to link together a particular set of nodes. Immediately after submitting an answer, a
feedback will pop up showing whether the answer is correct (Figure 5(f) and Figure 5(g))
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3.2.3. Winning Condition
LinkIT is a survival-based game like Tetris and Doodle Jump. There is no specific
winning condition. The game will be ended when the game timer runs out. The goal of the player
is to survive in the game for as long as possible. The initial length for the game timer is one
minute. Players earn extra seconds by providing correct answers and lose seconds by submitting
wrong answers. A skip will not result in any gain or loss of time. The rewarding and punishing
scheme is chained, which means players can get more seconds if they get correct answers in a
row. On the contrary, if they provide wrong answers consecutively, they will lose more seconds
on the clock.

3.2.4. Debriefing
When a game ends, players will be able to debrief the puzzles they have played. See
Figure 5(i) and Figure 5(j). In the debriefing screen, players‟ answers in the game are displayed
on the left side and correct answers are displayed on the right side. The background color and
water print indicate whether a player‟s answer is correct or not. Users can still see descriptions of
nodes by clicking on them. We also give players the option to dispute if they think there is a
mistake in the correct answer. They can click on the “I Disagree” button in the bottom of the
screen and input a 140-character report. The report will then be sent to the server for further
review.

3.2.5. Achievements
We have created two types of player achievements in LinkIT. First, we created a leader
board for the game in that social interaction is proved to add more motivations and fun for a game.
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The leader board shows top 10 players who have survived longest in LinkIT. We have also
incorporated the concept of trophies into the LinkIT game. The current trophy hierarchy includes
Rookie, Bench Warmer, Starter, Captain, All Star, MVP, and Hall of Fame. Players will be
assigned trophies progressively based on the number of rounds played by them in the LinkIT
game.

3.3.

Technical Details

3.3.1. Architecture
The LinkIT game adopts standard client/server structure of web applications. The client
side of LinkIT is developed by Flash CS4 with ActionScript 3.0. The server side of LinkIT is
implemented by Python on the basis of the open source package named Palabre (Palabre Project,
2010). Palabre is an XML Socket Python server, which has all basic functionalities for connecting
Flash-based clients. In order to accommodate our requirements, we have modified the original
package of Palabre in the following two ways:


Created custom messages to handle specific communication requirements for
LinkIT between the client and the server.



Added a separate Python package that encapsulates functions to select puzzles,
validate answers, and handle database operations.

The communication between the server and the client is enabled by XMLSocket, which
is an ActionScript class designed to transfer XML documents via Socket connections. All data
related to this project is stored in our database based on MySQL. The architecture of the whole
system is shown in Figure 6.
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Socket
Connection

Client

MySQL
Database
Game Server

Figure 6 System architecture

3.3.2. Puzzle Selection Algorithm
In the first version of LinkIT, we adopted the naïve puzzle selection strategy, which
means puzzles will be selected randomly with no preference. In the current version, each puzzle
has two nodes. Our algorithm uses two ways of selecting nodes:
1.

Selecting two nodes from the mental model that have a direct link between them

2.

Selecting two nodes from the mental model that have no path between them

We can control the probability of which way to choose by our algorithm. In our current
version, the probabilities of the two ways are 0.8 and 0.2. This means that in 80% of the games,
our algorithm will choose two nodes with a direct link and will pick two nodes that have no path
between them in the other 20% of games. In our current context of the game, we have 57 nodes
and 101 direct links. In all games, 284 puzzles have been created by the algorithm.

3.3.3. Data Collected
As per experiment requirements, the current version of LinkIT captures and stores the
following data during game play:


Puzzles played by each player



Answers provided by each player including arrows drawn, time of each click, and if
the answer is correct
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Accumulated length of time survived



The longest length of time survived in the history



The most corrects gained in a single game



The most wrongs gained in a single game



Accumulated rate of correctness



Highest rate of correctness in a game



Trophies earned by each player

3.3.4. Website
LinkIT is currently hosted on our website (URL: http://riskgames.ist.psu.edu). Players are
able to manage their profiles and see their own achievements on the website.
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Chapter 4

Design of Experiment

4.1.

Research Questions

There are many interesting research questions that we want to investigate. In general,
these questions can be categorized into two groups: learning outcome and user experience of the
game.
Learning Outcomes:
RQ1. Does LinkIT improve players’ knowledge?
RQ2. Is LinkIT more effective than directed self-learning?
RQ3. How do demographic factors, performance in the game, feelings of the game
correlate with learning outcomes?
User Experience
RQ4. Is LinkIT more fun than directed self-learning?
RQ5. How do demographic factors and performance in the game correlate with feelings
of the game?

4.2.

Experiment Procedure

In order to answer the above research questions, we divided participants of our
experiment into three groups. We call them the Null group, the Handout Group, and the LinkIT
group. The experiment procedure is shown in Figure 7.
In the first step of the experiment, the three groups were given three different
interventions. The Null group played a popular serious game called the ESP game (Ahn, 2005)
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for 30 minutes. This game is developed by researchers in Carnegie Mellon University and has
been played by hundreds of thousands of people. However, this game is designed for image
tagging and is completely not related to our climate change context. Participants in the Handout
group were given a handout to study for 30 minutes (See Appendix E). There are three sections in
the handout. The first section introduces its purpose and content. The second part is a professional
mental model of climate change from Morgan, Fischhoff, Bostrom, & Atman (2001) represented
by an influence diagram. The third part of the handout includes definitions of all nodes in the
mental model. Participants in the LinkIT group were asked to play our LinkIT game for 30
minutes, during which they were supposed to learn the same information as participants in the
Handout group.

Figure 7 Experiment procedure

After the three different interventions, all three groups took a same post-test to evaluate
their knowledge of climate change (See Appendix F). Since the Null group studied nothing
related to climate change during their participation, their scores in the post-test would be used as
the baseline knowledge level to be compared with the other two groups. This can help us to
investigate the effectiveness of reading a handout and playing LinkIT with regards to learning.
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We would also compare participants‟ scores between the Handout group and the LinkIT group to
see if LinkIT is more effective.
At the end of the experiment, all three groups took a short survey (See Appendix G)
about their feelings of the three interventions. Since the ESP game is a very successful serious
game, we would like to compare survey results between the Null group and the LinkIT group to
see how LinkIT compares to a successful serious game. We would also compare survey results
between the LinkIT group and the Handout group to see if the learning experience with LinkIT is
more positive.

4.3.

Data Collection Methods

We have used multiple data collection methods including post-test, surveys, and game
logs. The following sections introduce these three methods respectively.

4.3.1. Post-test
The post-test in our experiment is designed as an instrument to evaluate participants‟
knowledge of the selected context (i.e., climate change). Questions in the test are created based
on direct links in the mental model in Morgan, Fischhoff, Bostrom, & Atman (2001). The test
includes 20 multiple choice questions in total. Each question has 4 choices. One example question
is shown in Table 12.Our approach of coming up with these 20 questions is described as follows.
First, we will pick a direct link in the mental model. For example, “CH4 Emissions” influences
the “Concentration of Greenhouse Gases”. Then the question will be “Which of the following
factors directly influences the concentration of greenhouse gasses?” and “CH4 Emissions” will be
one of the 4 choices. Next, 3 wrong choices will be created by either choosing nodes that have no
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path to “Concentration of Greenhouse Gases” or using concepts that are not included in the
mental model (e.g., He Emission).
Table 12 An example question from the post-test
Which of the following factors directly influences the concentration of greenhouse gases?
(a) Cl2 Emissions
(b) H2 Emissions
(c) CH4 Emissions
(d) He Emissions

4.3.2. Survey
We have used a post-survey that includes five different parts. The first part of the survey
asks participants‟ demographic data including: age, gender, year in school, major, first language,
and average time spent on playing online games. The second part of the survey elicits players‟
emotions of the interventions in terms of 5-scale Likert questions. We adopted the seven
emotional elements from Mandryk & Atkins (2006). In the third part of the survey, we asked
participants about their feelings of the intervention as an educational tool. For example, we asked
if they think the activity is educational. This part is also formed in 5-scale Likert questions. The
fourth part is an open-ended question about what participants think they have learned about
climate change. The fifth part involves specific questions for the LinkIT group. We asked
questions about specific game elements adopted from Federoff (2002). There are also four open
ended questions including what stands out about the LinkIT game, how should LinkIT be
improved, how people can cheat in LinkIT and how people might misuse LinkIT. For each group,
participants answered different parts of the survey as described in Table 13.
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Table 13 Questions answered by different groups
Questions
Demographic
Emotions
Feelings of the intervention as an educational tool
Describe what you learned about climate change from this
activity.
Specific questions about LinkIT

Null
√
√

Handout
√
√
√

LinkIT
√
√
√

√

√
√

4.3.3. Game Log
As mentioned in section 3.3.3, many relevant data were collected and stored in our
database during the game play of LinkIT including puzzles played, answers provided by players,
and different measures of players‟ performance in the game. These data helps us to analyze
players‟ behaviors and performance in the game. Later, we will try to find correlations between
these data and players‟ learning outcome and game experience.

