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Environments
by Dominic Kao
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and Computer Science on January 25, 2018,

in partial fulfillment of the requirements for the degree of Doctor of Philosophy

Abstract

With the current proliferation of educational games, MOOCs, and with the pervasive use
of virtual identities such as avatars in systems ranging from online forums to virtual reality
simulations, it is increasingly important to understand the impacts of avatars. Over two years,
I led an initiative in MIT’s Imagination, Computation, and Expression (ICE) Laboratory
conducting experiments involving > 10,000 participants to understand the impacts of virtual
identities on users in virtual environments. Using a computer science learning platform
and game of our own creation as an experimental setting, we have been studying the
impacts of avatar use on users’ performance and engagement in computer science learning
environments. This is a topic of increasing importance in human-computer interaction
[69, 130, 132, 310, 452, 549]. While a great deal of work focuses on procedural thinking
and problem solving, we argue that attending to learners’ identities and their engagement
to be equally important. We systematically explored the impacts of different avatar types
on users, beginning with distinctions between anthropomorphic vs. non-anthropomorphic
avatars, user likeness vs. non-likeness avatars, and other conditions informed by insights
from the learning sciences and sociology. Our studies have revealed that avatars can support,
or harm, performance and engagement. Several notable trends are: 1) simple abstract
avatars (such as geometric shapes) are especially effective when the player is experiencing
failure, e.g., while debugging, 2) likeness avatars (avatars in a user’s likeness) are not always
effective, 3) role model avatars (in particular scientist avatars) are often effective, and 4)
successful likeness avatars that are a user’s likeness when doing well and otherwise abstract
are effective. We describe our studies leading to these findings and end with a follow-up
study.

Thesis Supervisor: D. Fox Harrell
Title: Professor of Digital Media and Artificial Intelligence
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Chapter 1

Introduction

1.1 Motivation

Educational technologies such as adaptive learning systems, educational games, and Massive

Open Online Courses (MOOCs) have proliferated in recent years [564]. In 2015, the

Entertainment Software Association (ESA) estimates that 155 million Americans play

video games, 4/5 U.S. households own a device used to play video games, and 42% of

Americans play video games regularly (3 hours or more per week) [148, 289]. Moreover,

97% of teachers use digital games created specifically for education, and 70% of teachers

say they see increases in student engagement while using educational games [482]. Given

the widespread and growing use of such technologies, which invariably involve virtual

identities such as user profiles and avatars, it is important to better understand their impacts

and to establish innovative and best practices [283]. This dissertation is encouraged by

other research that has highlighted the urgency for more widespread computational literacy

[67, 132, 304], and researchers like Veeragoudar Harrell who have argued for the importance

of affective disposition towards the content and identification as a Science, Technology,

Engineering, and Math (STEM) learner and doer [529]. For instance, studies show that

representations of learners’ social identities impact performance and engagement, e.g., via

triggering stereotypes [503]. When learning occurs with virtual identities as intermediaries,
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such as avatars in an educational game, it is unclear how the use of virtual identities may

impact learners.

1.2 MazeStar Platform

To investigate this problem, we developed our own learning platform called MazeStar [291],

containing within it both a Computer Science learning game called Mazzy and a flexible

editor for students to build their own game levels. See Figure 1-1. Specifically, the MazeStar

platform is a contribution along three axes:

• An experimental setting for studying the impacts of virtual identity and other phe-

nomena, along with robust data tracking and a number of possibilities for virtual

identity creation, with over 10,000 participants having taken part in controlled studies.

• A computer science learning framework which uses maze-solving to combine game

play and game-making—extending to a wide array of computing concepts from basic

programming like loops and conditionals, to human-computer interaction, design, and

iterative prototyping, to more theoretical topics like search algorithms, all with heavily

streamlined features including built-in image search and automatic website creation

for sharing made games.

• A focus on virtual identity as a key component to students’ trajectories as computer

science learners.

1.3 Experimental Overview

Taking an HCI approach, we have run studies using the MazeStar platform as a testbed

for online experimentation. Our emphasis in these studies have been on user performance

(their progress in mastering computer science concepts such as search, block structuring,

and control structures) [225] and engagement (affective engagement, flow, and other issues

related to user immersion) [56]. Our measures involve a combination of implicit (i.e.,
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Figure 1-1: MazeStar platform components.

amount of time played, number of problems solved, etc.) and explicit (i.e., robustly validated

surveys such as the Player Experience of Needs satisfaction scale [474]) measurements

as well as open-ended responses. Participants in our experiments are recruited from the

online crowdsourcing platform Amazon Mechanical Turk, which studies have indicated is a

reliable platform for conducting experiments [360]. For reasons of experimental validity,

our experiments use a between-subjects design—i.e., participants are randomly assigned to

a single condition for the entire duration of the experiment. Table 1.1 has a summary of the

experiments conducted along with the number of participants recruited in each experiment.

1.4 Design Principles

Here I state the design principles that have arisen as a result of this work. The following

design principles will be of interest to makers of educational environments and digital

contexts more generally:
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1. Using avatars that resemble users when they are doing well, and appear more

minimally or abstractly otherwise, is encouraged whenever possible. The research

in this dissertation, which defines these as successful likeness avatars, has shown

that they result in improved user performance and engagement [286]. For example,

applied to a mail client or a social network like Facebook, your icon would change

between a likeness of yourself or abstract depending on the positivity of your news

feed, or a message you received. The essence of this principle is selectively promoting

detachment and identification at key moments of the digital experience.

2. Using avatars that resemble role models is encouraged whenever possible. The

research in this dissertation has shown that role model avatars increase both the en-

gagement and performance of users [277, 279, 285, 290]. For example, playing as

an admired and positively influential scientist, politician, business person, artist, or

doctor depending on context. The criteria for an effective role model is perceived

competence, similarity, and success, therefore role models should represent successful

figures with demographic overlaps with users.

3. Use embellishment with trade-offs in mind. The research in this dissertation has

shown that embellishment increases engagement, but decreases performance and

self-efficacy [289]. For example, in an educational context, embellishment can be

reduced to promote performance and self-efficacy, while in an entertainment context

embellishment can be used more liberally.

4. Using positive or neutral encouragement is encouraged whenever possible. The

research in this dissertation has shown that positive (e.g., “Keep it up!”, “Don’t give

up!”, “You’re almost there”) and neutral (e.g., “You are doing standard work”, “You’re

doing average”, “You’re doing typically”) encouragement text increases engagement

[288]. For example, encouragement text can be spoken by a game character, or simply

appear at the bottom of the screen periodically.
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Experiment N
Shape vs. Likeness #1 258
Shape vs. Likeness #2 250
NoAvatar vs. Likeness 182
Shape vs. Friend 208
Likeness vs. EasyLikeness 128
ScientistText vs. ShapeText 224
Shape vs. Scientist 399
Shape vs. InstantLikeness 446
Shape vs. RoleModel 357
Shape vs. Scientist vs. Athlete 1067
Phantoms vs. Non-Phantoms 523
Successful Likeness 997
Red vs. Blue 507
Feedback Positive vs. Negative vs. Neutral vs. Nothing 645
Mini-Game Loss vs. Near-Win vs. Win 366
Game Theme Basic vs. Circuit vs. RPG vs. Choice 1171
Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice 1230
Badge Type Comparison; 6 Conditions 2189

Table 1.1: Experiment Summary

5. Promoting avatar identification is encouraged whenever possible. The research in

this dissertation has shown that avatar identification promotes higher engagement,

self-efficacy, time spent, and even quality of created artifacts [290]. For example,

giving users the ability to customize their avatars is one simple way of increasing

identification.

In the remainder of the thesis you will read about the work that led us to these principles.
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(a) A sample Shape avatar. (b) A sample Likeness avatar.

Figure 1-2: Sample avatars from the successful likeness experiment.

1.5 Findings Summary

Here, I summarize the notable findings from our experiments (for a more thorough break-

down of the data, see the Experimental Overview chapter):

Avatar-Based Outcomes:

• Simple avatars often outperform complex avatars [286]. This could be for a

number of reasons. Seductive details [178], e.g., more complex, more embellished,

etc. can be a distraction, outcome dissociation [286], e.g., non-human avatars promote

less identification with failure, stereotype threat mitigation [503], e.g., simpler avatars

contain fewer salient identity characteristics, and the Uncanny Valley, e.g., “almost”

human avatars elicit revulsion [388].

• Scientist role model avatars are extremely effective [277, 279, 285]. Within a CS

programming environment, all participants experience increased engagement while

using scientist role model avatars, while female participants experience the most

significant increases. Female participants often have significant increases in their play

performance and reported engagement through using a well-known scientist as their

avatar (e.g., Marie Curie), as compared to participants that used a well-known athlete

as their avatar (e.g., Serena Williams), or a simple abstract shape (e.g., Triangle).

• Successful likeness avatars can likely outperform any existing avatar types [286].
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We have discovered a new type of avatar, what we term the successful likeness. This

is a simple abstract avatar when the user is in the trial-and-error process and a likeness

of the user only when the user achieves a goal. Compared to users that used only

an avatar that was always simple abstract, or always a likeness of the user, or a

likeness of the user when the user was in trial-and-error and a simple abstract avatar

upon achieving a goal, these successful likeness participants played significantly

longer and completed significantly more levels. We propose that these results can be

explained by a model in which identification facilitates vicarious outcomes, and in

which detachment facilitates outcome dissociation [286].

• Red avatars cause significant decreases in engagement and avatar affect com-

pared to blue avatars [287]. Research has consistently shown that red reduces mood,

affect and performance in cognitive-oriented tasks [146, 190, 244, 271, 314, 329, 374,

376, 493]. For example, Lichtenfeld et. al showed that even just peripherally noticing

red (e.g., hidden in a question, in the copyright notes at the end of a page, etc.) can

have similar effects [329]. Prior work on first-person shooter (FPS) multiplayer games

have hypothesized that blue teams are at a disadvantage because they “see red” [251].

We provide the first study to show that this effect is true in a single-player context

[287]. This red-blue discrepancy was higher for male players than for female players.

• Badges and avatar identification promote positive outcomes [290]. We have found

that badges can promote avatar identification (personal interest, role model), player

experience (achievement, role model), intrinsic motivation (achievement, role model),

and programming self-efficacy (role model) during both game play and game making.

Independently of badges, avatar identification promotes player experience, intrinsic

motivation, programming self-efficacy, and the total time spent playing and mak-

ing. Avatar identification also promoted other meaningful in-editor activity, such as

playtesting time, etc. and led to significantly higher overall quality of the completed

game levels (as rated by 3 independent externally trained QA testers) [290].

Other Outcomes:

• Positive and neutral encouragement text displayed at regular intervals (e.g.,
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“Keep it up!”), significantly increases engagement as compared to no text or neg-

ative encouragement text [288]. Encouragement is different from feedback, in that

it does not necessarily encode information about performance [303, 384, 444, 478].

Regularly dispensed encouragement, operationalized as text appearing at the bottom

of the screen—both positive (e.g., “You’re doing good”) and neutral (e.g., “You’re

doing average”) significantly increased player engagement as compared to negative

(e.g., “You’re doing badly”) or none.

• More embellished game backgrounds cause players to have significantly de-

creased game performance and significantly decreased programming self-efficacy

but significantly increased engagement [289]. Research suggests that the addi-

tion of seductive visual details in video games hinders performance of learners

[178, 455, 513]. Yet, other research results propose the opposite: that visual em-

bellishments and well-designed ambiguity instead improve learners’ performance,

engagement, and self-efficacy [488, 517, 554]. To shed light on this apparent contra-

diction, we implemented the following four game themes: 1) Generic theme with no

embellishments (simple flat color background), 2) Fantasy game theme (forest, snow,

and desert adventure backgrounds), 3) STEM-oriented theme (computer circuitry

background), and 4) Choice (the user picks one of the previous three options). Generic

condition participants had highest performance (levels) and had highest programming

self-efficacy—followed by choice, fantasy game setting, circuitry. However, ordering

of conditions for engagement was precisely opposite the trend for performance. These

are trade-offs between two diametrically opposed approaches to game themes and

embellishment: instrumental game skins vs. thematic and deliberately embellished

game skins [289].

1.6 Generalizability

Our measures from assessing the impacts of virtual identity (performance, engagement,

and identification) might also apply to other tasks. Our work has implications to gener-
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alize beyond education settings to any task that may involve using a virtual identity, e.g.,

social networks like Facebook or LinkedIn, virtual reality simulations for educational and

entertainment purposes, military virtual control enabling applications, remote teleconfer-

encing virtually and/or robotically, conversational agents [84, 85] and other autonomous

agents [347], and so on. Our work lies at the intersections of human-computer interaction,

computer-supported collaborative learning, and games engineering. This thesis will follow

with these core sections: 1) the Related Work in which I shall describe related research, 2)

the MazeStar Platform where I describe our system and its individual constituents, 3) the

Experimental Overview in which I shall describe the general experimental approaches taken,

4) the Experiments where I shall discuss our experiments in detail, 5) the Conclusion in

which I shall have concluding remarks.
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Chapter 2

Related Work

This work studying the impacts of avatars in computational learning environments builds on

work from avatars, pedagogical agents, cognitive science and stereotyping, constructionism

and computational thinking, adaptive learning, and various other strands of psychology,

human-computer interaction, and artificial intelligence. This chapter summarizes relevant

prior work.