4.4.

Recruitment and Sampling

Recruitment has been one big challenge in this study due to the number of participation
we need. The subjects were recruited in three ways. The first was by posting emails to the
College of IST undergraduate listserv and the mailing lists of several undergraduate classes. The
second was by posting flyers in many locations on campus. The third method was by directly
visiting undergraduate classes and handing out sign-up sheets for the experiment. It turned out
that the first method was the most effective way and the third was the most ineffective if no extra
credit was awarded.
We randomly assigned participants into the three groups based on the time of their
participation. We estimated that we would need about 75 participants. Each group would have 25
participants. So we created a table with 75 rows. The name of each group appears in 25 of the 75
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rows. Then we shuffled the order of the table. For example, the first 5 rows look like “Null,
LinkIT, LinkIT, Handout, Null.” Therefore, the first participant will be assigned to the Null group,
the second and the third will be assigned to the LinkIT group, and so on.
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Chapter 5

Data Analysis and Results

5.1.

Subjects

In total, we have recruited 70 participants in our experiment. We randomly divided them
into the three groups in our experiment, the Handout group and the LinkIT group both had 25
participants; the Null group had 20 participants. The demographic data of participants are listed in
Table 14.
Table 14 Participants demographic data
Null
Gender
Male
Female
Age
18-21
22-25
26-29
29+
Education
Freshman
Sophomore
Junior
Senior
Super Senior
Graduate
First Language
English
Others

Handout

LinkIT

n

%

n

%

n

%

13

65%

13

52%

18

72%

7

35%

12

48%

7

38%

8

40%

12

48%

11

44%

6
4
2

30%
20%
10%

11
2
0

44%
8%
0%

9
5
0

36%
20%
0%

1

5%

2

8%

3

12%

1
3
4
2
9

5%
15%
20%
10%
45%

5
5
0
2
11

20%
20%
0%
8%
44%

4
3
1
1
13

16%
12%
4%
4%
44%

9

45%

12

48%

13

52%

11

55%

13

52%

12

48%
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5.2.

Validity of the Post-test

There are 20 multiple choice questions in the post-test. The accuracy of each question is
listed in Table 15. Ideally, the expected accuracy of each question for the Null group should be
close to 0.25 since there are 4 choices. However, the Null group got relatively high accuracy
(greater than 0.4) in 11 questions and its average accuracy of all 20 questions are 0.405. This
shows that the post-test is easier than it should be and this might inhibit its ability to measure how
much knowledge a person has learned. Fortunately, later analysis shows the test is still able to
indicate statistically significant differences between the Null group and the other two groups. We
will discuss this in later sections.
Table 15 Accuracy of the 20 questions
Question #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Average

Correct Rate
0.7714
0.7143
0.7429
0.6143
0.3143
0.4857
0.5571
0.5571
0.2571
0.4857
0.5571
0.6714
0.5286
0.8286
0.5
0.8714
0.7857
0.2714
0.5143
0.6714
0.5850

Null
0.4
0.7
0.45
0.4
0.35
0.3
0.45
0.25
0.05
0.25
0.3
0.4
0.3
0.65
0.55
0.75
0.65
0.15
0.2
0.55
0.405

Handout
0.92
0.8
0.84
0.8
0.28
0.68
0.68
0.6
0.2
0.44
0.6
0.8
0.64
0.92
0.48
0.88
0.84
0.32
0.52
0.72
0.648

LinkIT
0.88
0.6
0.84
0.56
0.32
0.44
0.48
0.76
0.44
0.72
0.68
0.76
0.56
0.84
0.48
0.92
0.8
0.32
0.72
0.68
0.64
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5.3.

Game Data

As mentioned before, there are 25 participants in the LinkIT group. For each player, we
have calculated the following summarizing variables:


Survived: a player‟s total survived time (in seconds) in the game



MaxSurvived: a player‟s maximum survived time (in seconds) in a single game



MaxCorrect: maximum number of correct answers provided by a player in a single
game



MaxWrong: maximum number of wrong answers provided by a player in a single
game



Rounds: total number of game rounds played by a player



Corrects: total number of correct answers provided by a player



Wrongs: total number of wrong answers provided by a player



Reports: total number of disagreement reported by a player

Descriptive statistics of these variables are summarized in Table 16. In general, 4,396
puzzles have been played in total. Each player played about 175.84 puzzles. Among all these
played puzzles, 2,459 were answered correctly, 1,856 were answered incorrectly, and 81 were
skipped by players. The average number of correct rounds for each player is 98.36, the average
number of incorrect rounds for each player is 74.24, and the average number of skips for each
player is 3.24. On average, each player survived about 1,288.84 seconds in the game. The best
player survived 1,767 seconds, and the worst player survived 547 seconds. In a single game, the
best player survived 1,373 seconds and the worst player survived 109 seconds. Looking at the
maximum number of correct answers in a single game, the average number is 40.88, the best
player got 173 correct answers and the worst player only got 5 correct answers. For the maximum
number of wrong answers in a game, the average number is 18.16, the best player only got 4 and
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the worst player got 65. On average, each player has reported 1.24 disagreements about correct
answers in the game. One player reported 7 times, which is the highest in all players.
As we have mentioned before, there are 57 nodes and 101 direct links in the expert
mental model we used. Our puzzle selection algorithm has generated 284 different puzzles in
total. All 101 direct links have been played and the algorithm has created 183 puzzles based on
nodes that have no path between them. Since the algorithm is adjusted to be in favor of choosing
nodes that have direct links, the 101 puzzles based on direct links were played more often than
the other 183 puzzles based on disconnected nodes. The descriptive statistics of the times that the
puzzles were repeated are summarized in Table 17.
Table 16 Descriptive statistics of game data
Survived
MaxSurvived
MaxCorrect
MaxWrong
Rounds
Corrects
Wrongs
Reports

Mean
1288.84
409.24
40.88
18.16
175.84
98.36
74.24
1.24

StDev
284.5289
324.9421
40.8591
14.9578
60.6898
40.0938
27.1666
2.166

Max
1767
1373
173
65
317
188
158
7

Min
547
109
5
4
67
38
29
0

Table 17 Number of repetition of puzzles
Puzzles based on connected nodes
Puzzles based on disconnected nodes

5.4.

Mean StDev Max Min
39.99 6.125
58
25
4.364 1.891
11
1

Learning Outcomes

As mentioned before, our objective for the first version of LinkIT is to make players
memorize simple scientific knowledge through game play. Therefore, the first question we want
to investigate is if LinkIT did improve players‟ understanding of the climate change context. We
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used participants‟ scores in the post-test as the measurement of their knowledge. Descriptive
statistics of post-test scores are shown in Table 18. Figure 8 shows the dot plot of test scores.
In order to compare the learning outcome of the three groups, we conducted a one way
ANOVA across the three groups. The detailed result is shown in Table 19 and Figure 9. The
result indicates that there were significant differences at the p < 0.05 level for the three groups
[F(2,67) = 18.59, p = 0.000]. Post hoc comparisons using Tukey HSD test shows the mean scores
for the Handout group (M = 12.80, SD = 3.594) and the LinkIT group (M = 12.96, SD = 3.089)
are both significantly higher than the Null group (M = 8.10, SD = 1.619). However, although the
LinkIT group has a slightly higher mean, the difference between the LinkIT group and the
Handout group is not significant. To show this clearer, we also conducted a one-way ANOVA
between the Handout group and the LinkIT group. The result is shown in Table 20. We can see
that the p-value is 0.867 thus we cannot observe any difference between the LinkIT group and the
Handout group.
In conclusion, we proved that LinkIT does improve players‟ knowledge in the context of
climate change. The median is 12 for people who have played LinkIT compared to 7 for people
who have studied nothing. However, the current version of LinkIT did not show significant
advantage over directed self-learning in terms of how much knowledge is memorized. Therefore,
we think there is still room for improving LinkIT.
Table 18 Post-test scores of the 3 groups
N
Mean
StDev
Median
Max
Min

Null
20
7.6
1.729
7
13.00
5.00

Handout
25
12.8
3.594
13
18.00
5.00

LinkIT
25
12.96
3.089
12
18.00
7.00
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Dotplot of Post-test Scores

Group

Handout
LinkIT

Null
6

8

10

12
Score

14

16

18

Figure 8 Dotplot of post-test scores
Table 19 One-way ANOVA: Score versus group
One-way ANOVA: Score versus Group
Source
Group
Error
Total

DF
2
67
69

S = 2.964

Level
Null
Handout
LinkIT

SS
326.73
588.76
915.49

MS
163.36
8.79

R-Sq = 35.69%

N
20
25
25

Mean
8.100
12.800
12.960

StDev
1.619
3.594
3.089

F
18.59

P
0.000

R-Sq(adj) = 33.77%
Individual 95% CIs For Mean Based on
Pooled StDev
------+---------+---------+---------+--(-----*------)
(-----*-----)
(-----*-----)
------+---------+---------+---------+--8.0
10.0
12.0
14.0

Pooled StDev = 2.964
Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Group
Individual confidence level = 98.07%
Group = Null subtracted from:
Group
Handout
LinkIT

Lower
2.568
2.728

Center
4.700
4.860

Upper
6.832
6.992

---------+---------+---------+---------+
(--------*-------)
(-------*--------)
---------+---------+---------+---------+
0.0
2.5
5.0
7.5
Group = Handout subtracted from:
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Group
LinkIT

Lower
-1.850

Center
0.160

Upper
2.170

---------+---------+---------+---------+
(-------*-------)
---------+---------+---------+---------+
0.0
2.5
5.0
7.5

Residual Plots for Score
Normal Probability Plot

Versus Fits
6

99.9
99

3

Residual

Percent

90
50
10

-6

1
0.1

0
-3

-10

-5

0
Residual

5

10

8

Histogram

10
Fitted Value

12

Versus Order
6
3

9

Residual

Frequency

12

6
3
0

0
-3
-6

-8

-6

-4

-2
0
Residual

2

4

1 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Observation Order

Figure 9 Residue plots for the ANOVA in Table 18
Table 20 ANOVA between the Handout and the LinkIT groups
One-way ANOVA: Score versus Group
Source
Group
Error
Total

DF
1
48
49

S = 3.351

Level
Handout
LinkIT

SS
0.3
539.0
539.3

MS
0.3
11.2

F
0.03

R-Sq = 0.06%

N
25
25

Mean
12.800
12.960

Pooled StDev = 3.351

StDev
3.594
3.089

P
0.867

R-Sq(adj) = 0.00%
Individual 95% CIs For Mean Based on
Pooled StDev
-------+---------+---------+---------+-(----------------*----------------)
(----------------*----------------)
-------+---------+---------+---------+-12.00
12.80
13.60
14.40
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Table 21 Correlation between emotional elements
Interesting
Challenging
Easy
Engaging
Exciting
Frustrating
Fun
Boring

Interesting

Challenging

Easy

Engaging

Exciting

Frustrating

Fun

0.302
-0.062
0.723
0.721
-0.092
0.799
-0.441

-0.672
0.257
0.431
0.400
0.438
-0.326

-0.069
0.034
-0.310
-0.122
0.161

0.624
-0.120
0.631
-0.487

0.159
0.646
-0.446

-0.102
-0.302

-0.466

Boring

Note: Correlations in italicized bold are significant (p < 0.05)

5.5.

User Experience

To compare players‟ overall feelings of the three interventions, we used 8 emotional
elements in the first part of our survey. They are interesting, challenging, easy, engaging, exciting,
frustrating, fun and boring. Based on our data with all three groups, we first analyzed the
correlations between these 8 elements. The correlation matrix is shown in
Table 21. We can see that many of these 8 emotional elements are strongly correlated. In
order to investigate if these 8 emotional elements are related with certain lower-level factors, a
factor analysis was conducted and the result is discussed in the next section.

5.5.1. Factor Analysis
Data from the entire population of 70 participants was analyzed via principle components
analysis extraction method. The Scree test suggested that 2 factors can be extracted (See Figure
10). Detailed results are shown in Table 22. We can see that Factor 1 is correlated with
Interesting, Engaging, Exciting, Fun, and reversed scale of Boring (i.e., 5 – Boring). It seems all
these questions are related to the fun of an intervention. Factor 2 is correlated with Challenging,
Frustrating, and reversed scale of Easy (i.e., 5- Easy). These 3 elements seem to be related to the

49
level of challenging or difficulty of an intervention. As a result, we created the following two
scales:


FunScale: This includes Interesting, exciting, fun, engaging and reversed-boring.



ChallengeScale: This includes challenging, frustrating, and reversed-easy.

The Cronbach alpha for the 5 elements in the FunScale is 0.8874. For the 3 elements in
the ChallengeScale, the Cronbach alpha is 0.7211. We will adopt these two scales instead of the
eight emotional elements in later discussions.
Figure 10 Scree plot of the 8 emotional elements

Table 22 Result of factor analysis on the 8 emotional elements
Factor Analysis
Principal Component Factor Analysis of the Correlation Matrix
Unrotated Factor Loadings and Communalities
Variable
Interesting
Challenging
Engaging
Exciting
Frustrating
Fun

Factor1
0.887
0.192
0.836
0.825
-0.376
0.875

Factor2
0.036
0.881
-0.001
0.083
0.651
0.018

Communality
0.788
0.813
0.699
0.688
0.565
0.765
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5-Boring
5-Easy

0.716
-0.087

0.048
0.853

0.515
0.736

Variance
% Var

3.6295
0.454

1.9383
0.242

5.5679
0.696

Rotated Factor Loadings and Communalities
Varimax Rotation
Variable
Interesting
Challenging
Engaging
Exciting
Frustrating
Fun
5-Boring
5-Easy
Variance
% Var

Factor1
0.887
0.256
0.834
0.829
-0.327
0.874
0.718
-0.025

Factor2
-0.029
0.865
-0.061
0.023
0.676
-0.046
-0.004
0.857

Communality
0.788
0.813
0.699
0.688
0.565
0.765
0.515
0.736

3.6206
0.453

1.9472
0.243

5.5679
0.696

Factor Score Coefficients
Variable
Interesting
Challenging
Engaging
Exciting
Frustrating
Fun
5-Boring
5-Easy

Factor1
0.245
0.086
0.230
0.230
-0.079
0.241
0.199
0.008

Factor2
0.001
0.449
-0.017
0.026
0.342
-0.008
0.010
0.441

5.5.2. Comparing FunScale
In this section, we will focus on the FunScale. As we have mentioned before, the ESP
game is a very successful serious game that has been played by hundreds of thousands of people.
We are very interested in investigating how the LinkIT game compares to the ESP game. Besides,
as an educational tool, we also want to investigate if people thought learning from the LinkIT
game is more fun than reading a handout. Therefore, a one-way ANOVA was performed across
the three groups. The detailed results are shown in Table 23and Figure 11. The result indicates
that the differences among the three groups were not significant [F(2,67) = 2.06, p = 0.136].
However, we can see the trend that the ESP game (M = 3.28, SD = 0.6910) has been rated to be
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the most fun and reading the handout (M = 2.8080, SD = 0.8514) has been rated the least fun. Our
LinkIT game (M = 3.1040, SD = 0.8106) has been rated in between of the other two interventions.
We will need more participants in future experiment to obtain stronger evidence.
In conclusion, we can see the slight trend that learning from the LinkIT game seems to be
more fun than learning from reading a handout. However, more evidence is definitely needed
from future experiment. We still think the LinkIT game is promising because currently it is still
very simple. By incorporating more game features in the next version, we believe the FunScale of
LinkIT will be improved further.
Table 23 One-way ANOVA: FunScale versus Group
One-way ANOVA: FunScale versus Group
Source
Group
Error
Total

DF
2
67
69

S = 0.7940

Level
Handout
Null
LinkIT

N
25
20
25

SS
2.595
42.240
44.835

MS
1.297
0.630

F
2.06

R-Sq = 5.79%

Mean
2.8080
3.2800
3.1040

P
0.136

R-Sq(adj) = 2.98%

StDev
0.8514
0.6910
0.8106

Individual 95% CIs For Mean Based on
Pooled StDev
-------+---------+---------+---------+-(----------*---------)
(----------*-----------)
(---------*----------)
-------+---------+---------+---------+-2.70
3.00
3.30
3.60

Pooled StDev = 0.7940
Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Group
Individual confidence level = 98.07%
Group = Handout subtracted from:
Group
Null
LinkIT

Lower
-0.0990
-0.2423

Center
0.4720
0.2960

Upper
1.0430
0.8343

Group = Null subtracted from:

-----+---------+---------+---------+---(----------*-----------)
(----------*----------)
-----+---------+---------+---------+----0.50
0.00
0.50
1.00
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Group
LinkIT

Lower
-0.7470

Center
-0.1760

Upper
0.3950

-----+---------+---------+---------+---(----------*-----------)
-----+---------+---------+---------+----0.50
0.00
0.50
1.00

Residual Plots for FunScale
Normal Probability Plot
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Figure 11 Residual plots for FunScale

5.5.3. Comparing ChallengeScale
Similar to the previous section, a one-way ANOVA was performed across the three
groups to compare the ChallengeScale. The detailed results are shown in Table 24 and Figure 12.
The result indicates that we do not have enough evidence to conclude any difference among the
three groups. [F(2,67) = 0.89, p = 0.415]. Therefore, we cannot say that playing LinkIT is less
challenging than reading a handout, although learning from LinkIT has been rated to be more fun.
This leads to a very interesting research question for future studies. That is, is “challenge” an
intrinsic characteristic of learning even if the educational contents are delivered by games?
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Table 24 One-way ANOVA: ChallengeScale versus Group
One-way ANOVA: ChallengeScale versus Group
Source
Group
Error
Total

DF
2
67
69

S = 0.7553

Level
Handout
Null
LinkIT

N
25
20
25

SS
1.016
38.222
39.238

MS
0.508
0.570

F
0.89

R-Sq = 2.59%

Mean
2.9333
2.6667
2.9333

P
0.415

R-Sq(adj) = 0.00%

StDev
0.6086
0.8020
0.8444

Individual 95% CIs For Mean Based on
Pooled StDev
-------+---------+---------+---------+-(-----------*-----------)
(-------------*------------)
(-----------*-----------)
-------+---------+---------+---------+-2.50
2.75
3.00
3.25

Pooled StDev = 0.7553
Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Group
Individual confidence level = 98.07%
Group = Handout subtracted from:
Group
Null
LinkIT

Lower
-0.8098
-0.5121

Center
-0.2667
-0.0000

Upper
0.2765
0.5121

------+---------+---------+---------+--(----------*----------)
(---------*---------)
------+---------+---------+---------+---0.50
0.00
0.50
1.00

Group = Null subtracted from:
Group
LinkIT

Lower
-0.2765

Center
0.2667

Upper
0.8098

------+---------+---------+---------+--(----------*----------)
------+---------+---------+---------+---0.50
0.00
0.50
1.00
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Residual Plots for ChallengeScale
Normal Probability Plot
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Figure 12 Residual plots for ChallengeScale

5.6.