2.1 AIR Project

This builds upon the Advanced Identity Representation (AIR) project [218], which consti-

tutes approaches to analyzing and designing social categorization systems across diverse

forms of virtual identity ranging from avatars to social media profiles. It is grounded in

approaches to cognitive categorization and social classification from cognitive linguistics

and sociology, along with HCI approaches for implementing and evaluating results. Harrell

describes six components that exist in the majority of computational identity technologies

(see Figure 2-1).

Identifying these components serves to both provide an appropriate level of abstraction

to analyze representations across different applications, and also to identify components
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Figure 2-1: Basic components of computational identity applications.

that can be analyzed both in terms of how they appear visually and are implemented in

the back-end. The AIR project identifies several important limitations found in popular

computational systems, such as games (e.g., “Attributes are reduced to statistics”), social

networks (e.g., “Community membership is a binary model”), and virtual worlds (e.g.,

“Identity representations do not express becoming or mixing”). These limitations are often

ones that exist in most popular systems whether commercial, noncommercial, educational,

etc. The AIR project is one lens through which we can begin to critically analyze these

media.

2.2 Blended Identities

Harrell describes digital self-representations as selective projections of some aspects of a real

player (e.g., preferences, control, appearance, personality, understanding of social categories,

etc.) onto the actual implemented, virtual, representation [219]. As such, Harrell’s notion

of a “blended identity” is an approach based on looking at structural mappings from one

domain to another that is central to the understanding of virtual identities in this project
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[218]. This concept builds upon James Gee’s notion of the “projective identity,” which can

be described as “manifesting the ways that real player values are reconciled with values

understood as being associated with avatars.” [183, 222]. This concept also relies upon

metaphor theory [315] and conceptual blending theory [154]. Relating in-game behavior

to real-world identities, such as demographic segments [330, 331] has demonstrated useful

insight into understanding how to match interaction mechanisms in digital media systems

such as games to users in order to provide the most appropriate supports. Such supports

can have strong impacts on user behaviors, such as has been shown by research on the

“proteus effect,” a phenomenon in which users conform to expected behaviors and attitudes

associated with an avatar’s appearance [560]. For example, two of the earliest studies found

that participants with taller avatars were more aggressive, and that participants with more

attractive avatars were more confident. Here, our focus is on matching avatar uses with

supports for computer science learning by diverse players.

2.3 Identification and Similarity

There is an abundance of work both in studying avatars and on pedagogical agents (i.e.,

virtual pedagogical agents, teaching agents, etc.) that guides our work. In particular, a large

body of work has shown that avatars and agents that share users’ external characteristics

(e.g., age, gender, race, clothing, etc.) are more influential and are linked to better learning

outcomes [18, 22, 32, 202, 265, 299, 438, 464]. This is posited to be a result of similarity-

attraction, the theory that people are attracted to similar others [79, 256]. Functional

neuroimaging has found that perceived similarity is an important factor in a person’s ability

to simulate the internal state of another person [378]. Likewise, Mobbs et. al found that when

a participant watched a game show contestant with high perceived similarity, the participant

experienced significant increases in both subjective and neural responses to vicarious reward

[380]. Other work suggests that what is experienced by an avatar is also experienced by

its user [83, 243, 386, 546, 558]. This effect is more powerful via avatars that we identify

with [141, 528], identification being positively correlated to such factors as representation of
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emotions and intent [212], physical resemblance [346], and avatar customization [520]. For

instance, Birk, Atkins, Bowey and Mandryk, divided participants into two groups, one that

customized their avatar and another that watched a video of someone customizing an avatar.

Those participants that customized their avatar had increased identification. Furthermore,

participants’ identification with their avatars significantly predicted various measures related

to engagement such as affect, immersion, and amount of time playing [47].

2.4 Stereotyping

Avatars can be pivotal in enabling our capacities to put ourselves inside other identities.

However, the unfortunate consequence is avatars can also be used to reinforce stereotypes and

perpetuate hegemonic views, e.g., women as victims of violence. For example, stereotype

threat is the risk of confirming, as self-characteristic, a negative stereotype about one’s group

and originates from a study by Steele and Aronson [503]. Stereotype threat has been studied

in relation to avatars [283, 445]. For example, Ratan and Sah showed that participants using

a customized male avatar had higher subsequent math performance than participants using a

customized female avatar [445].

2.4.1 Stereotype Threat

Blue Eyes/Brown Eyes Exercise

A good illustration of stereotype threat is Jane Elliott’s well-known exercise involving eye

color and brown collars. As an exercise to demonstrate racial segregation to her class, Elliott

based the exercise on eye color rather than skin color. For the first day of the exercise,

the blue-eyed children were designated the superior group. The brown-eyed children were

asked to wear brown fabric collars such that they could easily be identified. Blue-eyed

children were given extra privileges such as second helpings at lunch, five more minutes

of recess, etc. Furthermore, the blue-eyed children were encouraged to play only with the
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blue-eyed classmates and to ignore the brown-eyed ones. The “superior” group became

arrogant, their grades were better, they completed math and reading tasks beyond their

previous abilities. The “inferior” group scored worse on tests and isolated themselves. These

stigmatized students barely paid attention in class. They only spoke when they were spoken

to. They responded slowly and lethargically. Yet, when the exercise was reversed, such

that the blue-eyed students became the stigmatized group wearing the collars, those same

brown-eyed students responded with exuberance and adeptness—their status appeared to be

“an actual component of their ability” [504].

Minimal Conditions for Bias

Henri Tajfel demonstrated the “minimal group effect”—that the minimal conditions for

favoritism is categorization into a group, no matter how arbitrary the criteria for that

categorization [511]. In one well-known experiment, 64 boys were asked to quickly judge the

number of dots flashed on a screen. They were then supposedly classified as “overestimators”

or “underestimators” depending on their counts—in actuality these labels were assigned

completely at random. Each boy was then asked to assign small amounts of money to two

other boys—when both of the boys were from the same group as the one assigning the

money, they allocated the money as equally as possible. But when they were allocating

between two boys, one from within their own “estimator” group and the other from the other

“estimator” group, they unfailingly favored their own group [511].

No One Is Unaffected by Stereotypes

Stereotype threat has been typically framed as a phenomenon affecting currently under-

represented groups, particularly in the United States where many of these studies took

place, and especially women and African Americans. In reality, stereotype threat affects

anyone from white males [16], Asian Americans [495], European Americans [510], men on

a test of social sensitivity [306], French students [109], older Americans [232], etc. Merely

the physical presence of other people of the same or different social category evokes or
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suppresses stereotype threat [252]. Stereotype threat appears to occur more strongly when

the individual identifies strongly with the stereotyped group. However, stereotype threat

generally has but one requirement—that the person care about their performance in the

stereotyped domain.

Physiological Effects

The exact physiological processes underlying stereotype threat appear to stem from stress

arousal, performance monitoring, and efforts to suppress negative emotions and thoughts

[485]. Stereotype threat disrupts working memory and executive function [253, 484], heart

rate [110], blood pressure [53], arousal [40], self-consciousness about one’s performance

[36], and cause a suppression of negative emotions like anxiety [264]. When a large amount

of cognitive resources are spent worrying about and ruminating on various facets related to

performance pressure, individuals tend to perform worse on the task.

Threat Mitigation

Some approaches that have been found to mitigate against stereotype threat include per-

suading the participant that intelligence is malleable and can be improved through effort

[17, 194], self-affirmations or writing about values of importance to oneself [100], giving

participants a sense of social belonging within the social group [535], etc.

Role models are another avenue for reducing stereotype threat [78, 93, 139, 340, 341, 357,

372]. In one such study, participants read anywhere between 0-4 biographies of successful

women. All the participants then took a difficult math test. The female participants that did

not read any biographies performed worse than men. However, the more biographies that

female participants read, the better they performed. Those female participants that had read

four biographies performed at the same level on the math test as the men [372, 373].

There are three factors that can increase a role model’s effectiveness. The first is the

perception of the role model as competent [358]. The second is sharing common attributes
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such as gender or race, since they are seen as an ingroup member that has overcome

stereotypes [340, 357]. The third is that the role model should have achieved success [78].

One aspect studied in this thesis is role model avatars [277, 279, 285].

Criticism

Sackett, Hardison, and Cullen report that Steele and Aronson’s original findings have

been widely misinterpreted—many popular presses, scientific articles, and psychology

textbooks cite Steele and Aronson’s article as evidence that eliminating stereotype threat

completely eliminates the African American–White test score gap [476]. Sackett et. al

indicate that with stereotype threat removed in Steele and Aronson’s study, an achievement

gap of approximately one standard deviation remains. Steele and Aronson state that it

is a minsinterpretation of their study to cite that eliminating stereotype threat eliminates

completely the test score gap [477].

Others argue that the evidence for stereotype threat is very weak, and that the level of

enthusiasm is not commensurate with the evidence and thus could hamper the potential

for effective interventions [508]. Some have suggested that the field of stereotype threat is

inflated by publication bias [163]—many of the studies that do not find positive effects are

left unpublished. Critics have argued this to be a serious concern if the results are being

used to make recommendations for interventions [177]. Critics have mainly questioned

stereotype threat’s generalizability and the extent to which it truly explains differences in

academic achievement contexts. Jussim questions whether its widespread acceptance is

partly due to a narrative of egalitarianism that is “profesionally risky to challenge” [272].

Overall, there is a fair amount of criticism being leveled at stereotype threat. However, there

are equally large amounts of evidence for stereotype threat, e.g., replications in different

domains [504]. Stereotype threat exists—however, its actual effect size is debated.
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2.5 Avatar Impacts on Engagement and Performance

To the best of our knowledge, there has not been extensive work on the impacts of avatars

on player engagement and performance. Linebarger et. al compared four avatar types on

task performance in a virtual environment and concluded that “simpler, less computationally

expensive avatar representations are quite adequate” [336]. More recently, Domínguez et. al

explored the impact of avatar color on performance in a virtual scavenger hunt, although

their results are so far “not conclusive” [134].

2.6 Constructionism

Constructionism is a theory of learning in which learners construct mental models for

understanding the world. Cornerstones of this theory include student-based discovery

learning, whereby students learn via bridges to their pre-existing knowledge and learning

through production of shared artifacts [416]. Constructivism is a separate theory of learning

from which constructionism is derived [431].

2.6.1 Constructionism’s Beginnings

Seymour Papert said of learning that it “happens especially felicitously in a context where

the learner is consciously engaged in constructing a public entity, whether it’s a sand castle

on the beach or a theory of the universe” [416]. Papert felt strongly that the “instructionist”

approach towards education (similar to what Freire would term a “banking” concept of

education [168]), which involved explicit verbal instruction, was a deficient educational

approach. He said that a person can make two types of (scientific) claims about construc-

tionism. The weak claim is that constructionism suits some learners better than traditional

instructional approaches. The strong claim is that it is better for everyone.

In the seminal book Mindstorms, Papert describes “Turtle Geometry”—an environment for
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programming an icon of a turtle trailing lines across a computer display—as drawing upon

the child’s pre-existing pleasure and knowledge of motion. This helps provide one bridge

towards more formalized notions of geometry [413]. Piaget’s constructivism demonstrated

that children learn fundamental mathematical ideas through their own “false” theories first,

such as preconservationist mathematics. Papert describes these “false” theories as being

fundamentally necessary to one’s learning path, whereas these theories would be rejected

outright in school. Rather, children’s unorthodox theories are not deficiencies or cognitive

gaps, but rather ways of “flexing cognitive muscles” and working through towards more

skillful orthodox understandings [413]. One of the questions Piaget asked children was

“What makes the wind?” Most children gave their own theories, like “The trees. I saw them

waving their arms” [415]. Despite the incorrect theory, Papert indicated that this was still

demonstrative of skill in theory building—a strong correlation does indeed exist between

the wind and tree branches waving [413].

Papert described early experience with “Turtle Geometry” as a good way to “get to know”

more formalized subjects through some of its powerful ideas [413]. This relates to what Lave

and Wenger term “legitimate peripheral participation” [318], what Crowley and Jacobs con-

sider “islands of expertise” [111], and what Shaffer terms an “epistemic frame” [491]—all of

which describe how beginners can slowly become experts, with their expertise extending far

beyond the boundaries and consequences of the original activities. Constructionism places a

heavy emphasis on breaking knowledge up into “mind-size” bites—similar to James Gee’s

“incremental principle” [182]—making knowledge more communicable, assimilable and

“constructable” [413]. Almost three decades later, Papert’s original ideas on constructionism

remain relevant and have become ubiquitous in how learning theorists and educators aim to

revamp traditional teaching methods.