User Experience vs. Learning Outcome

After comparing the FunScale and the ChallengeScale among the three groups, we want
to investigate how these two factors influence the learning outcomes for both LinkIT players and
Handout participants. First, we calculated the correlation coefficients between these two factors
and participants‟ post-test scores in the LinkIT and the Handout groups. From Table 25, we can
see that it seems the FunScale is positively correlated with players‟ test scores in the LinkIT
group. However, neither of these two factors is strongly correlated with post-test scores. In order
to further investigate the relationship, we regressed players‟ post-test scores on the FunScale and
the ChallengeScale. From the regression results (See Table 26 and Table 27), we can see that the
FunScale significantly predicted post-test scores (b = 1.8506, p = 0.018) in the LinkIT group.
However, the regression result is not significant in the Handout group.
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Therefore, we conclude that the fun of an educational game is very important. If the fun
elements do not shine in the design of an educational game, it will hurt the learning outcomes of
the game. In comparison, the FunScale did not show strong influence on learning outcomes in the
Handout group.
Table 25 Correlation between user experience and learning outcome

Factor

R

LinkIT
FunScale
ChallengeScale
Handout
FunScale
ChallengeScale

0.404
-0.203
0.071
0.095

Note: Correlations in italicized bold are significant (p < 0.05)
Table 26 Regression analysis: Score versus FunScale and ChallengeScale (LinkIT Group)
Regression Analysis: Score versus FunScale, ChallengeScale
The regression equation is
Score = 10.7 + 1.85 FunScale - 1.19 ChallengeScale
Predictor
Constant
FunScale
ChallengeScale
S = 2.77038

Coef
10.701
1.8506
-1.1883

SE Coef
2.675
0.7205
0.6917

R-Sq = 26.3%

T
4.00
2.57
-1.72

P
0.001
0.018
0.100

R-Sq(adj) = 19.5%

Analysis of Variance
Source
Regression
Residual Error
Total

DF
2
22
24

SS
60.109
168.851
228.960

Source
FunScale
ChallengeScale

DF
1
1

Seq SS
37.457
22.652

MS
30.055
7.675

F
3.92

P
0.035

Unusual Observations
Obs
9
15

FunScale
1.80
1.40

Score
14.000
11.000

Fit
13.240
7.747

SE Fit
1.706
1.997

Residual
0.760
3.253

St Resid
0.35 X
1.69 X

X denotes an observation whose X value gives it large leverage.
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Table 27 Regression analysis: Score versus FunScale and ChallengeScale (Handout Group)
Regression Analysis: Score versus FunScale, ChallengeScale
The regression equation is
Score = 7.97 + 0.66 FunScale + 1.02 ChallengeScale
Predictor
Constant
FunScale
ChallengeScale
S = 3.70178

Coef
7.971
0.659
1.016

SE Coef
6.167
1.019
1.426

R-Sq = 2.8%

T
1.29
0.65
0.71

P
0.210
0.525
0.484

R-Sq(adj) = 0.0%

Analysis of Variance
Source
Regression
Residual Error
Total

DF
2
22
24

SS
8.53
301.47
310.00

Source
FunScale
ChallengeScale

DF
1
1

Seq SS
1.58
6.95

MS
4.27
13.70

F
0.31

P
0.736

Unusual Observations
Obs
1
14

FunScale
2.60
3.20

Score
5.000
15.000

Fit
12.053
11.433

SE Fit
1.226
2.240

Residual
-7.053
3.567

St Resid
-2.02R
1.21 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

5.7.

Exploratory Investigations

The previous sections are our primary research interests when we were designing the
experiment. However, with all the data collected from the experiment, we also conducted some
exploratory investigations. Basically, we want to find how demographic factors and performance
in the game are correlated with learning outcomes and user experience.
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5.7.1. Demographic Factors vs. Post-test Scores
Our survey has collected demographic data including gender, age, level of education, first
language, and average time spent on playing online games. We are interested in how these
demographic data influence participants‟ post-test scores. Table 28 shows the correlation between
demographic factors and post-test score using data from the Handout group and the LinkIT group.
Table 28 Correlation between demographic factors and post-test score
Graduate
Native
Students
Speaker
Handout Group
0.059
0.343
-0.105
0.416
LinkIT Group
0.130
0.199
0.146
0.433
Note: Correlations in italicized bold are significant (p < 0.05)
Gender

Age

Gameplay
time
-0.052
-0.099

Table 29 Statistics of participants' post-test scores grouped by level of education

N
Mean
StDev
Median
Max
Min

HandoutGraduate
11
14.455
1.809
15
18
11

LinkITGraduate
13
13.538
3.307
14
18
7

HandoutUndergraduate
14
11.5
4.15
11
18
5

LinkITUndergraduate
12
12.333
2.830
12
17
7

Table 30 Statistics of participants' post-test scores grouped by gender
N
Mean
StDev
Median
Max
Min

Handout-Male
13
13
3.291
15
16
7

LinkIT-Male
18
13.778
2.819
14
18
9

Handout-Female
12
12.58
4.03
13
18
5

LinkIT-Female
7
10.86
2.91
11
14
7

Our first discovery is that in the Handout group, post-test scores and participants‟ level of
education (0 for undergraduate students and 1 for graduate students) are positively correlated with
r = 0.416. This indicates that graduate students in the Handout group have learned more than peer
undergraduate students.
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Table 29 shows descriptive statistics of participants‟ performance in the post-test grouped
by their level of education. To further investigate this phenomenon, we formed and tested the
following hypothesis.
H10:
H1a:
Mann-Whitney test shows that we can reject the null hypothesis at the 0.05 confidence
level (p = 0.0391). This confirmed that graduate students performed better than undergraduate
students in the Handout group. We also tried to check if this is also the case in the LinkIT group.
Although graduate students have a higher average score than undergraduate students, the
difference is not statistically significant (p = 0.1683) in the LinkIT group.
In addition to level of education, we also discovered that in the LinkIT group, gender (1
for male and 0 for female) is positively correlated with post-test score with r = 0.433. This
indicates that male players got higher scores in the post-test than female participants after playing
LinkIT. Table 30 shows descriptive statistics of participants‟ performance in the post-test grouped
by their level of education. To further investigate this phenomenon, we formed and tested the
sixth hypothesis.
H20:
H2a:
Mann-Whitney test shows that we can reject H20 at the 0.05 confidence level (p =
0.0291). This confirmed that male participants performed better than female participants in the
LinkIT group. We also tried to check if this is also the case in the Handout group, however, the
difference is not statistically significant (p = 0.4795).
In conclusion, we have discovered that demographic factors do influence participants
learning outcomes. In particular, we found that graduate students learned better than
undergraduate students in the Handout group. While in the LinkIT group, this advantage
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disappeared. Besides, our results show that male players learned more from LinkIT than female
players. While in the Handout group, this advantage disappeared. These are two very interesting
findings. We originally thought that this might be related to other demographic factors. For
example, it is possible that graduate students outperformed undergraduate students in the Handout
group because we had more international students in the graduate students group. However, if this
is the case, then the factor “First Language” should also show strong correlation with post-test
scores. Therefore, our current data cannot disclose the underlying reasons of these two
differences we discovered.

5.7.2. Demographic Factors vs. User Experience
Next we want to check if demographic factors and players‟ self-reported user experience
are correlated in the LinkIT group. Thus, we calculated the correlation coefficients between the 2
emotional factors and participants‟ demographic data.
Table 31 Correlation between demographic factors and FunScale, ChallengeScale
FunScale ChallengeScale
Gender
-0.302
0.485
Age
-0.200
-0.242
GaduateStudent
-0.177
-0.110
EnglishSpeaker
0.116
0.408
GameplayTime
-0.533
0.475
Note: Correlations in italicized bold are significant (p < 0.05)

From Table 31, we found many interesting patterns in our data. First, gender (1 for male
and 0 for female) and FunScale are positively correlated. This means that male players thought
the game to be more fun than female players. This is consistent with our previous discoveries that
male players learned better than female players in the post-test.
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Second, we found that native English speakers found the game to be more fun than
people whose first language is not English. This is reasonable because the gameplay of LinkIT
requires relatively high reading capability.
Third, we discovered that people who spend more time on playing online games thought
LinkIT to be less fun and more challenging. Since frequent game players must have higher
expectations of games, we understand why they rate the game to be less fun. However, based on
our data we cannot explain why frequent game players also thought the game to be more
challenging.
Next, we investigated how demographic factors correlate with people‟s view of LinkIT as
an educational instrument. From Table 32, we discovered that male players, younger participants
and native English speakers are more satisfied with the quality of information provided in LinkIT
than female players, older participants and non-native speakers. Also, graduate students felt the
game is less educational than undergraduate students.
In conclusion, we discovered that demographic factors do have influences on people‟s
feelings of the game.
Table 32 Correlations between demographic factors and ratings of LinkIT as an educational
instrument

0.172
-0.359

Learned
More
0.273
-0.062

-0.426

-0.132

-0.086

-0.104

-0.392

0.353

-0.040

-0.029

-0.007

-0.377

0.098

0.080

0.126

0.324

-0.081

-0.396

0.308

0.098

0.053

-0.050

0.460

-0.055

0.000

-0.138

Educational
Gender
Age
Graduate
Student
Gameplay
Time
English
Speaker

0.200
0.027

Enough
Info
0.070
-0.079

Quality
Understood
Courses
of Info
More
0.112
0.290
0.654
0.244
-0.098
-0.546

Prepared

Note: Correlations in italicized bold are significant (p < 0.05)

Belief
Changed
0.048
-0.179
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5.7.3. Game Data vs. Post-test Score
In addition to demographic factors, it is also very important to know how players‟
performance and behaviors in the game correlate with their scores in the post-tests. Therefore, we
investigated correlations between post-test score and the game variables introduced in Section 5.3
Table 33 shows the correlation coefficients. We discovered that 4 variables are strongly
correlated with players‟ scores in the test.
Table 33 Correlation between game variables and post-test score
Game Variables
r
Survived
-0.062
MaxSurvived
0.565
MaxCorrect
0.512
MaxWrong
0.467
Rounds
-0.037
Corrects
0.250
Wrongs
-0.487
Reports
-0.136
Note: Correlations in italicized bold are significant (p < 0.05)

First, MaxSurvived and MaxCorrect are both positively correlated with test scores. Since
gameplay of LinkIT is based on player‟s knowledge rather than luck or some other random
factors, it is impossible to achieve high marks in MaxSurvived and MaxCorrect without
memorizing knowledge provided in the game. A player who plays the game by chance will lose
the game very quickly since each wrong answer takes time from the game clock. Therefore,
MaxSurvived and MaxCorrect are two correlated indicators of how much knowledge a player has
memorized in the game. Players who have achieved high survival time in a single game or
provided a large number of corrects in a game have apparently remembered more than other
players. This explains why they got higher scores in the post-test. On the contrary, we also found
that the number of wrong answers provided by a player is negatively correlated with the post-test
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score. This is easy to explain because players who got more wrong answers in total obviously did
not memorize much from the game. That‟s why they also got lower scores in the post-test.
One interesting discovery is that MaxWrong is positively correlated with players‟ posttest scores. This means that players who have provided a lot of wrong answers in a single game
actually learned more from the game than others. This is also explainable. First, MaxWrong and
Wrongs are not strongly correlated (r = 0.222). Players who got high number of wrong answers in
one game are not necessarily players who performed badly in the entire 30 minutes. Second, in
order to produce a large number of wrong answers in a single game, a player needs to provide at
least the same number correct answers. Because each wrong answer will take time away from the
game clock. In fact, MaxWrong and MaxCorrect are strongly correlated with r = 0.953.
In conclusion, we discovered that performance in LinkIT is highly correlated with players‟
learning outcomes. People who got higher statistics in the game also got higher scores in the posttest, and vice versa. This is a very good sign because it means the game play is based on players‟
knowledge level rather than random factors. The more knowledge a player has memorized, the
better he/she will perform in the game. In turn, the better he/she will perform in the post-test.

5.7.4. Game Data vs. User Experience
This section presents our findings about how players‟ performance and behaviors in the
LinkIT game are correlated with their user ratings in the FunScale and ChallengeScale. The
correlation coefficients are shown in Table 34.
Table 34 Correlation between game performance and emotional elements
Game Variable FunScale ChallengeScale
Survived
0.026
0.264
MaxSurvived
0.032
0.397
MaxCorrect
0.104
0.396
MaxWrong
0.360
0.082
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Rounds
0.062
0.334
Corrects
0.184
0.200
Wrongs
-0.158
0.444
Reports
-0.509
0.454
Note: Correlations in italicized bold are significant (p < 0.05)

From Table 34, we can see that MaxSurvived and MaxCorrect are both positively
correlated with the FunScale. This means that people who have achieved higher scores in the
game were happier and seemed to have liked the game better than others. Also, we identified that
Wrongs is positively correlated with the ChallengeScale, this means that people who did not
perform well in the LinkIT game thought the game to be more challenging. Finally, we found that
the number of reports provided by a player is negative correlated with the FunScale and
positively correlated with the ChallengeScale. This is also reasonable because the number of
reports provided by a player represents his / her degree of disagreements of the information
provided in the game. Therefore, if a player has many disagreements of the information in the
LinkIT game, our game seems to be less fun and more challenging for this player.

5.8.

User Feedback

We have designed 5 opened ended questions in our survey. The first question asks
participants in the LinkIT and the Handout group about what they think they have learned in the
climate change context. The next four questions are specific questions about players‟ feedbacks
of the LinkIT game and are answered by LinkIT participants only. This section lists all feedbacks
we received from participants.
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5.8.1. What I Have Learned?
Table 35 shows participants‟ answers about what they think they have learned from their
interventions. We have used exactly the same amount of information in the handout and in the
LinkIT game. Although the information was presented in two very different ways, it seems the
results are quite similar. This indicates that games have the potential to achieve the same effect of
traditional paper-based communication.
Table 35 What did people say they have learned
Answers
Relationship between different factors in climate change.
Causes of climate change that I do not know before.
Terms used in climate change.
I know more than I knew before.
I learned how to prevent climate change.
We should conserve energy.

# of mentioning
in the Handout
group
13
12
4
2
0
0

# of mentioning
in the LinkIT
Group
11
11
6
2
2
1

5.8.2. What Stands Out about LinkIT?
Table 36 summarizes players‟ feedbacks on what stands out about the LinkIT game. The
most mentioned feature of LinkIT is that it is easy to play. This exactly meets our goal of
designing a causal game that does not require intensive cognitive load to play. Also, some people
pointed out that LinkIT is educational, which is the primary goal of the game. Players also
pointed out some positive design elements including the use of visual effects, the survival mode,
and the interface. Five people mentioned that LinkIT provides a way to quickly memorize new
terms and concepts. This exactly meets the goal of LinkIT as a tool to help people pick up new
terms and relationships in a short time.
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Table 36 What stands out about the LinkIT game
Comments
The game is easy to play.
The game is educational.
The use of animation, color, shape, and other visual effects aroused my
interest.
The survival mode makes the game fun and attractive.
The speed that I was able to memorize new terms and relationships.
The interface is well-designed.
The game is innovative.
The game offers great motivation to learn.
The game provides clear feedback about how well I am doing.
The use of leader board makes the game more interesting.

# of Mentioning
8
7
6
5
5
4
3
2
1
1

Table 37 How to Improve LinkIT
Comments
Some answers are not convincing. It will be better to provide explanation
about correct answers.
Some node descriptions are not very clear.
The instruction could have been clearer.
The game can be made in different forms e.g., different expressions for
the same meaning
The game discourages players to read the descriptions carefully because it
steals time.
Graphics can be improved.
The problem space is too small, puzzles are repeated many times.
The game timer is too short, making the game too challenging.
The game could be made more interactive.
The countdown made me nervous.
Needs more time to digest the information I received.
The game should allow players to accumulate time more than 3 minutes.
Use sound.

# of Mentioning
6
5
3
2
2
2
1
1
1
1
1
1
1

5.8.3. How to Improve LinkIT
We have also received many constructive feedbacks on how to improve LinkIT in the
future. They are listed in Table 37. We can see that many players have mentioned that they want
to see more explanations of correct answers in the game because some answers seem not very
convincing to them. This is definitely a feature that we will add to the next version of LinkIT.
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Also, players pointed out that some node descriptions in the game are not very clear. We will also
take this into consideration in the next version. Besides, we will also try to improve the
instruction of LinkIT since three players have mentioned that they did not understand the
relationship or the rewarding mechanism in the game.
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Chapter 6

Discussion

6.1.