2.6.2 Constructionism in the Present

Blikstein argues that “making” in education is becoming democratized—tasks and skills

previously only available to experts have become widely learnable [55]. Most notable



38 CHAPTER 2. RELATED WORK

are programming environments like Scratch [452] and NetLogo [551] that have brought

coding to millions of students. For physical-based artifacts, Blikstein describes the rise of

the “digital fabrication lab,” tracing a lineage spanning the Lego Mindstorms kit and the

Cricket [353, 354] (a programmable creature) to recent developments like student-created

interactive textiles [74, 75], interactive 3D worlds [105], cybernetic creatures [442, 487], etc.

He argues that a school that values sports will build a gym and basketball court, a school

that values music will build a music room, but that no such analagous space exists in terms

of digital “making” [55].

Assessment has traditionally been a challenge in constructionist environments due to the

number of variables that go into the process of constructing an artifact [54]. Philosophically,

there may be valid counter-arguments as to the effectiveness of existing assessments (or

even if assessment is necessary), however, researchers have argued that some alignment

with assessment is necessary to prompt wider-scale policy changes [42]. Berland argues

that “educational data mining” or “learning analytics” can help provide quantitative insights

into constructionist environments without abandoning its richness [42]. Researchers view

constructionist environments as an area of tremendous potential. Ito has characterized

software into three categories: academic, entertainment, and construction, with construction

having the most profound influence in that they allow the authoring and remixing of “media

worlds” [257].

2.6.3 Modding and Constructionism

In games, we are witnessing a veritable rise of videogames and virtual environments that

could be considered “constructionist” platforms. Skyrim, Minecraft, and LittleBigPlanet

3 are all games with “modding,” taken up by gamers with enthusiasm, e.g., [437]—as of

September 2016, Skyrim has more than 28,000 modifications on Valve’s Steam Workshop.

Counter-Strike, Team Fortress, League of Legends, and Dota 2 are all games that themselves

are direct descendants of “mods.” Games like Roblox marketed for children and teenagers

aged 8-18, which has—as of July 2016—15 million monthly active users [460], allow
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users to texture their avatars from scratch. The next generation of gamers will grow up

expecting an unparalleled control over virtual identities. Dota 2 allows hobbyist modelers

to create custom items, effects, and textures for the more than 110 heroes available [176].

Items that are accepted through Steam Workshop—a curated process involving both Valve

and crowdsourced ratings [524]—nets the original modeler 25% of all revenue [396];

successful modelers receive $3,000 - $6,000 USD per month. While the monetary rewards

are driving the number and expertise of the modelers upwards [533], modelers also cite other

motivational factors: creative skills improvement, peer recognition, etc. [396]. “Modding”

is not new—it has existed since the 1980s [436]—but gradually systems and processes have

been put in place by developers to both lower the barrier to entry and to incentivize the act

of building. Games like StarCraft, Warcraft, Trackmania [421]—and countless others—all

shipped with official “level” editors, and could be reskinned using either official or unofficial

tools. The Sims, Whyville, Second Life [221], all have a significant “meta-game” around

making “things” for an avatar, e.g., “face-parts” in Whyville [275], animated textures in

Second Life [475], clothes in The Sims [231], etc. This constructionist trend is also occurring

in Computer Science education, e.g., [67, 75, 291]. However, the Steam Workshop is

currently the platform for user-driven content, supporting—as of 2016—almost 500 titles

[525]—with adoption of the platform even being predictive of higher user ratings [305].

2.6.4 Instantaneous Selves

In the near future, the barrier to entry for “modding” will be non-existent. The technology

is here—it is now possible to create a fully rigged, personalized 3D facial avatar from

hand-held video—i.e., from a cell-phone camera—that can be animated in realtime [248].

Scanning our bodies, and any material objects, into a virtual world will require only standard

consumer devices. Developing high-quality 3D hair models from a single 2D image can

now be done [87]—we can imagine the vast online world of 2D images that can be quickly

transformed to their 3D counterparts. Example-based stylization [161], “wear-and-tearing”

arbitrary textures [37], complex real time hair simulations [86], are just some of the examples
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that will further lower the barrier to entry to “modding”. As suggested in [284], automatic

avatar generation in a specific art-style—with specific alterations—is possible right now.

2.7 Computational Thinking

Computational thinking is most widely understood through Cuny, Snyder, and Wing’s

definition [555]:

Computational Thinking is the thought processes involved in formulating

problems and their solutions so that the solutions are represented in a form that

can be effectively carried out by an information-processing agent.

Historically, computational thinking was a term first used by Seymour Papert in 1980 [412,

414], and in the ensuing decades has taken on different aliases albeit with philosophically

similar definitions—computational literacy, which focused more on computing as a medium

for exploration [131], and procedural literacy, which focused more on computational thinking

in the context of new media art and design [58, 361, 492]. Here, I review the most widely

understood definitions of computational thinking, and mention some of the ongoing criticism.

2.7.1 What Is Computational Thinking?

While the precise definition for computational thinking has existed in various forms [9, 201,

466, 555], the general consensus is that it represents thinking like a computer scientist when

confronted with a problem [201]. In 2017, the AP Computer Science Principles course was

launched to over 2,700 high schools and over 45,000 students [103], the largest AP course

launch to date. Developed by the College Board and the National Science Foundation, CS

Principles has the following seven organizing principles:

1. Computing is a creative human activity that engenders innovation and promotes

exploration
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2. Abstraction reduces information and detail to focus on concepts relevant to under-

standing and solving problems

3. Data and information facilitate the creation of knowledge

4. Algorithms are tools for developing and expressing solutions to computational prob-

lems

5. Programming is a creative process that produces computational artifacts

6. Digital devices, systems, and the networks that interconnect them enable and foster

computational approaches to solving problems

7. Computing enables innovation in other fields including science, social science, hu-

manities, arts, medicine, engineering business

According to Grover and Pea [201], the following elements are generally accepted as being

foundational to computational thinking:

• Abstractions and pattern generalization (including models and simulations)

• Systemic processing of information

• Symbol systems and representations

• Algorithmic notions of flow of control

• Structured problem decomposition (modularizing)

• Iterative, recursive, and parallel thinking

• Conditional logic

• Efficiency and performance constraints

• Debugging and systematic error detection

More specifically, in a context of design-based activites in Scratch, Brennan and Resnick

define their own computational thinking framework [67]:

• Computational Concepts

– Sequences

– Loops

– Events

– Parallelism
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– Conditionals

– Operators

– Data

• Computational Practices

– Being incremental and iterative

– Testing and debugging

– Reusing and remixing

– Abstracting and modularizing

• Computational Perspectives

– Expressing

– Connecting

– Questioning

While various frameworks exist for defining computational thinking, there is universal

agreement that computational thinking is broadly important in virtually all subject areas: as

varying as biology, astronomy, archaeology, chemistry, economics, journalism, law, medicine

and healthcare, meteorology, neuroscience, sports, etc. [555]. The broad applicability of

computational thinking is perhaps most aptly described by Wing [555]:

Consider these everyday examples: When your daughter goes to school in

the morning, she puts in her backpack the things she needs for the day; that’s

prefetching and caching. When your son loses his mittens, you suggest he

retrace his steps; that’s backtracking. At what point do you stop renting skis and

buy yourself a pair?; that’s online algorithms. Which line do you stand in at the

supermarket?; that’s performance modeling for multi-server systems. Why does

your telephone still work during a power outage?; that’s independence of failure

and redundancy in design. How do Completely Automated Public Turing Test(s)

to Tell Computers and Humans Apart, or CAPTCHAs, authenticate humans?;

that’s exploiting the difficulty of solving hard AI problems to foil computing

agents.
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Wing says of computational thinking that “Ubiquitous computing is to today as computa-

tional thinking is to tomorrow. Ubiquitous computing was yesterday’s dream that became

today’s reality; computational thinking is tomorrow’s reality” [555].

2.7.2 Initiatives

There is widespread support for making computational thinking more prevalent from industry

(e.g., Google, Microsoft, etc.), government (e.g., NSF, U.S. Congress, etc.), and international

efforts more broadly (e.g., UK’s British Royal Society, universities and other organizations

worldwide, etc.). There are numerous K–12 efforts for strengthening computational thinking

such as the Georgia Computes! alliance, the AP CS Principles course, and the Exploring

Computer Science curriculum. Moreover, there are countless environments and tools that

support computational thinking, e.g., Scratch, Alice, MIT App Inventor, NetLogo, Game

Maker, Kodu, the Arduino, etc. But despite the widespread agreement that computational

thinking will be crucial to the world’s ecology, there are numerous debates and criticisms

[28, 201].

2.7.3 Criticism

Computational thinking has been criticized for having multiple interpretations, for being

vague, and for lack of clarity on what CS is as a discipline [201]. For example, whether

computational thinking should be incorporated into education as a general topic, a discipline-

specific topic, or a multidisciplinary topic [107]. As a result, some researchers have devel-

oped more discipline-constrained models of computational thinking [541]. There is even

the question of whether computational thinking is sufficiently different from other types of

thinking that humans develop as a matter of course. But advocates of computational thinking

posit that computational thinking uniquely has as a central focus “information processes”

[120, 201, 555]. Likely the most long-standing issue—and not only of computational think-

ing but educational environments more broadly—is that of transfer. How can one evaluate
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computational thinking, and its transferability? For example, “Now that the student can

program Space Invaders, can the student program a science simulation?” [201, 308]. These

ongoing contentions will continue to shape the future of computational thinking research.

2.8 Adaptive Learning

Adaptive learning/intelligent tutors have been part of the AI movement since the 1970s.

Adaptive learning has sought to improve and make more effective the learning experience

for users. Generally, models of adaptive learning systems involve:

• Expert Model (the actual information to teach)

• Student Model (information about the student)

• Instructional Model (how the information is taught)

• Instructional Environment (the user interface)

However, work has heavily focused on the manipulation and understanding of content.

Adaptive highlighting of textbook content [371], integration of content into social networks

[494], focusing on why students answer certain problems incorrectly (e.g., [537]), are a few

examples. Or, when there has been a focus on the student, it has been in the way of learning

styles [90, 158] or other knowledge/concept-based models. Surprisingly, very few systems

have endeavored to model identity (social/virtual)—this is despite their clear importance in

the literature [503, 560]. Work in education has only been tangential to the topic of identity,

such as virtual agents that share our gender [32], detecting students’ emotional state [197],

and questionnaires seeking to model students learning through self-efficacy (“even if the

work is hard, I can learn it”), etc. [377].



2.9. OTHER SYSTEMS/GAMES THAT TEACH COMPUTER SCIENCE 45

2.9 Other Systems/Games That Teach Computer Science

Other games and systems have been used to teach programming and/or CS principles.

Non-exhaustively, these include the Logo programming language and associated turtle

graphics [343], the Scratch environment [452], Alice [105] and Storytelling Alice [294],

NetLogo [550], MIT App Inventor [557], Gidget [319], LightBot [2], CodeCombat [3],

BOTS [233], RoboBuilder [540], Greenfoot [309], AgentSheets and AgentCubes [449],

Code.org exercises [99], the Arduino [75], Kodu Game Lab [509], Game Maker [98, 407],

Gogo Boards [498], the STELLA programming language [308], and others [226].
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Chapter 3

The MazeStar Platform

In this section, I describe the MazeStar platform in more depth. See Figure 3-1 for an

overview. I begin by describing the game (Mazzy) and its components, then the editor and

its components, and finally the shared components between the two.

3.1 The Game

The experiments take place in a STEM learning game called Mazzy [278]. Mazzy is a game

in which players solve levels by creating short computer programs. In total, there are 12

levels in this version of Mazzy. Levels 1-5 require only basic commands. Levels 6-9 require

using loops. Levels 10-12 require using all preceding commands in addition to conditionals.

See Figures 3-2 and 3-3.

3.1.1 Command Types

Table 3.1 describes the types of commands that players use in Mazzy. As seen in Figure 3-3,

the player can select from different modes, each of which correspond to one command type.

Within their respective modes, all commands are input using the keyboard’s W (up), A (left),
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Figure 3-1: MazeStar platform components.

Figure 3-2: Level 1 in Mazzy introduces the
basic game mechanics

Figure 3-3: Level 6 introduces looping
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S (down), and D (right) keys. This maps directly to the directionality specified in each of the

command types, with the exception of the repeat command. The repeat command is created

with the A, or D keys. Number of iterations is increased with W, and decreased with S, with

the input caret in between the beginning and ending symbols. If there are multiple nested

loops while incrementing and/or decrementing, the innermost loop with respect to the input

caret is modified.

All commands can be deleted in batch by highlighting and using the keyboard’s delete

key—that is, commands are treated in a similar way to text within a text editor. In the case

of the repeat, if safe, and if obst, commands, should only an opening bracket or closing

bracket be caught in a user delete, the corresponding other bracket will also be removed.

Because both the instantiation of these command types and the deletion of these command

types always involves the opening and closing bracket, it is not possible at any time to have

a beginning or ending bracket without the other.