Debriefing LinkIT

Our study of LinkIT has achieved a certain level of success. We have proved that LinkIT
does improve players‟ understanding in the climate change context after playing the game.
Participants in the LinkIT group achieved significantly higher scores in the post-test than people
from the same sample who have not learned any information in the experiment. This shows that
LinkIT does have the ability to fix laypeople‟s gaps in knowledge and corrects their
misconceptions. As mentioned by players, LinkIT is innovative, educational and has created a
way that helps players quickly memorize new concepts and their relationships. Further analysis
has disclosed that players‟ performance in the game is strongly correlated with their learning
outcomes, indicating the gameplay of LinkIT is based on players‟ knowledge rather than other
random factors. Although the current version of LinkIT does now show significant advantage
over self-learning in terms of learning outcomes, we have discovered that learning from LinkIT is
more fun than learning from a handout due to its game features such as the survival mode and
visual effects.
In conclusion, LinkIT has shown its potential as an effective and fun instrument of
transferring knowledge and we believe that it can be used as a new way of conducting risk
communication.
In retrospect, there is still room to improve LinkIT. One problem that has been mentioned
by many players is that the quality of information provided in the game needs to be improved.
Especially we need to provide clearer definitions of each node and offer explanations of correct
answers. Another major issue we identified in our experiment is player difference, which is
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strongly correlated with learning outcomes and user experience of LinkIT. We will discuss this in
the next section.

6.2.

Player Difference

One thing that we have not considered in the current version of LinkIT is game
adaptability. We took it for granted that adaptability is not an issue for a casual game like LinkIT.
However, results have shown that adaptability is extremely important for educational games even
if the game mechanism is so simple. Based on our data, we discovered the following 4 major
player differences in our sample: gender, level of education, nationality, and experience of game.
First, we discovered that female players did not learn as much as male players in the
LinkIT group. Further analysis disclosed that female players thought the game to be less fun than
male players and they were more dissatisfied with the information provided in the game. We did
not find much literature about players‟ different preference of games caused by gender difference.
This could be a very interesting research topic in the future.
Second, we discovered that graduate students learned better than undergraduate in the
Handout group. However, this advantage disappeared in the LinkIT group. Based on our data, we
found that graduate students and older participants in our sample were less satisfied with the
quality of information provided in LinkIT and thought the game to be less educational. Therefore,
a game that is intended to inform the public should consider different expectations of the content
in the game from people with different level of education.
Third, since LinkIT requires relatively fast reading speed in English. This increased the
bar of the game for International students whose first language is not English. We found that nonEnglish speakers felt the game to be less fun than native English speakers. They have reported
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things like “the game timer is too short for me to read node descriptions”. Therefore, it will be
ideal if LinkIT can adjust its timer according to players‟ language ability.
Finally, people who play online games frequently felt LinkIT was less fun than infrequent
game players. Our explanation is that frequent game players have higher expectation of games
than people who do not play games often. Game designers need also take this into consideration.
Our current data cannot provide more details to help us find out the underlying reasons
that caused these differences. For example, why graduate students learned better than
undergraduate students in the Handout group? Future research is needed to further investigate this
problem and this can definitely help game designers to create better games.

6.3.

Learning vs. Fun

As Gunter, Kenny, & Vick (2006) pointed out, an educational game involves both
educational and fun elements. Play and learning are both essential for the success of an
educational game. Our experiment results confirmed this point and discovered that fun and
learning are strongly correlated.
We found that the FunScale is positively correlated with players‟ post-test scores in the
LinkIT group and is a significant predictor of test scores. This means that if players have enjoyed
playing the game, they will learn better from the game. On the contrary, if a game is not fun to its
players, the learning outcome will also be damaged.
We also found that players‟ dissatisfaction of the educational content in the game is
negatively correlated with their feelings of the game. This means that if game designers do not do
a good job in the educational side, it will also downgrade the fun side of the game.
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6.4.

Future Work

Future work is necessary to further investigate and improve LinkIT. We will consider the
following directions.
First, although our original goal for the first version of LinkIT is focused on memorizing
new terms and relationships, some players have asked for the feature to view detailed
explanations of relationships. Thus, we will definitely add this feature to the next version of
LinkIT.
In our experiment, the post-test was given immediately after the interventions. Therefore,
the post-test is actually measuring short-term knowledge retention. It will also be very interesting
to compare long-term knowledge retention between the LinkIT and the Handout group. For
example, we can give a second test after 2 days and see how results compare. We will take this
into consideration in our future experiment. In addition, questions in our current post-test are all
based on direct links in the climate change mental model. In our next experiment, we will try to
incorporate questions about indirect links. Especially for the LinkIT group, if players have seen
that A influences B and B influences C, we are interested to know if they are able to infer that A
influences C? Also, our current post-test is measuring the amount of information that has been
memorized by participants. In future experiments, we will try to investigate participants‟ ability
to apply the information they have learned. Rather than asking influential relationships, we will
integrate questions regarding to decision making. For example, given a short scenario, we want to
see what decision participants will make based on what they have just learned.
Moreover, we will try to enhance the adaptability of LinkIT. As we have discussed in the
previous section, we discovered that diversity of players will significantly influence the
effectiveness of an educational game. It is not easy to address some of these problems such as
how to meet different tastes of frequent game players and infrequent game players. However, we
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can definitely make the game to adapt to different reading speed caused by language skills.
Furthermore, we will also try to make the game to be adaptable to individual player‟s
misconceptions and gaps in knowledge. That is, the game will choose puzzles smartly based on a
player‟s former performance in the game. This is a luxury that paper-based materials do not have
because it is too expensive to design different versions of materials to adapt to individual‟s
knowledge level.
Last but not the least, we think LinkIT can also be used as an instrument to elicit
laypeople‟s mental models. In addition to transferring knowledge to laypeople, it is also very
important to elicit laypeople‟s mental models in risk communication. According to our game log,
we have collected over four thousand linkages from 25 players in 30 minutes of game play. Each
player played about 175 puzzles, which means that we can collect 350 linkages per player per
hour. This is much more effective and fun than traditional questionnaires that are designed to
collect laypeople‟s mental models. To make this game more fun, we have started to create a twoplayer version of LinkIT by adopting the concept of output-agreement game (von Ahn & Dabbish,
2008). In the duo version, two players will be matched randomly and they will see a same puzzle
each round. Their winning condition is to provide the same answer to this puzzle.
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Appendix A

IRB Approval

Implied Informed Consent Form for Social Science Research
The Pennsylvania State University
Title of Project:

Communicating risks through serious games

Principal Investigator:

Miao Jiang, Graduate Student
104D IST Building, University Park, PA 16802
(814) 206-4046; mxj200@ist.psu.edu

Advisor:

Dr. William McGill
102L IST Building, University Park, PA 16802
(814) 867-0270; wmcgill@ist.psu.edu

1. Purpose of the Study: The purpose of this pilot study is to explore whether a serious game named
“LinkIT” is able to improve players‟ understanding of a particular context after certain period of
gameplay. We will also compare “LinkIT” with self-learning and a leisure game on the basis of
learning results and fun.

2. Procedures to be followed: As a participant in this study, you will perform one of the following
three activities - either given a handout to study for 30 minutes, play “LinkIT” for 30 minutes or play
some other online game (i.e. “ESP Game”) for 30 minutes. You will not be asked to perform more
than one of these activities. In all cases, at the conclusion of this activity you will take a 20-question
quiz and will fill out a questionnaire.

3. Payment for participation: In exchange for participation, volunteers who finish the experiment will
be given $8 in cash.

4. Discomforts and Risks: There is no risk in participating in this research. You should not feel
compelled to share any information or do anything that will cause discomfort. All data will be kept
confidential.

5. Benefits: By participating in this study, you will have the opportunity to learn some basic knowledge
about global climate change. In addition, the findings from this research may reveal insight into the
effectiveness of using serious games for risk communication.
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6. Duration: Depending on your group assignment, it will take 30 minutes to study the given material
or play a game preceded by a 5 minute introduction to the experiment, 10 minutes to finish the
quizzes, and 10-15 minutes to finish the survey.

7. Statement of Confidentiality: Your participation in this research is confidential. The quizzes and
survey do not ask for any information that would specifically identify participants. All private data
will be stored and secured in locked or password protected files. In the event of any publication or
presentation resulting from this research, no personality identifiable information will be disclosed.
Your confidentiality will be kept to the degree permitted by the technology used. No guarantees can
be made regarding the interception of data sent via the Internet by any third parties. The
Pennsylvania State University‟s Office for Research Protections, the Institutional Review Board and
the Office for Human Research Protections in the Department of Health and Human Services may
review records related to this research study.

8. Right to Ask Questions: Please contact _Miao Jiang_ at (814) 206-4046 or mxj200@ist.psu.edu
with questions, complaints or concerns about this research. You can also contact this person if you
feel this study has harmed you. If you have any question, concern, or problem about your rights as a
research participant or would like to offer input, please contact The Pennsylvania State University‟s
Office for Research Protections (ORP) at (814) 865-1775. The ORP cannot answer questions about
research procedures. Questions about research procedures can be answered by the research team.

9. Voluntary Participation: Your decision to be in this research is voluntary. You may terminate your
involvement at any time. You do not have to do anything you do not want to. Refusal to take part in
or withdrawing from this study will involve no penalty or loss of benefits you would receive
otherwise.