3.1.2 Command Limits and Compilation Errors

By design, compilation bugs, run-time errors, infinitely executing programs, etc. are not

possible in Mazzy. A program will run with a blank program, a single empty conditional, a

loop with 0 iterations, etc. In these cases, the player character remains stationary. However,

every level has a command limit. This is effectively a maximum number of commands to

constrain the possible solution set for a given level. While many of the later levels involving

loops could be solved just by using enough walk and jump commands—command limits

increase game difficulty and enforce usage of the more complex command types. The player

is unable to run their program if they pass a level’s command limit. In Mazzy, all commands

count as 1 command, except the jump command which counts as 2.
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Command Symbol Effect

Move
Moves the character one space in the direction
specified.

Jump
Moves the character two spaces in the direction
specified. The first space can be an obstacle.

Repeat
Loops commands in between starting and end
symbols a specified # of times. Can be nested.

If Safe
Conditional check if the space in the direction
specified is safe. Successful check means
commands in brackets will run. Can be nested.

If Obst
Conditional check if the space in the direction
specified is an obstacle. Successful check means
commands in brackets will run. Can be nested.

Table 3.1: Mazzy Commands

3.1.3 Level Overview

See Tables 3.2 and 3.3 for screenshots of each Mazzy level as well as sample possible solu-

tions. For a video of completing these levels, see http://youtu.be/n2rR1CtVal8.

3.1.4 Correct Solutions

In Mazzy, a program is correct if the character (or all characters, in the later levels) reach a

goal space within the command limit. Characters stop executing the program the moment

they land on a goal space. With multiple characters in a single level, each character

independently executes its own version of the program in parallel.

Generally, there are many correct solutions. A jump command can always be used in place

of two consecutive walk commands in the same direction, experienced players can use

loops/conditionals before they are introduced, conditionals can be flipped, loops/programs

can be longer than necessary so long as the character or all characters reach the goal,

many tricks exist for optimizing and shortening programs by exploiting the command

http://youtu.be/n2rR1CtVal8
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Level Screenshot A Sample Solution

1

2

3

4

5

6

Table 3.2: Levels 1 through 6
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Level Screenshot A Sample Solution

7

8

9

10

11

12

Table 3.3: Levels 7 through 12
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types/mechanics, etc.

3.1.5 Computing Concepts Covered

Computing concepts directly covered in Mazzy itself include sequencing commands, loops,

conditionals, block structuring, and parallelism/concurrency. Players inevitably are required

to repeatedly test and debug their programs, which is in line with other computational

practices such as being incremental and iterative.

3.1.6 Previous Versions

Mazzy’s development was an iterative process. Feedback was solicited on prototypes, as

well as throughout all experiments. Here, I detail the first version of Mazzy that was used

for early experiments. This version was significantly different, and is described here for

completeness.

First Version

The first version of Mazzy used in experiments was prototyped over the course of 4 user

evaluations (with 16, 24, 41, and 27 participants respectively). These user evaluations were

a mix of both in-person participants at MIT, and online participants via Amazon Mechanical

Turk and Reddit. Early feedback from users centered around desiring more instructions on

how to play the game. This was in large part because early prototypes had no instructions,

only just-in-time (JIT) hints that would appear depending on the user’s progress. These JIT

hints would periodically fade in and out to bring the user’s attention to perform an action.

See Figures 3-4 and 3-5. Other types of feedback that users provided related to desiring

higher graphics fidelity, a larger game window that could be maximized, more challenging

levels, etc.
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Figure 3-4: JIT hint to click the panel Figure 3-5: JIT hint to use arrow keys

Final Build of First Version

For a video of the final build for this first version, see http://youtu.be/j0TI4MH2rsY.

The final build had 3 playable levels. See Figure 3-6. The first level involved simply pro-

gramming the character to exit the maze. The second level involved programming three

characters in parallel to each individually find the appropriate exit. The third level had fixed

programs for all three characters; the user had to instead program the level to ensure that

only the correct character made it to the exit. Users could still read the programs of each

character in the final level, but could not change them. Each level had up to three bonus

items that could be collected by the characters with more complex/difficult player solutions.

In this first Mazzy version, each level had an animated repeating tutorial. These tutorials

simulated mouse clicks through a gray circle denoting a mouse click, and keyboard presses

through a small keypad would appear and highlight pressed keys. Tutorials solved a

conceptually similar, but simplified, level. See Figure 3-7 for still-frames. An icon could

also be hovered over for text explaining the current objective and other tips.

Each level generally started with “stub” code, a program that executed but only moved

the player character a few spaces in the correct direction. Upon the player executing a

program, each command (arrow) would be highlighted in yellow as it was being executed.

For multiple characters running concurrently, players could switch between each of the

characters’ programs during execution and see the current command being executed for

each individual character. This command highlighting was in effect a debugging support.

http://youtu.be/j0TI4MH2rsY
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Figure 3-6: Levels in first version of Mazzy.
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Figure 3-7: Animated tutorials.

Lastly, this first version of Mazzy could scale to any browser size to accommodate both

smaller and larger/maximized displays.

Version Listing

For a full listing of Mazzy versions, the differences between them, as well as links to

playable builds, see Table A.1.

3.2 Experiment Controller

The experiment controller is a sub-module of MazeStar that performs all experiment-

related operations. This includes condition randomization, enabling/disabling dozens of

functionalities such as in-game surveys (e.g., asking the user to rate a specific level’s

difficulty), controlling the avatar type of the user, controlling whether early quitting of the
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Figure 3-8: Blank 11x11 map. Figure 3-9: Grass and water tiles.

game is enabled, tutorials, difficulty setting, per-level experimental manipulations (such as

changing the avatar when a specific condition is met in the game level), loading avatars of

other players who have recently played the game and running the code they had used (as a

hint-support), reskinning level backgrounds, and a host of other functionalities related to

experimental set-up.

3.3 The Editor

At a high-level, the editor allows players to create their own Mazzy game levels, and then

share those levels through links and automatically generated webpages. Each map consists

of a grid of tiles, each of which can be textured separately and modified logically to be a

safe or unsafe tile for the player to step on. The maps can be any size (from 1x1 to any size

that is able to be handled in browser memory). See Figure 3-8.

3.3.1 Editor Basics

Within the editor, players move the view of the current working map using W, A, S, and D

on the keyboard. They can save maps and open previously saved maps. On the left hand

side is a panel that allows players to add different elements to the maps. In the first tab of

this panel, players can set the start and goal location of the player (the start being where
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Figure 3-10: Stickers. Figure 3-11: Searching for “cat”.

the player will initially spawn, the goal location being where they intend the player to try

to reach, though the latter is not necessary for playing the map). The second tab contains

textures for the tiles themselves, which can be placed on each of the grid squares. See

Figure 3-9.

3.3.2 Stickers

The third tab on the left hand side panel contains textures for stickers, which are aesthetic

images that appear overtop of the grid and do not affect the game logically. These stickers

can be translated, rotated, and rescaled using the Z, X, and C keys respectively to switch

modes. In Figure 3-10, two stickers have been placed, with the trash bin sticker currently

selected and currently in rescale mode.

3.3.3 Custom Images

Players can not only use the tiles and stickers that are pre-loaded with the editor, but also

(using the plus icon shown in Figure 3-9 and Figure 3-10 at the bottom of the left-hand

panel) can search for images and import them directly. See Figure 3-11 and Figure 3-12.
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Figure 3-12: Placed search item. Figure 3-13: Playing the “cat” map.

3.3.4 Testing a Map

Maps are periodically saved automatically to prevent data-loss in the event that the user

should accidentally quit the browser without saving or in the event of a CPU crash. To test

their maps, players can click on the play icon at the top-center of the screen. This simulates

playing the map that they have created. See Figure 3-13.

3.3.5 Sharing a Map

When satisfied with their map, players can then share their map either using: a) an automati-

cally generated tinyURL link (Figure 3-14), or b) an automatically generated website (see

Figure 3-15, Figure 3-16, and Figure 3-17). In the latter case, the website is a permanent

record of their map and does not change (unless the user re-generated the website in which

case the old one is overwritten). The automatic website generation involves the Unity

program communicating with Javascript, which in turn communicates with the server using

PHP. In both cases, using a link or webpage, visiting players can play the created map

directly (for a visiting player, they jump straight into playing the map without needing any

account credentials, going through the editor, etc.—similar to sharing a file on Google Drive

or Dropbox publicly).
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Figure 3-14: Sharing a direct link. Figure 3-15: Sharing a website.

Figure 3-16: Generated webpage. Figure 3-17: Map feedback form.

3.3.6 Example Player-Created Maps

In this section, I share 16 Amazon Mechanical Turk player-created maps. Average creation

time for these 16 maps was 21.9 minutes (SD = 18.4). Players played Mazzy (for as little or as

long as they liked), then were given a brief tutorial (M = 4.8 minutes, SD = 2.4) on how to use

the editor. The tutorial introduced basic functionalities of the editor: panning/zooming, play-

testing, searching for tiles/stickers, sticker manipulation using scaling/rotation/translation,

and creating blank maps. In their version of the editor, no default images were provided

for tiles/stickers (all images as part of their maps are searched for by players themselves

through the editor’s image searching functionality). These maps were selected on the basis

that they appeared be effective and/or creative. See Figures 3-18, 3-19, 3-20, 3-21, 3-22, 3-

23, 3-24, 3-25, 3-26, 3-27, 3-28, 3-29, 3-30, 3-31, 3-32, and 3-33. The player-given map

name, gender, and age are in each caption. The map shown in Figure 3-34 was instead made

during a week-long workshop at a Boston high school. The student’s self-selected theme
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Figure 3-18: “HomeRoad” features a variety of assets. M/29.

was a critique of social media.

3.3.7 Image Search

This component of MazeStar handles searching and importing user-selected images. Al-

though images and avatars can also be uploaded directly from a user’s machine, this

component allows users to search for images on the internet and have them displayed and

imported directly into MazeStar. This is implemented using Javascript and PHP. In order

to bypass crossdomain security issues related to retrieving images, a PHP script simulates

an actual user to connect to and retrieve each image individually. Image type information,

etc. is automatically extracted, at which point the image is converted to a byte array that is

transferred back to Unity C# via Javascript. While this process is constant regardless of the

external source domains of the images, it currently interfaces with Microsoft Azure (i.e.,

Bing).
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Figure 3-19: “Lava Jump” has a basic, but effective design. M/20.

Figure 3-20: “Picnic Time” creatively uses stickers to make the path “fuzzier.” F/24.
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Figure 3-21: “Summer Days” creatively uses tiles/stickers to create a horizon and sky. F/36.

Figure 3-22: “The ground is Lava” is a simple and visually cohesive map. M/31.
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Figure 3-23: “Starcraft theme” is . . . a starcraft theme. M/29.

Figure 3-24: “Map1” requires going the long way. M/27.
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Figure 3-25: “Island volcano” is a large 30x30 map. M/32.

Figure 3-26: “LavaZone” uses a variety of different-colored tiles to good (gradient) effect.
M/25.
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Figure 3-27: “4Corners” features different habitats. M/40.

Figure 3-28: “Crossing the Stream” requires a large number of staggered jumps. F/24.
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Figure 3-29: “solar system” features different planets. M/24.

Figure 3-30: “Perils and party guys” is colorful. F/32.
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Figure 3-31: “jennymap” is also colorful, and has a “retrographics look.” F/29.

Figure 3-32: “Garden” is a long map like many scrolling games. M/21.

Figure 3-33: “The Ground is Lava” features an unorthodox use of perspective. F/35.
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Figure 3-34: “Twitter Logo” features a critique of social media. F/17.

3.3.8 Databases

The various back-end databases that store persistent data in the MazeStar platform.

Account Database

This is the database that stores all MazeStar usernames and passwords. Also contains e-mail

addresses, IP addresses, connection attempts, a value indicating whether the e-mail has

been validated or not, etc. See Figure 3-35 for an image of the login screen. The accounts

database also contains avatars (associated account id, name, image byte data, currently

active, etc.).

Maps Database

This is the database that stores all MazeStar user-created maps. In addition to storing the

map data itself (width, height, name), also stores custom tiles (name, safe or not, image

byte data), custom stickers (name, width, height, image byte data), actual instances of tiles
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Figure 3-35: MazeStar login screen.

(associated map, x and y coordinates, etc.), actual instances of stickers (associated map, xyz

location, rotation, and scale, etc.) and other metadata (start location, goal location, etc.).

Metrics Database

This database was previously used for an experiment that involved showing players “shadows”

of previous players in each of the levels (to see if this could act as a type of programming

help support or possibly a competition mechanic). This database contains player IDs, player

avatar data (such that exact replicate avatars could be reproduced in other people’s games,

including color, gender, shape, etc.), player code for each game level, timestamps, etc.

3.3.9 Session Handler

This is an internal component that tracks all pertinent data relevant to usage of the MazeStar

platform. Variables such as amount of time creating or choosing an avatar, link to avatar

(if the avatar was an external image), the experiment condition, experiment-specific data

values (e.g., avatar name, pre-test ratings, etc.), time played, survey ratings after each level

(if enabled), number of attempts, number of hints, and time taken for each level, and an
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Figure 3-36: Built-in avatar creator.

array of other data tracking that can be enabled. The handler packages all the data into a

single encoded string for easily exporting to, e.g., Mechanical Turk, Qualtrics, etc.

3.3.10 Avatar Creators

There are a variety of different ways that the platform’s avatar creation process can take

place depending on the current needs. These different ways are described here.

Custom Made

This component is a built-in avatar creator1 that we created that can be used to create the

avatar appearing both in the game and in the editor while making game levels. A variety

of different facial features can be selected and colored. See Figure 3-36, Figure 3-37, and

Figure 3-38.

1These assets were used to develop an automatic portrait creator based off a user’s photo that could be used
for studies where an instant customized avatar was desired requiring no user intervention, though is not in live
use now (http://youtu.be/MH2Ww-r46Xc; [284]).

http://youtu.be/MH2Ww-r46Xc


72 CHAPTER 3. THE MAZESTAR PLATFORM

Figure 3-37: Example avatar faces. Figure 3-38: Two full-body avatar examples.

Mii Creator / AIRvatar

The Mii Creator has been used in numerous studies related to MazeStar. Moreover, recently

MazeStar has been integrated with AIRvatar, a system for studying virtual identities and

user behavior while creating and customizing virtual identities [332, 333]. AIRvatar/Mii

Creator are currently coupled with MazeStar to make avatar creation seamless. Specifically,

AIRvatar caches generated avatars into browser local storage, and MazeStar then retrieves

those cached avatars, uploads them, and saves them to a user’s account. See Figure 3-39.

Internal Pool

There are numerous pools of avatars already available inside MazeStar, generally used for

experimental purposes (e.g., a pool of well-known scientists, athletes, abstract shapes, etc.).

External Interfaces

While avatars can be uploaded from disk (local hard drive), there exist a variety of other

methods that MazeStar can use to scrape user-chosen avatar images (from imgur.com, Bing,

Google, etc.).
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Figure 3-39: Creating a Mii.

3.3.11 Computing Concepts Covered

Computing concepts/practices encouraged through the MazeStar editor include quick pro-

totyping, playtest and evaluation, and re-design stages. This is aligned with design-based

models from human-computer interaction, which encourage design-create-evaluate iterative

cycles (with each cycle becoming increasingly complex and higher investment). Being

incremental and iterative, i.e., starting small and simple, is widely understood to be a good

approach towards product-building in virtually all domains. Technological supports for

this include seamless switching between playtesting/creating, sharing web links to one’s

game, and sharing webpages with a feedback form. Feedback on one’s map might include

visual appeal, fun, difficulty, clarity, etc. These are at once artistic, design, and engineer-

ing problems. Thinking through how other players might approach one’s level, or about

how to approach other players’ levels and how they could be subsequently improved, in

addition to being an integral part of iterative prototyping, also invokes concrete program-

ming concepts. With additional facilitation, this can lead to thinking about maze-solving

more abstractly/generally, such as search algorithms like breadth-first search and depth-first

search.
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Chapter 4

Experimental Overview

This chapter is meant to provide an overview of our experiments and work to date. If you

would like a high-level overview of the work that was carried out, this is likely a good chapter

to look at. If you are interested in only a specific experiment or a specific result, the next

chapter looks at each experiment separately and therefore may be more suitable. However,

this chapter provides additional value as it can help facilitate a higher-level understanding of

our research values and aims.

I re-iterate the main findings from our studies (also previously stated in the introduction) at

the end of this chapter. These findings represented what appeared to be the most consistent

and powerful findings (i.e., multiple different studies confirmed it and/or it appeared to be a

robust and convincing result). However, for the sake of conciseness, this subset necessarily

leaves out other potentially interesting results from this high level overview, the full list of

which can be found under each individual experiment in the next chapter.

4.1 Methods Overview

Table 4.1 provides a listing of the experiments that will be discussed in this thesis, along with

sample sizes and designs. Here, I elaborate on our experimental methods used throughout
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Experiment N
Shape vs. Likeness #1 258
Shape vs. Likeness #2 250
NoAvatar vs. Likeness 182
Shape vs. Friend 208
Likeness vs. EasyLikeness 128
ScientistText vs. ShapeText 224
Shape vs. Scientist 399
Shape vs. InstantLikeness 446
Shape vs. RoleModel 357
Shape vs. Scientist vs. Athlete 1067
Phantoms vs. Non-Phantoms 523
Successful Likeness 997
Red vs. Blue 507
Feedback Positive vs. Negative vs. Neutral vs. Nothing 645
Mini-Game Loss vs. Near-Win vs. Win 366
Game Theme Basic vs. Circuit vs. RPG vs. Choice 1171
Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice 1230
Badge Type Comparison; 6 Conditions 2189

Table 4.1: Experiment Summary from Intro.

those experiments.

4.1.1 Measures

In this section, I describe the measurement instruments used in our studies. This is non-

exhaustive, and includes ones that were recurring and/or important. Roughly, each of these

are connected to the following constructs of interest:

• Player Experience of Needs Satisfaction (PENS–engagement)

• Game Experience Questionnaire (GEQ–engagement)
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Experiment Measures
Shape vs. Likeness #1 PERF
Shape vs. Likeness #2 PERF
NoAvatar vs. Likeness PERF
Shape vs. Friend PERF
Likeness vs. EasyLikeness PERF
ScientistText vs. ShapeText PERF
Shape vs. Scientist PERF
Shape vs. InstantLikeness PERF
Shape vs. RoleModel PERF
Shape vs. Scientist vs. Athlete PERF, GEQ
Phantoms vs. Non-Phantoms PERF, GEQ
Successful Likeness PERF, GEQ
Red vs. Blue PERF, GEQ
Feedback Positive vs. Negative vs. Neutral vs. Nothing PERF, GEQ
Mini-Game Loss vs. Near-Win vs. Win PERF, GEQ, PENS, CPSES
Game Theme Basic vs. Circuit vs. RPG vs. Choice PERF, GEQ, PENS, CPSES
Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice PERF, GEQ, PENS, CPSES
Badge Type Comparison; 6 Conditions PERF, PENS, CPSES, IMI, PIS

Table 4.2: Instruments Used by Experiment

• Computer Programming Self-Efficacy Scale (CPSES–computational identity)

• Intrinsic Motivation Inventory (IMI–engagement)

• Player Identification Scale (PIS–virtual identity)

• Performance (PERF–performance)

Note that each questionnaire/scale is almost inevitably more broadly applicable than the

construct for which we use it for, although each of those represent our main interest in the

particular instrument. Sometimes, multiple instruments from the same construct of interest

are used in the same study as additional coverage/reliability. For example, engagement

is fundamentally important to learning environments [56], and self-efficacy is a strong

predictor of women’s career choices, especially in regards to STEM fields [45, 410, 566].

See Table 4.2 for a summary of measures used in each experiment1. Experiments listing only

performance (PERF) used other methods not listed above, e.g., in-game polls/questionnaires,

etc.

1Experiment conditions will be described later in this chapter and in the next chapter.
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Player Experience of Needs Satisfaction

We use the 21-item Player Experience of Needs Satisfaction (PENS) scale [474] that

measures the following dimensions:

1. Competence

2. Autonomy

3. Relatedness

4. Presence/Immersion

5. Intuitive Controls

The PENS instrument is based on self-determination theory (SDT) [116]. SDT asserts that

there are three psychological needs that motivate individual behaviors that are universal,

innate, and psychological: competence (seek to control outcomes and develop mastery

[547]), relatedness (seek connections with others [30]), and autonomy (seek to be causal

agents [94] while maintaining congruence with the self). SDT posits that these needs are

vital to well-being. PENS contends that the psychological “pull” of games are largely due to

their ability to engender these three needs [474]. PENS is consistently viewed as a robust

framework for assessing player experiences [124, 458].

Game Experience Questionnaire

We use the 42-item Game Experience Questionnaire (GEQ) [114, 249, 250, 395, 435] that

measures the following dimensions:

1. Flow, e.g., I felt completely absorbed.

2. Sensory and imaginative immersion, e.g., It was aesthetically pleasing.

3. Competence, e.g., I felt skillful.

4. Challenge, e.g., I felt challenged.

5. Tension, e.g., I felt frustrated.

6. Positive affect, e.g., I felt content.
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7. Negative affect, e.g., I thought about other things.

The GEQ is both a widely used and recognized instrument [402].

Computer Programming Self-Efficacy Scale

Self-efficacy represents the belief in one’s ability to succeed, either in a particular situation,

or at a particular task [24]. The Computer Programming Self-Efficacy Scale (CPSES) is a

scale for measuring programming self-efficacy. It consists of a validated 32-item scale that

measures the following dimensions:

1. Independence and persistence

E.g., Find ways of overcoming the problem if I got stuck

at a point while working on a programming project.

2. Complex programming tasks

E.g., Organize and design my program in a modular manner.

3. Self-regulation

E.g., Find a way to concentrate on my program, even

when there were many distractions around me.

4. Simple programming tasks

E.g., Write logically correct blocks of code using C++.

Intrinsic Motivation Inventory

The Intrinsic Motivation Inventory (IMI) [367] assesses intrinsic motivation using four

dimensions:

1. Interest/Enjoyment, e.g., I enjoyed doing this activity very much.

2. Effort/Importance, e.g., I put a lot of effort into this.

3. Pressure/Tension, e.g., I felt very tense while doing this activity.

4. Value/Usefulness, e.g., I believe this activity could be of some value to me.
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Player Inventory Scale

The Player Inventory Scale (PIS) measures avatar identification [526], which consists of

three second-order factors:

1. Similarity identification, e.g., My character is similar to me.

2. Embodied presence, e.g., In the game, it is as if I become one with my character.

3. Wishful identification, e.g., I would like to be more like my character.

Performance

Performance refers to the progress made in Mazzy as operationalized by the number of

levels completed. Finer-grained distinctions are sometimes made, such as an analysis of the

number of user attempts, number of hints, etc.

4.1.2 Recruitment

Participants are recruited via Amazon Mechanical Turk (AMT). AMT is a platform in

which individuals can post Human Intelligence Tasks (HITs), e.g., marketing questionnaires,

research studies, etc. Studies in a wide range of disciplines—social psychology, cognitive

psychology, clinical psychology, etc.—have asserted that AMT provides data as good as

more traditional methods, e.g., recruiting participants from college campuses [76, 352].

AMT workers tend to represent a more diverse sample than the U.S. population [41, 76,

88, 242, 255, 411, 514]. Many studies have shown AMT to be a reliable platform for

experiments e.g., [76, 360].

Concerns Regarding Mechanical Turk

Researchers have argued that AMT participants may be “nonnaïve” as a result of having

completed the same or very similar task before [89]. With a relatively large participant
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pool spanning multiple studies, this is a valid concern. From the beginning, we carefully

screened participants that had taken any previous study of ours—on the technical side, this

was done by assigning each participant a flag that disqualified them from taking any future

study of ours through a HIT requirement, i.e., each of our 10,000+ participants is a unique

participant. Since our research environment was developed from scratch, there is minimal

concern that they have experienced a similar HIT.

Other Precautions

We take a number of other precautions with Mechanical Turk workers:

• Limit HITs to workers with an acceptance rate > 90% or 95%

• Look for signs that a worker did not take the HIT seriously:

– Bogus answers in free-text responses

– Missing player data

– Multiple surveys with zero variance between items

– etc.

4.1.3 Design

We exclusively use a between-subjects experiment design (see Table 4.1). This means that

participants are randomly assigned to one of a number of conditions. Methodologically, this

is one of the most robust approaches to conducting experiments—counteracting carryover

condition effects since participants are only exposed to one condition, and inter-subject

differences since these will even out through random assignment.

A Note on Within-Subjects Designs

Within-subjects designs expose all participant to every condition. This is challenging

when the conditions are substantially different avatars, and it may appear odd/suspicious
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to the player were the avatar to change seemingly at random throughout the course of an

experiment. Given the challenge with validity in the context of our theoretical questions,

within-subjects designs are considered to be non-optimal.

4.1.4 Data Analyses

Data analyses generally involve the following:

• Statistical Analysis (t-test, ANOVA, MANOVA, chi-square test, etc.)

• Machine Learning (SVM, random forest, etc.)

• Other Computational (sentiment analysis, etc.)

• Other Qualitative (grounded theory, etc.)

4.2 Data Overview

The following is an aggregate overview of the data from the first 17 experiments listed in

Table 4.1. These data exclude the badges study listed in Table 4.1. This overview also

excludes studies not reported on in this thesis.

4.2.1 Participants Overview

See Figure 4-1 for a demographic profile of our participants. 4 out of the 17 studies, early

pilot studies, did not collect demographic data, but are included for completeness. Race and

gender data were collected in the same way as the current U.S. census.

Gender. We observe that 58% of participants identified as male and 42% female.