You must be 18 years of age or older to take part in this research study.

Completion of the whole experiment implies that you have read the information in this form and
consent to take part in the research.

Please keep this form for your records or future reference.
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Appendix B

Script to Read in Class
Script to read in class for recruitment
Professor William McGill and his research group in the College of Information Sciences and
Technology at Penn State are currently conducting a pilot study on the use of casual online browser
games for risk communication. We are looking for up to 250 volunteers from the Penn State community
to participate in this study. Participation should take no longer than 60 minutes. In exchange for
participation, volunteers who finish the experiment will be given $8 in cash. Individual and group
sessions will take place between 9/8/2010 and 10/1/2010.
If you are interested in participating in this study, please send an email to Miao Jiang at
mxj200@ist.psu.edu to arrange a time to participate. We will also pass around a sign-up sheet – if you
are interested, please put down your valid email address. Note that by sending an email or placing
yourself on the signup sheet you are in no way bound to participate. At any time you may choose to not
participate in this study.
Are there any questions?
(Answer questions).
Thank you for your time.

Sign-up Sheet (example)

Email Address
1
2

jdoe@psu.edu

Email Address
X
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Appendix C
Flyer

Volunteers Needed
Researchers in the College of Information Sciences and Technology at Penn State are conducting
a study on the use of casual online browser games for risk communication.

We are seeking up to 250 volunteers from the Penn State community to participate in this pilot
study. Participation should take no longer than 60-minutes. In exchange for participation, volunteers
who finish the experiment will be given $8 in cash. Individual and group sessions will take place
between 9/8/2010 and 10/1/2010.

If you are interested in participating, please send an email Miao Jiang at mxj200@ist.psu.edu.
We will promptly respond to setup a time for you to come and participate in this study.
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Appendix D
Listserv Email
Dear all,

Researchers in the College of Information Sciences and Technology at Penn State are conducting
a study on the use of casual online browser games for risk communication.

We are seeking up to 250 volunteers from the Penn State community to participate in this pilot
study. Volunteers should be literate and know how to read and interpret an easy graph. Participation
should take no longer than 60-minutes. In exchange for participation, volunteers who finish the
experiment will be given $8 in cash. Individual and group sessions will take place between 1 September
2010 and 1 October 2010.

If you are interested in participating, please send an email Miao Jiang at mxj200@ist.psu.edu.
We will promptly respond to setup a time for you to come and participate in this study.

Thank you very much!
Miao Jiang
Graduate Researcher, McGill Research Group
College of Information Sciences and Technology
The Pennsylvania State University
mxj200@ist.psu.edu
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Appendix E
Handout for Control Group
Instructions
In this material, you will study a simplified model about climate change, its causes and effects.
There are two parts of this material spanning five pages. The first page provides an influence diagram
that illustrates how factors or events related to climate change influence or depend on each other. Factors
and events are represented by an oval with a text label; the relationship between factors and events is
illustrated with an arrow connecting two nodes. The remaining pages define each of the factors and
events as shown in the influence diagram.
You have 30 minutes to review these materials to improve your understanding about climate
change, its causes and effects. You may use scrap paper to make sketches and/or take notes to help with
your studying. After 30 minutes, you will be given a short 20-question quiz to gauge how much you
learned.
In order for us to collect the best data possible:
1) Do not supplement your understanding with any online searching.
2) Do not discuss any aspect of the influence diagram or global warming with other
students during the course of this activity.
3) Do not consult any other external materials for help.
4) Do not engage in any other activities other than this task.
5) Turn off your cell phones and other mobile devices.
Thank you very much for your participation!
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In the following influence diagram, oval nodes represent factors and events in the context of global warming. Arrows indicate a dependency
relationship (influence) between two nodes. For example, the arrow from “Solar radiation” to “Climate” can be read as “Solar radiation influences Climate”.
Refer to the accompanying glossary for specific definitions of the nodes in this diagram. You may write on this sheet.
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Glossary of Factors and Events Associated with Climate Change
Node Label
Aerosols
Agricultural
Practices
Agriculture
Yields
Aircraft
Albedo
Appliances
Automobiles
Building Energy
Use
Building Heating
and Cooling
Buildings
Bus and Rail
CFC Emissions
CH4 Emissions
Chronic Flooding
Climate
CO2 Emissions

Definition
The extent and amount of aerosols (i.e., clouds of fine solid particles or
liquid droplets suspended in a gas) present in the atmosphere.
The methods and techniques used by farmers to grow crops and raise
livestock. This includes the extent and amount of fertilizer used, number
of animals raised, equipment used, etc.
The amount of crops grown per unit of area of irrigated land at different
locations on the Earth‟s surface and at different times during the year.
The number and extent to which aircraft (e.g., planes and helicopters) are
used for transportation purposes.
The amount of sunlight that the Earth reflects back into space.
The extent of the need to operate all sorts of machines (e.g., stoves,
refrigerators, computers) for residential, commercial and industrial
purposes.
The number and extent to which automobiles (e.g., cars and trucks) are
used for transportation purposes.
The extent and amount of energy used by buildings.
The extent of the demand for building heating or cooling to counteract
environmental conditions.
The extent and amount of energy used by buildings.
The number and extend to which bus and rail are used for transportation
purposes.
The extent and amount of chlorofluorocarbons, or CFCs (e.g., Freon gas),
emitted to the atmosphere.
The extent and amount of methane gas (CH4) emitted to the atmosphere.
The extent and amount of long-lasting or frequently occurring floods
affecting different coastal locations on the Earth‟s surface and at different
times during the year.
The nature and extent of change to the generally prevailing weather
conditions of different regions on the Earth‟s surface throughout the year.
The extent and amount of carbon dioxide gas (CO2) emitted to the
atmosphere.
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Nodes
Coastal Erosion
Concentration of
Greenhouse
Gases
Consumer
Demand for
Goods and
Services
Deforestation
Distribution of
Rainfall
Distribution of
Storm Frequency
and Severity
Ecosystem
Impacts (e.g.,
Biodiversity)
Ecosystem
Services
Electricity from
Fossil Fuel
Eustatic Sea
Level Rise
Food Supply
Fossil Fuel Usage
Fresh Water
Supplies
Geophysical
Processes
GHG Sinks
Humidity
Distribution

Description
The extent and amount of weathering by wind, water, ice, soil creep,
gravity, or by living animals at different coastal locations on the Earth‟s
surface.
The concentration of greenhouse gases present in the atmosphere (typically
expressed as a percentage).
Consumer demand for goods and services developed by industry.

The reduction in the amount of forested area on the Earth‟s surface such as
is caused by the removal of trees for development purposes by logging and
burning.
The extent, frequency and amount of rain imparted to different locations
on the Earth‟s surface at different times during the year (with associated
uncertainties).
The frequency and severity of storms (e.g., weather) occurring at different
locations on the Earth‟s surface and at different times during the year (with
associated uncertainties).
The nature and extent of impacts to different ecosystems in terms of
biodiversity, shifting animal populations, etc.
Changes in the nature of the services provided by particular ecosystems
that that interact with (e.g., control, support) other natural and human
systems.
The amount of electricity produced from the burning of fossil fuels.
The increase in the volume of water present in the Earth‟s oceans and
corresponding increase in sea level.
The amount and availability of food to those who need it (e.g., animals,
people) at different locations on the Earth‟s surface and at different times
during the year.
The types and amounts of fossil fuels burned or used to generate energy.
The amount and availability of fresh potable water at different locations on
the Earth‟s surface and at different times during the year.
The nature of Earth‟s natural processes (e.g., tectonic movement, magnetic
field)
The number and distribution of environmental objects such as plants
capable of absorbing greenhouse gasses (GHG)
The moisture content present in the air at different locations on the Earth‟s
surface and at different times during the year (and associated
uncertainties).
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Nodes
Industrial Energy
Usage
Industrial
Solvents and
Lubricants
Land and Sea Ice
Land Use
Lights
Marine Vessels
N2O Emissions
Nuclear Energy
Plants
Population
Migration
Radiative
Balance
Recreation
Redistribution of
Wealth, Loss of
Resources and
Increased
Mortality
Renewable
Energy Sources

Description
The amount energy consumed for industrial purposes (e.g., manufacturing,
processing).
The amount of solvents and lubricants (i.e., chemicals used to clean and
maintain equipment) used for industrial purposes.
The extent and amount of the Earth‟s surface covered by ice, whether on
the land or on the sea.
A measure of how much land is used on the Earth‟s surface and for what
purposes.
The extent of the need for lighting at different locations on the Earth‟s
surface.
The number and extent to which marine vessels (e.g., surface ships,
freighters) are used for transportation purposes.
The extent and amount of nitrous oxide (N2O) gas emitted to the
atmosphere.
The amount and availability of energy from generated by nuclear power
plants.
The amount and distribution of plants present on the Earth‟s surface.
The permanent movement of humans, animals and other forms of life from
one location on the Earth‟s surface to another location on the Earth‟s
surface.
The relative proportions in which energy from the sun is used (e.g., for
evaporating surface water), stored (e.g., surface heating) and radiated back
out to space (e.g., reflection).
The changes in the nature and availability of outdoor recreational activities
available for human leisure, such as skiing, fishing, hiking, swimming.
The nature and extent of generally harmful outcomes to all aspects of
human society. This includes the redistribution of all forms of wealth
(e.g., water, food, resources), loss of resources and an increase in the
number of deaths per capita.
The amount and availability of energy from renewable energy sources
(e.g., solar power, wind, geothermal).
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Nodes
Salt Water
Intrusion in
Aquifers
Soil Moisture
Solar Radiation
Space Cooling
Space Heat
Storm Damage