Race. We observe that 77% of participants identified as white, 6% as black or African

American, 1% as American Indian or Alaska Native, 6% as South Asian, 2% as Chinese,

1% as Filipino, 0.4% as Japanese, 0.8% as Korean, 0.6% as Vietnamese, and 4.8% other.
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Figure 4-1: Demographic Profile
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Age. We observe that the average participant’s age was 30.8 (SD = 9.8).

Education. We observe that most participants either had completed a bachelor’s degree

(34.8%), or partial college (34.4%); while smaller numbers of participants held a graduate

degree (master’s or doctorate) (13.3%), an associate’s degree (12.2%), or partial to full

completion of high school (5%).

Household Income. We observe that most participants had a household income of $25,000–

$37,499 (17.5%), or $12,500–$24,999 (17.1%). Smaller numbers of participants had a

household income of $37,500–$49,999 (13.7%), < $12,500 (13.3%), or $50,000–$62,499

(12.0%). Fewer participants had a household income of $100,000 or more (9.2%), $62,500–

$74,999 (6.7%), $75,000–$87,499 (5.8%), or $87,500–$99,999 (4.8%).

4.2.2 Summative Data Overview

The following is a table of all data described here: http://groups.csail.mit.

edu/icelab/dkao/ALL_DATA.png. The table consists of two sections, a sample

portion of the upper section is found in Figure 4-2, and a sample portion of the lower section

is found in Figure 4-3. I now describe the two sections of the table in more detail.

Upper Section

The slice described here is from the upper section (Figure 4-2). Numbers in parentheses

are performance and engagement (0-100), with the top number being the former and the

bottom one below the asterisks being the latter. The Version Mean row is the mean across all

participants in a particular game version (i.e., not discerning between avatar types). Roughly

speaking, a performance > 50 means on average, participants completed > half the game,

and engagement 50 means participants were neutral about the experience.

http://groups.csail.mit.edu/icelab/dkao/ALL_DATA.png
http://groups.csail.mit.edu/icelab/dkao/ALL_DATA.png
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Figure 4-2: Example Data Slice; Upper
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Figure 4-3: Example Data Slice; Lower

Lower Section

The slice described here is from the lower section (Figure 4-3). Numbers in parentheses

represent deltas from the mean for all participants within a particular game version. For

example, choosing and using a shape avatar had an overall +3.02 effect on performance, and

a +0.91 effect on engagement, as compared to all participants in all studies for game version

#02. Therefore, we can read these numbers as relative to the entire demographic listed at the

top. An asterisk by a number means this comparison is significant using a t-test (* p < .05,

** p < .01, *** p < .001).

2More specifically, the +/- is the mean of a specific row’s participants minus the mean of participants in
that game version (including that row’s). The t-test also does a similar comparison, but to all other participants
in the same game version (excluding that row’s).
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Supporting Information

Appendix A is a summary of game versions. Appendix B shows how aggregate performance

and engagement statistics were calculated across all experiments. Appendix C is a summary

of the experimental protocols.

Both experimental protocol and game version differ somewhat between avatar types due

to iterative development. This includes other potential inter-experiment differences, such

as time of testing during the calendar year. Although the table can be a good estimation at

capturing the data, it is a rough guide only.

Overall Demographic Averages

The following figures summarize performance, engagement, and playtime averages over all

demographics:

• Performance: Figure 4-4.

• Engagement: Figure 4-5.

• Playtime: Figure 4-6.

Studying demographic differences is not the purpose of this work, but I do note there are a

couple obvious trends. For instance, age appears correlated to engagement, and even moreso

with playtime, but age is inversely correlated to performance.

4.3 Experimental Trajectory

Overall, we find that avatar type significantly affects performance/engagement in across

virtually all participants. These results constitute work establishing baseline understandings

in an area of research that is underdeveloped. Our aim is motivated by a convergence of

research in the social sciences establishing that identity plays an important role in learning.
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Our goal is not to say that one avatar is definitely better than another avatar—but rather to

establish some baseline understandings regarding how avatars impact us differently.

4.3.1 Trajectory

As there are an infinite possible number of representations (e.g., animals, mythical creatures,

people, famous people, your friends, furniture, indeed anything that can be used as your

avatar representation)—while some assumptions can be made based on the social science

literature, a lot of how these avatars impact us is simply unknown—it is necessary to explore

varied representations.

Our experimental trajectory was initially based on understanding differences between

anthropomorphic vs. non-anthropomorphic avatars, user likeness vs. non-likeness avatars,

and investigating many sub-cases of each of these. For example, for non-anthropomorphic

avatars we initially investigated various shape avatars, minimal (just a black dot) avatars,

etc. For anthropomorphic we looked at Nintendo Miis that users customized in their own

likeness, photos of users’ actual faces, Miis customized in their best friend’s likeness,

etc. We then began to investigate famous scientists based on the social science literature

suggesting that priming role models can improve academic performance. We expanded

upon this by allowing users to Google image-search their own role models (e.g., Spiderman,

famous actors, politicians, presidents, athletes, business magnates, musicians, etc.), or

Google image-search their own shapes. We later refined this experiment into a larger-scale

experiment comparing a pool of scientist avatars, to a pool of athlete avatars, to a pool of

shape avatars. We then moved on to avatars that change during gameplay, since a large body

of work suggested that identification facilitated vicarious outcomes, and detachment may

facilitate outcome dissociation. Finally, we have studied other contextual and peripheral

factors around avatars, such as presence of other players’ avatars, the color of the avatar

(in the case of a single color geometric shape), encouragement or lack thereof, winning vs.

losing vs. nearly winning at an unrelated task prior to the experiment, and embellishment of

background graphics.
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4.3.2 Main Findings

Overall, we found that avatar type significantly affects performance/engagement in across

virtually all participants. These results constitute work establishing baseline understandings

in an area of research that is underdeveloped. Our aim is motivated by a convergence of

research in the social sciences establishing that identity plays an important role in learning.

Here, I summarize a few of the notable findings from these experiments. This same summary

is found at the end of the Introduction. These findings represented what appeared to be the

most consistent and powerful findings (i.e., multiple different studies confirmed it and/or it

appeared to be a robust and convincing result). However, for the sake of conciseness, this

subset necessarily leaves out other potentially interesting results, the full list of which can

be found under each individual experiment in the next chapter.

Avatar-Based Outcomes:

• Simple avatars often outperform complex avatars [286]. This could be for a

number of reasons. Seductive details [178], e.g., more complex, more embellished,

etc. can be a distraction, outcome dissociation [286], e.g., non-human avatars promote

less identification with failure, stereotype threat mitigation [503], e.g., simpler avatars

contain fewer salient identity characteristics, and the Uncanny Valley, e.g., “almost”

human avatars elicit revulsion [388].

• Scientist role model avatars are extremely effective [277, 279, 285]. Within a CS

programming environment, all participants experience increased engagement while

using scientist role model avatars, while female participants experience the most

significant increases. Female participants often have significant increases in their play

performance and reported engagement through using a well-known scientist as their

avatar (e.g., Marie Curie), as compared to participants that used a well-known athlete

as their avatar (e.g., Serena Williams), or a simple abstract shape (e.g., Triangle).

• Successful likeness avatars can likely outperform any existing avatar types [286].

We have discovered a new type of avatar, what we term the successful likeness. This
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is a simple abstract avatar when the user is in the trial-and-error process and a likeness

of the user only when the user achieves a goal. Compared to users that used only

an avatar that was always simple abstract, or always a likeness of the user, or a

likeness of the user when the user was in trial-and-error and a simple abstract avatar

upon achieving a goal, these successful likeness participants played significantly

longer and completed significantly more levels. We propose that these results can be

explained by a model in which identification facilitates vicarious outcomes, and in

which detachment facilitates outcome dissociation [286].

• Red avatars cause significant decreases in engagement and avatar affect com-

pared to blue avatars [287]. Research has consistently shown that red reduces mood,

affect and performance in cognitive-oriented tasks [146, 190, 244, 271, 314, 329, 374,

376, 493]. For example, Lichtenfeld et. al showed that even just peripherally noticing

red (e.g., hidden in a question, in the copyright notes at the end of a page, etc.) can

have similar effects [329]. Prior work on first-person shooter (FPS) multiplayer games

have hypothesized that blue teams are at a disadvantage because they “see red” [251].

We provide the first study to show that this effect is true in a single-player context

[287]. This red-blue discrepancy was higher for male players than for female players.

• Badges and avatar identification promote positive outcomes [290]. We have found

that badges can promote avatar identification (personal interest, role model), player

experience (achievement, role model), intrinsic motivation (achievement, role model),

and programming self-efficacy (role model) during both game play and game making.

Independently of badges, avatar identification promotes player experience, intrinsic

motivation, programming self-efficacy, and the total time spent playing and mak-

ing. Avatar identification also promoted other meaningful in-editor activity, such as

playtesting time, etc. and led to significantly higher overall quality of the completed

game levels (as rated by 3 independent externally trained QA testers) [290].

Other Outcomes:

• Positive and neutral encouragement text displayed at regular intervals (e.g.,

“Keep it up!”), significantly increases engagement as compared to no text or neg-
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ative encouragement text [288]. Encouragement is different from feedback, in that

it does not necessarily encode information about performance [303, 384, 444, 478].

Regularly dispensed encouragement, operationalized as text appearing at the bottom

of the screen—both positive (e.g., “You’re doing good”) and neutral (e.g., “You’re

doing average”) significantly increased player engagement as compared to negative

(e.g., “You’re doing badly”) or none.

• More embellished game backgrounds cause players to have significantly de-

creased game performance and significantly decreased programming self-efficacy

but significantly increased engagement [289]. Research suggests that the addi-

tion of seductive visual details in video games hinders performance of learners

[178, 455, 513]. Yet, other research results propose the opposite: that visual em-

bellishments and well-designed ambiguity instead improve learners’ performance,

engagement, and self-efficacy [488, 517, 554]. To shed light on this apparent contra-

diction, we implemented the following four game themes: 1) Generic theme with no

embellishments (simple flat color background), 2) Fantasy game theme (forest, snow,

and desert adventure backgrounds), 3) STEM-oriented theme (computer circuitry

background), and 4) Choice (the user picks one of the previous three options). Generic

condition participants had highest performance (levels) and had highest programming

self-efficacy—followed by choice, fantasy game setting, circuitry. However, ordering

of conditions for engagement was precisely opposite the trend for performance. These

are trade-offs between two diametrically opposed approaches to game themes and

embellishment: instrumental game skins vs. thematic and deliberately embellished

game skins [289].



Chapter 5

Experiments

This chapter describes each experiment (see Table 5.1) in more detail. Experiments are

grouped under four different headings: Central Avatar Experiments, Additional Avatar

Experiments, Interface Experiments, and Culminating Experiment.

Central Avatar Experiments are primary to this dissertation, and include the main avatar

studies performed. Because an avatar can look like anything, we had to first look for some

basic distinctions to begin to understand their impacts. The very first such distinction we

made was between anthropomorphic and non-anthropomorphic avatars [389, 539]. As such,

we started by studying likeness avatars versus shape avatars (Shape vs. Likeness #1/#2),

likeness avatars versus minimalistic avatars (NoAvatar vs. Likeness), and friend likeness

avatars versus shape avatars (Shape vs. Friend). We also made a distinction between photo-

realistic and non-photo-realistic likenesses (Likeness vs. EasyLikeness), with the photo-

realistic likenesses also being compared to shape avatars (Shape vs. InstantLikeness). These

studies were done to explore a range of both anthropomorphic and non-anthropomorphic

avatars. We found results from the preceding studies that suggested stereotype threat could

be a potential factor. As a result, we began to study role models as avatars (ScientistText vs.

ShapeText, Shape vs. Scientist, Shape vs. RoleModel, and Shape vs. Scientist vs. Athlete).

Finally, the literature has suggested that we live vicariously through our avatars, as such, we

explored a new type of avatar that is a likeness during success only (Successful Likeness).
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Additional Avatar Experiments explores studies related to avatars that are less central to

this thesis. We studied how the presence of other player avatars affected users as a type of

worked example and competition/collaboration mechanic (Phantoms vs. Non-Phantoms)

and specifically how red avatars and blue avatars differed in their impact on users (Red vs.

Blue). We performed these studies since many digital environments feature multiple users,

and because the color alone of avatars is a low-level feature of every avatar.

Interface Experiments sought to study other contextual factors at the interface level of our

platform. While our initial goal was to understand the potential interaction effects of factors

like style and genre, we realized that the richness of these questions deserved investigation in

their own right. We studied encouragement (Feedback Positive vs. Negative vs. Neutral vs.

Nothing), nearly-winning at an unrelated task prior to engaging in our platform (Mini-Game

Loss vs. Near-Win vs. Win), and visual themes and embellishment (Game Theme Basic vs.

Circuit vs. RPG vs. Choice and Game Theme Black/White Basic vs. Circuit vs. RPG vs.

Choice). We performed these studies since these types of questions are even more broadly

relevant to digital systems in general.

Culminating Experiment is a culmination of previous studies. We study how role model

badges can be effective, while using a standard likeness avatar. In addition to role model

badges, we also look at achievement badges and personal interest badges. Separately

from badges, we also study avatar identification and whether it is able to predict various

game and game-making outcomes (Culminating Experiment). We performed this study to

better understand avatar identification and whether badging can be an alternative form of

expressing avatar types.

I give a brief overview only for some experiments that are either very similar to one we

conducted already, or that are highly exploratory.
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Experiment N
Shape vs. Likeness #1 258
Shape vs. Likeness #2 250
NoAvatar vs. Likeness 182
Shape vs. Friend 208
Likeness vs. EasyLikeness 128
ScientistText vs. ShapeText 224
Shape vs. Scientist 399
Shape vs. InstantLikeness 446
Shape vs. RoleModel 357
Shape vs. Scientist vs. Athlete 1067
Phantoms vs. Non-Phantoms 523
Successful Likeness 997
Red vs. Blue 507
Feedback Positive vs. Negative vs. Neutral vs. Nothing 645
Mini-Game Loss vs. Near-Win vs. Win 366
Game Theme Basic vs. Circuit vs. RPG vs. Choice 1171
Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice 1230
Badge Type Comparison; 6 Conditions 2189

Table 5.1: Experiment Summary from Intro.
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5.1 Central Avatar Experiments

Experiment listing:

Shape vs. Likeness #1/#2

NoAvatar vs. Likeness

Shape vs. Friend

Likeness vs. EasyLikeness

ScientistText vs. ShapeText

Shape vs. Scientist

Shape vs. InstantLikeness

Shape vs. RoleModel

Shape vs. Scientist vs. Athlete

Successful Likeness

5.1.1 Shape vs. Likeness #1/#2

Category: Central Avatar Experiments

Next Experiment: NoAvatar vs. Likeness

Experiment Overview (Shape vs. Likeness #1/#2)

This experiment presents results of a comparative study between avatars in the likeness of

players and avatars as geometric shapes. In our STEM learning game, results show that

players that had selected and used a shape avatar had significantly higher performance than

players that had customized and used a likeness avatar. Players using the shape avatar also

had significantly higher self-reported engagement, despite having lower self-reported affect

towards the avatar.
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(a) A sample Shape avatar. (b) A sample Likeness avatar.

Figure 5-1: Sample avatars.

Experiment-Specific Methods (Shape vs. Likeness #1/#2)

The study we performed consisted of two experiments (N=508) inside of our educational

game Mazzy. The study compares the impact of selected shape avatars and customized

likeness avatars on player engagement and performance.

Avatar Conditions

The two avatar conditions we tested were:

1. Shape: Avatar as a geometric shape.

2. Likeness: Avatar in the likeness of the player.s

The shape condition was a geometric shape; players picked out of eight possible geometric

shapes [362]. These players were told the shape that they picked would be their avatar in

the ensuing game. The likeness condition consisted of a Mii avatar. A Mii is a character

developed by Nintendo, chosen since Miis were designed with the intention of looking

similar to users (Mii is a blend of “Wii” and “me”). Players were asked to use a publicly

available Mii customization system prior to the task [14]. Furthermore, players were told

to create an avatar that looked like themselves and that this avatar would be used in the

subsequent game. See Figure 5-1 for examples of these.

Task
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The experimental task was to play the first version of Mazzy. See Section 3.1.6 and the

subheading Final Build of First Version for a description.

Quantitative and Qualitative Measures

The performance measures we recorded were:

• Levels completed: The number of levels completed.

• Level attempts: The number of attempts in each level.

• Level bonus items: Bonus items collected in each level.

The engagement measures we recorded were:

• Enjoyment: Enjoyment rating in each level.

• Difficulty: Difficulty rating in each level.

All subjective data were collected using a 5-point Likert scale. These engagement measures

(enjoyment and difficulty) were the only engagement data collected in the first experiment.

In the second experiment, at the end of the study, players were also asked to rate how they

felt overall with respect to the game, their progress, and their avatar, in addition to describing

their avatar in text and completing a demographics survey.

Participants

508 participants (250 in the first experiment, 258 in the second experiment) were recruited

through Mechanical Turk. 38% of the participants were female. 77% of participants were

white, 9% black or African American, 5% Chinese, the remaining participants were divided

amongst eleven other group categories. Participants were between the ages of 18-68 (M =

31.6) and were reimbursed $2 to participate.

Design

A between-subjects design was used: avatar type was the between-subjects factor. Partici-

pants were randomly assigned to conditions (i.e., random assignment of avatar type).
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Experiment Protocol

Prior to starting the task, players were told they could exit the game at any time. Then, for

each condition players loaded the game in their web browser. After each level that players

completed, players were presented with a screen showing the number of “stars” they had

earned (corresponding to the number of bonus items they had collected); at this point in the

procedure, players could either continue or replay the level. If they chose to replay the level,

they were brought back to the previous level (with their previous code still intact). If they

continued, they were then asked to report engagement (enjoyment and difficulty). When

participants were done playing, they returned to the instructions, which prompted them with

additional questions including the demographic survey.

Analysis

Our analysis consists of independent-samples t-tests, and results are reported as significant

when p<0.05 (two-tailed). Furthermore, we perform linguistic analysis and supervised

learning as described below.

Natural Language Processing

The text we want to analyze are players’ linguistic descriptions of their avatars, typically

2-3 sentences long. In order to interpret these, we leverage a text analysis system called

Linguistic Inquiry Word Count (LIWC). LIWC is a popular tool in psychology. LIWC was

developed over the last couple decades by human judges that categorize common words

[427, 429]. LIWC matches text to 82 language dimensions; these range from affective

processes (i.e., positive emotion, negative emotion, anxiety, etc.) to part-of-speech (i.e.,

articles, past tense, present tense, etc.) to thematic categories (i.e., achievement, money,

death, etc.). Pennebaker et. al performed one of the earliest text analyses, using sources

such as daily diaries and journal abstracts; they found that linguistic style is a “meaningful

way of exploring personality” [428]. In our case, we leverage LIWC to analyze players’

descriptions of their game avatars; we are interested in exploring how players perceive

themselves in relation to their avatars. We use LIWC to calculate scores for each player
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individually, then present the averages for each condition in the results. Given the large

number of language dimensions analyzed by LIWC, we present only results from ten of the

dimensions that have the highest difference in score between avatar types.

Prediction Algorithms

Here, we are looking to test the effectiveness of a player model that incorporates social

and virtual identity in predicting when players will quit our game. In order to make these

predictions, we must select some subset of machine learning algorithms to train and test on.

We use the WEKA machine learning workbench (version 3.7.12). WEKA was developed at

the University of Waikato [207], and contains a collection of machine learning algorithms

for data mining tasks. This version of WEKA has by default over 50 different classification

algorithms. Furthermore, WEKA’s package manger gives access to an additional set of

classification algorithms; this makes the total number of classification algorithms available

close to 100. Given the large number of choices, we use a similar approach to Mahlmann et.

al in that we consider at least one algorithm from each of the families of algorithms [348].

Similarly, we pay especially close attention to algorithms found on the list of top ten data

mining algorithms: SVMs, decision trees, belief networks, etc. [559]. The specific attributes

used in the algorithms is as follows:

• Avatar Type: The avatar type (Likeness, or Shape).

• Avatar Shape: The avatar sub-type. For likeness avatars, these were coded as “Mii”;

for shape avatars, these were coded as “Triangle”, “Square”, “Pentagon”, etc.

• Level One Enjoyment: Player reported enjoyment in level 1.

• Level One Difficulty: Player reported difficulty in level 1.

• Level One Stars: Number of bonus items in level 1.

• Level One Attempts: Number of attempts in level 1.

• Level One Successful Attempts: Number of succ. attempts in level 1.

• Player Age: The player’s age.

• Player Gender: The player’s gender.

• Player Race: The player’s race.
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Table 5.2: Results from the first experiment.

Attribute L-Mean L-SD S-Mean S-SD t-test
Levels Completed 1.90 1.14 1.96 1.16 0.43
Average Enjoyment 2.89 1.11 3.26 0.96 2.35*
Average Difficulty 2.34 0.95 2.32 0.86 0.26
Total Bonus Items 3.10 3.28 3.18 3.38 0.19
Total Attempts 21.87 21.60 18.65 15.21 1.40
*<.05, **<.01, L = Likeness, S = Shape, SD = Standard Deviation

We used a simple single-attribute evaluator called 1R to rank these attributes by importance.

1R generates a one-level decision tree that splits on a single attribute (i.e., all predictions for

that tree depend only on that specific attribute). 1R has been shown to perform well vis-à-vis

more complex algorithms [239]. We use the 1R evaluator on each attribute individually; we

then rank those attributes by their prediction scores, giving us a rough approximation of

each attribute’s merit.

Results & Findings (Shape vs. Likeness #1/#2)

Experiment 1

Players reported higher engagement in the shape condition. Players in the shape condition

(M=3.26, SD=0.96) reported significantly higher enjoyment than participants in the likeness

condition (M=2.89, SD=1.11), t(205)=2.35, p=0.02. No other significant differences were

found. See Table 5.2.

Experiment 2

Players had higher performance and engagement in the shape condition. Players had

lower affect towards the shape avatar. Players in the shape condition (M=1.65, SD=1.07)

completed significantly more levels than participants in the likeness condition (M=1.08,

SD=1.01), t(256)=4.42, p=0.0001. As a result, players in the shape condition (M=16.14,

SD=12.86) had more total attempts than participants in the likeness condition (M=12.38,
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Table 5.3: Results from the second experiment.

Attribute L-Mean L-SD S-Mean S-SD t-test
Levels Completed 1.08 1.01 1.65 1.07 4.42**
Average Enjoyment 2.86 0.88 3.05 0.95 1.44
Average Difficulty 2.15 0.82 2.23 0.88 0.62
Total Bonus Items 1.99 2.73 2.69 3.08 1.93
Total Attempts 12.38 10.99 16.14 12.86 2.52*
Avatar Rating 3.61 0.94 3.06 0.87 4.84**
Progress Rating 3.06 1.08 3.34 1.03 2.09*
Game Rating 3.07 1.10 3.45 1.02 2.89**
*<.05, **<.01, L = Likeness, S = Shape, SD = Standard Deviation

SD=10.99), t(255)=2.52, p=0.01. Players in the shape condition (M=3.45, SD=1.02) rated

the game higher than participants in the likeness condition (M=3.07, SD=1.10), t(253)=2.89,

p=0.004. Players in the shape condition (M=3.34, SD=1.03) also rated their progress higher

than participants in the likeness condition (M=3.06, SD=1.08), t(252)=2.09, p=0.038. Play-

ers in the likeness condition (M=3.61, SD=0.94) rated their avatar higher than participants

in the shape condition (M=3.06, SD=0.87), t(254)=4.84, p=0.0001. Overall trends remain

consistent across both experiments. See Table 5.3.

Text Analysis

Table 5.4 contains a summary of text analysis results on players’ descriptions of their avatars.

Figures 5-2 and 5-3 are word clouds of players’ avatar descriptions. Common english words,

as well as the words “avatar” and “game” have been removed from these clouds to highlight

differences.

Level Prediction

To determine the usefulness of modeling aspects of social and virtual identities, we built a

player model using only statistics from the first level. We then ran a number of machine

learning algorithms to determine if we could predict the final level completed. This involved

removing those participants that did not complete the first level (there were 73 such partici-
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Table 5.4: Top ten dimensions (ranked by difference) from natural language processing
using LIWC.

Attribute Example L-Mean S-Mean
Biological Processes Eat, hands, pain 5.87 0.83
Impersonal Pronouns It, it’s, those 4.12 9.05
Articles A, an, the 8.44 13.25
Present Tense Is, does, hear 9.15 5.02
3rd Person Singular She, her, him 4.09 0.16
Past Tense Went, ran, had 5.32 9.06
Social Processes Talk, they, friend 7.23 3.95
Space Down, in, thin 5.32 8.49
Feel Feels, touch 3.11 0.45
1st Person Singular I, me, my 8.55 5.96
L = Likeness, S = Shape

Figure 5-2: Words used to describe likeness avatars. Larger corresponds to higher recur-
rence.
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Figure 5-3: Words used to describe shape avatars. Larger corresponds to higher recurrence.

Table 5.5: Number of players that stopped playing after each level.

Level 1 2 3

Number of Players 65 74 46

pants). This left us with 185 data points, spread out across the remaining levels. See Table

5.5 for this distribution.

In order to have a useful player model, it should outperform at least the baseline accuracy.

The baseline accuracy is calculated by finding the final level with the highest number of

players, then dividing that by the total number of players. Here, the baseline accuracy is

74/185 (40%). To perform the actual prediction, we picked algorithms from each family

as described earlier. We use 10-fold stratified cross-validation in all cases. Parameters in

each algorithm are either left at default or tuned manually lightly. See Table 5.6 for results

of these prediction algorithms. Results show that decision tree learning performs 11.9%

above baseline, and that non-linear classification using support vector machines performs

11.3% above baseline. Many of the algorithms, such as multinomial logistic regression and

k-nearest neighbours classification, performed only marginally better than baseline.