Temperature
Distribution
Total Water
Vapor in
Atmosphere
Transportation
Volcanic Activity
Water Heat

Description
The extent and amount of salt water intruding in ground water that could
be usefully extracted using a water well.
The amount of water contained in the soil found at different locations on
the Earth‟s surface and at different times during the year.
The extent and amount of solar radiation emitted to the Earth by the Sun.
The extent of the need to provide in-situ artificial cooling at locations on
the Earth‟s surface for residential, commercial or industrial purposes.
The extent of the need to provide in-situ artificial heating at locations on
the Earth‟s surface for residential, commercial or industrial purposes.
The severity and frequency of damage to people and property resulting
from intense weather events (i.e., storms) at different coastal locations on
the Earth‟s surface and at different times during the year.
The surface air temperature at different locations on the Earth‟s surface
and at different times during the year (and associated uncertainties).
The percentage amount of water vapor present in the atmosphere.

The extent to which the transportation of people and goods is occurring
across all modes of transportation.
The extent of volcanic activity occurring on the Earth‟s surface and the
amount of particles (e.g., ash) released to the atmosphere.
The extent of the need to heat water for residential, commercial or
industrial purposes.
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Appendix F
Post-Test

Climate Change Post-Test
Participant ID: ________________
This quiz consists of twenty multiple-choice questions where each question has one and
only one correct answer. Please answer all questions. Thanks!

1. Which of the following factors directly influences the concentration of greenhouse gases?
(a) Cl2 Emissions
(b) H2 Emissions
(c) CH4 Emissions
(d) He Emissions
2. Which of the following factors directly influence CO2 emissions?
(a) Fossil Fuel Usage
(b) Agricultural Practice
(c) Land Use
(d) Deforestation
3. Which of the following factors is NOT affected by global sea level rise?
(a) Storm Damage
(b) Erosion
(c) Chronic Flooding
(d) Volcanic Activity
4. Which of the following factors is influenced by changes in the Earth‟s climate?
(a) Solar radiation
(b) Albedo
(c) Eustatic Sea level
(d) Renewable energy sources
5. Which of the following factors will be influenced by a change in the radiative balance on the
Earth?
(a) Solar radiation
(b) Geophysical Processes
(c) Volcanic Activity
(d) Distribution of Rainfall
6. Which of the following factors is a major cause of CFC Emissions?
(a) The need for space heat
(b) The number of automobiles on the road
(c) The number of aircraft in the skies
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(d) The need for space cooling
7. Which of the following ways CANNOT effectively reduce the concentration of greenhouse
gases?
(a) Reduce fossil fuel usage
(b) Protect plants
(c) Reduce solar radiation
(d) Use nuclear energy
8. Which of the following factors does NOT influence industrial energy usage?
(a) Consumer Demand for Goods and Services
(b) Population Migration
(c) Use of Nuclear Energy
(d) Use of Renewable Energy Sources
9. Which of the following factors has the least influence on population migration?
(a) Fresh Water Supply
(b) Temperature Distribution
(c) Soil Moisture
(d) Chronic Flooding
10. Which of the following factors has the least influence on the concentration of greenhouse
gases?
(a) Use of Nuclear Energy
(b) Population Migration
(c) Use of Renewable Energy
(d) Agricultural Practice
11. Which of the following factors is NOT influenced by agricultural practice?
(a) CO2 Emissions
(b) N2O Emissions
(c) CH4 Emissions
(d) CFC Emissions
12. Which of the following factors does NOT influence changes in the climate?
(a) CO2 Emissions
(b) Deforestation
(c) Geophysical processes
(d) Salt water intrusion in aquifers
13. Which of the following factors does NOT directly influence the concentration of greenhouse
gasses in the atmosphere?
(a) CO2 Emissions
(b) CI2 Emissions
(c) CFC Emissions
(d) N2O Emissions
14. Which of the following factors will NOT be influenced by changes in climate?
(a) Solar Radiation
(b) Distribution of Storm Frequency and Severity
(c) Sea Level

90
(d) Distribution of Rainfall
15. Which of the following factors will be influenced by global sea level rise?
(a) Albedo
(b) Storm damage
(c) Volcanic activity
(d) Total water vapor in atmosphere
16. Which of the following factors influences land use?
(a) Transportation
(b) Buildings
(c) Agricultural Practice
(d) All of above
17. Which of the following factors is influenced by fossil fuel usage?
(a) CH4 Emissions
(b) CO2 Emissions
(c) N2O Emissions
(d) O2 Emissions
18. How do greenhouse gases affect the climate?
(a) Greenhouse gases emit CO2 gas to the atmosphere.
(b) Greenhouse gases influence Land Use.
(c) Greenhouse gases change Albedo.
(d) Greenhouse gases change Radiative Balance.
19. Which of the following factors is NOT influenced by a change in the Earth‟s temperature
distribution?
(a) Albedo
(b) Ecosystem Services
(c) Building Energy use
(d) Recreation
20. Which of the following specific factors has the least influence on the concentration of
greenhouse gases in the atmosphere.
(a) Cars
(b) Air Conditioners
(c) Aircraft
(d) Cigarettes
Thanks for your time!
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Appendix G
Participant Survey

Participant Survey
Participant ID: ________________
Instructions: This survey consists of a total of _____ questions. Please answer these questions
accurately and honestly. Take your time filling out this survey and consider each question
carefully. Your responses are very important.
1. What is your gender? Female / Male (circle one)
2. What is your age (in years)? _____________
3. What is your current education level? (circle one from below)
High School
Freshman
Sophomore
Junior
Senior
Super Senior (> 4 years)
Graduate School
4. What is your declared major at Penn State (if applicable)? Write your response in the space
beneath this question. If you have more than one major, list all of them.
5. What is your declared minor at Penn State (if applicable)? Write your response in the space
beneath this question. If you have more than one minor, list all of them.
6. Is English your first language? YES / NO (circle one)
7. If English is NOT your first language, what is your first language? __________________
8. How much time do you spend, on average, playing online games? (circle one and qualify your
response using single values or intervals, e.g., 4-8 hours per day)
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5-point Likert Scale Questions from Strongly Disagree, to Strongly Agree
9. The activity was interesting.
10. The activity was challenging.
11. The activity was easy
12. The activity was engaging.
13. The activity was exciting.
14. The activity was frustrating.
15. The activity was fun.
16. The activity was educational.
17. I now know more about climate change than I did before completing the activity.
18. I have participated in similar activities in the past.
19. The activity prepared me for the post-test.
20. The activity provided me with enough information to do well on the post-test.
21. I am satisfied with the quality of information I received about climate change through
this activity.
22. Activities like the one I engaged in to learn about climate change are boring.
23. My motivation to learn about climate change is greater than my motivation to learn
about most other topics.
24. I hope teachers will use more activities like this in my courses.
25. The activity was appealing.
26. I understand more about climate change after completing this activity.
27. The activity changed by beliefs about climate change.28. Describe what you learned
about climate change from this activity (open question).
29. Global warming is occurring now.
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30. I am quite sure that climate change is occurring now.
31. I do not believe that global warming is real.
32. The evidence for climate change is weak and unconvincing.
33. Nature is valuable for its own sake.
34. I need time in nature to be happy.
35. It makes me sad to see natural environments destroyed.
36. Humans are as much a part of the ecosystem as other animals.
37. I plan to take some actions to stop climate change.
38. I personally do not intend to do much to stop global warming.
39. I will make some efforts to mitigate the negative effects of global warming.
40. I intend to take concrete steps to do something to mitigate the negative effects of
climate change.
41. I plan to vote for government programs to preserve rain forests.
42. I purchase energy efficient appliances whenever I replace old appliances.
43. Environmental concerns guide my voting behavior.
44. I plan to purchase the cheapest goods and electronics available and not consider
environmental costs.
45. I played this game before (circle one). YES / NO
46. The game play instructions were easy to understand.
47. The user interface was intuitive.
48. It was easy to see how well I was doing in the game.
49. The game provided useful feedback on my performance.
50. It was quick to learn how to play the game.
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51. The game became easier with time.
52. The use of animation, color, shape and other visual effects aroused my interest.
53. I do not like the game.
54. I would play the game again on my own time.
55. What stands out about the LinkIT game? Please describe. (open question)
56. Should the LinkIT game be improved? If so, how? (open question)
57. How would / could you cheat in the LinkIT game? (open question)
58. How else might someone misuse (e.g., troll, grief, exploit) the LinkIT game? (open
question)