Next, we used attribute selection using the 1R algorithm to rank the individual attributes by

score. See Table 5.7 for these ranked scores. Baseline accuracy was 40%. Thus, knowledge

of avatar type alone gives us an improvement over baseline by 7%. Attributes such as bonus



5.1. CENTRAL AVATAR EXPERIMENTS 107

Table 5.6: Prediction accuracy of various machine learning algorithms. Higher means that
the algorithm performed better.

Algorithm Accuracy
C4.5 51.9%
LibSVM 51.3%
Random Forest 47.6%
Bayes Network 47.0%
Multilayer Perceptron 45.4%
k-Nearest Neighbors 42.7%
Logistic Regression 42.7%
Baseline 40.0%

Table 5.7: The 1R attribute evaluation scores for each feature.

Attribute 1R Score
Avatar Type 47.03
Avatar Shape 44.32
Level One Attempts 43.24
Player Age 43.24
Player Race 41.08
Level One Succ. Attempts 41.08
Level One Difficulty 39.46
Player Gender 36.76
Level One Enjoyment 36.76
Level One Stars 34.60

items collected, reported engagement (enjoyment and difficulty), and gender were the least

effective individual predictors.

Experiment-Specific Discussion (Shape vs. Likeness #1/#2)

The results suggest that avatar type has a significant impact on user performance and

engagement in our STEM learning game. This has important implications. Level completion

in an educational game can be seen as evidence that learning has occurred (so long as the
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task is novel). Therefore, understanding virtual identities’ impacts may be crucial in better

understanding how they affect learners in educational games.

We might ask why specifically there was a large, measurable difference in performance and

engagement between these two avatar types. Depending on the point of view one takes, this

can be explained by a number of phenomena. Bowman et. al suggest that avatars more like

“objects” cause players to focus more on in-game mechanics and challenges (“pleasures of

control”) [63]. There is evidence of this in the text analysis. Players detailing their shape

avatars are more likely to use impersonal pronouns (e.g., it, it’s, those) and articles (e.g., a,

an, the), and less likely to use first person singular (e.g., I, me, my). Failure in the game

(which is almost guaranteed, the mean number of attempts in the first level was 8.4), may be

especially thwarting when the character failing is you. This would suggest that, for instance,

failing as an abstract shape, but succeeding as a likeness to yourself, would be an effective

adaptive avatar representation for learning.

Players using likeness avatars often made personal comparisons, e.g., “My avatar has a

likeness to myself [...] she is chubby like me.”, “[...] I had black hair and a gray shirt

and my red glasses”, and one player commented “[...] the avatar’s success is my own”,

seeming to support the above. But some players felt they were unable to adequately represent

themselves in the Mii; one participant said “it was difficult to make the avatar look like me”

and “there weren’t enough colors to customize the shirts.” This means that despite the large

number of options for hairstyles (72), eyes (48), mouths (24), etc. some players still found

the avatar creator to be limiting. Even though this is the case, we found the avatar creator

to be more than sufficient for most players. Figure 5-4 suggests that stereotype threat may

have been an additional contributing factor for some players; there were greater disparities

between the two avatar types in African American players, i.e., the likeness avatar may have

acted as a stereotype threat trigger, as consistent with previous work [283].

Because the actual customization of the likeness avatar was part of the condition, perhaps

players simply did not enjoy that aspect of the game. Or it is possible they did enjoy it,

but were unsatisfied with the avatar’s role in the game. If this was the case, it affected not
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only their performance, but also significantly affected their disposition towards the game

in a negative manner, despite the fact that player avatar ratings are strongly in favor of the

likeness avatar. It is clear that more work needs to be done in distinguishing the specific

psychological effects at play here. However, the results suggest that there are differences

between avatars customized in the likeness of players and avatars selected as geometric

shapes. Were we to make a recommendation to educational game makers based on these

results alone, we would be hard-pressed to make a definite statement. However, if faced

between simpler, abstract avatars and more complex, customizable avatars, we would be in

support of simpler avatars.

5.1.2 NoAvatar vs. Likeness

Previous Experiment: Shape vs. Likeness #1/#2

Category: Central Avatar Experiments

Next Experiment: Shape vs. Friend

Experiment Overview (NoAvatar vs. Likeness)

In this exploratory study, we compared an avatar that consisted only of a black dot (NoAvatar)

vs. a Mii likeness (Likeness) avatar. We did this to see if the absence of shape selection

would impact the results. Conducted similarly to Shape vs. Likeness #1/#2, we found

similar results with the NoAvatar condition outperforming the Likeness condition.

5.1.3 Shape vs. Friend

Previous Experiment: NoAvatar vs. Likeness

Category: Central Avatar Experiments

Next Experiment: Likeness vs. EasyLikeness
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Figure 5-4: Experiment 2 game ratings and level completion averages between avatar types
across social categories. Here, the focus is on two social groups underrepresented in STEM
(95% CIs).
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Experiment Overview (Shape vs. Friend)

In this exploratory study, we compared an avatar that was a shape vs. a Mii customized to

look like one of the user’s friends (Friend). We did this to see if making an avatar in the

likeness of a person other than the self would impact the results. Conducted similarly to

Shape vs. Likeness #1/#2, we found similar results with the Shape condition outperforming

the Friend condition.

5.1.4 Likeness vs. EasyLikeness

Previous Experiment: Shape vs. Friend

Category: Central Avatar Experiments

Next Experiment: ScientistText vs. ShapeText

Experiment Overview (Likeness vs. EasyLikeness)

In this exploratory study, we compared an avatar that was a Mii likeness (Likeness) vs. a

photo of the user (EasyLikeness). We did this to see if customizing an avatar to look like

oneself would lead to a different result than using a photo. Conducted similarly to Shape vs.

Likeness #1/#2, we found no significant differences.

5.1.5 ScientistText vs. ShapeText

Previous Experiment: Likeness vs. EasyLikeness

Category: Central Avatar Experiments

Next Experiment: Shape vs. Scientist
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Experiment Overview (ScientistText vs. ShapeText)

In this exploratory study, we compared an avatar that was a scientist (ScientistText) vs. a

shape (ShapeText). Snippets from Wikipedia were included alongside each avatar. See

Protocol #5 and #1 in Protocol Versions. We did this to see if scientist avatars would affect

participants positively. As we found a trend of higher female participant performance in the

scientist condition, this was a direct motivation for our following study.

5.1.6 Shape vs. Scientist

Previous Experiment: ScientistText vs. ShapeText

Category: Central Avatar Experiments

Next Experiment: Shape vs. InstantLikeness

Experiment Overview (Shape vs. Scientist)

In this exploratory study, we compared an avatar that was a shape vs. a scientist. Conducted

similarly to ScientistText vs. ShapeText but with minor differences (no avatar text snippets

and a different set of scientists–Protocol #6 in Protocol Versions), we found the following.

Results & Findings (Shape vs. Scientist)

Female participants in the scientist condition outperformed female participants in the

shape condition. Female participants in the scientist condition completed significantly more

levels (M=1.7, SD=1.1) than female participants in the shape condition (M=1.3, SD=1.0),

t(179)=2.51, p=0.006, d=0.38. Female participants in the scientist condition collected

significantly more bonus items (M=2.9, SD=3.2) than female participants in the shape

condition (M=1.4, SD=2.4), t(179)=3.62, p=0.0002, d=0.54. A chi-square test found that

female participants chose different scientists than male participants (X2=27.8, p=0.0002,
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V=0.38), with the female participants most preferring Marie Curie (35%), and the male

participants most preferring Albert Einstein (39%).

5.1.7 Shape vs. InstantLikeness

Previous Experiment: Shape vs. Scientist

Category: Central Avatar Experiments

Next Experiment: Shape vs. RoleModel

Experiment Overview (Shape vs. InstantLikeness)

In this exploratory study, we compared an avatar that was a shape vs. a photo of the user

(InstantLikeness). We did this to see if using a photo likeness of oneself would lead to

different results than a customized avatar. Conducted similarly to Shape vs. Likeness

#1/#2, we found that African American participants had decreased positive affect in the

InstantLikeness condition as opposed to all other participants who had similar positive affect

between InstantLikeness and Shape. All participants reported higher level difficulty in the

InstantLikeness condition [283].

5.1.8 Shape vs. RoleModel

Previous Experiment: Shape vs. InstantLikeness

Category: Central Avatar Experiments

Next Experiment: Shape vs. Scientist vs. Athlete

Experiment Overview (Shape vs. RoleModel)

Research has indicated that role models have the potential to boost academic performance

[356, 357]. In this experiment, we explore role models as game avatars in an educational
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Figure 5-5: Player selected role model avatars.

game. Of particular interest are the effects of these avatars on players’ performance and

engagement. Participants were randomly assigned to a condition: a) user selected role

model avatar, or b) user selected shape avatar. Results suggest that role models are heavily

preferred. African American participants had higher game affect in the role model condition.

South Asian participants had higher self-reported engagement in the role model condition.

Participants that completed ≤ 1 levels had higher performance in the role model condition.

General trends suggest that the role model’s gender and racial closeness with the player,

could play a role in player performance and self-reported engagement as consistent with the

social science literature.

Experiment-Specific Methods (Shape vs. RoleModel)

The study we performed consisted of an experiment (N=357) inside of the game Mazzy.

The study compares the impact of player selected role model avatars versus player selected

shape avatars on player engagement and performance.

Avatar Conditions
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Figure 5-6: Player selected geometric shape avatars.

The two avatar conditions we tested were:

1. Role Model: Avatar in the form of a role model.

2. Shape: Avatar in the form of a geometric shape.

Role model condition participants were asked to think of any type of role model (real or

fictional). Shape participants were asked to think of any type of geometric shape. Participants

were informed that whatever they came up with would be their game avatar. Participants

then used Google image search to find an image representing their choice. This image was

uploaded to the game and became the user’s character that moved about the maze.

Task

The experimental task was to play the first version of Mazzy. See Section 3.1.6 and the

subheading Final Build of First Version for a description.

Quantitative and Qualitative Measures

The performance measures we recorded were:
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• Levels completed: The number of levels completed.

• Level attempts: The number of attempts in each level.

• Level bonus items: Bonus items collected in each level.

The engagement measures we recorded were:

• Enjoyment: Enjoyment rating in each level.

• Difficulty: Difficulty rating in each level.

All subjective data was collected using a 5-point Likert scale. Players were also asked at the

end of the experiment to rate how they felt overall with respect to the game, their progress,

and their avatar, in addition to completing a demographics survey.

Participants

357 participants were recruited through Mechanical Turk. 129 of the participants were

female. 193 of the participants were white, 112 south Asian, 22 black or African American,

and the remaining participants divided among eleven other group categories. Participants

were between the ages of 19-65 (M = 31.4) and were reimbursed $2 to participate.

Design

A between-subjects design was used: avatar type was the between-subjects factor. Partici-

pants were randomly assigned to conditions.

Experiment Protocol

Prior to starting the task, players were told they could exit the game at any time. Then, for

each condition players loaded the game in their web browser. After each level that players

completed, players were presented with a screen showing the number of “stars” they had

earned (corresponding to the number of bonus items they had collected); at this point in the

procedure, players could either continue or replay the level. If they chose to replay the level,

they were brought back to the previous level (with their previous code still intact). If they

continued, they were then asked to report engagement (enjoyment and difficulty). When

participants were done playing, they returned to the instructions, which prompted them with
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additional questions including the demographic survey.

Analysis

Data was extracted and imported into Statistical Package for Social Science (SPSS) version

22 for data analysis using multivariate analysis of variance (MANOVA). The dependent

variables are–total levels completed, total attempts, total bonus items, average enjoyment,

average difficulty, avatar rating, progress rating, game rating; and the independent variables

are–avatar type (role model vs. shape), gender, race. All the dependent variables are

continuous variables. For the independent variables, both the avatar status (i.e., 0 = shape;

1 = role model) and gender (i.e., 0 = female; 1 = male) were dichotomous variables, and

race (i.e., 1 = white, 2 = black or African American, 3 = south Asian, 4 = other) is a

categorical variable. To detect the significant differences between user role model and user

shape avatars, we utilized two-way or factorial MANOVA. The reason we chose factorial

MANOVA is that we suspected that there would be an interaction effect between the

independent variables. Also, we considered the variable–age as a covariate in the analysis

(using MANCOVA), however, age was found not to be a significant covariate, as a result,

it was not included in the subsequent analyses. First, we ran two-way MANOVA with

avatar type and gender as independent variables, and then, another two-way MANOVA with

avatar type and race. We also ran targeted independent-samples t-tests on the following

groupings: low performers (completed ≤ 1 levels), high performers (completed ≥ 2 levels),

same vs. different gender role models, and same vs. different race role models. These results

are reported as significant when p<0.05 (two-tailed). Before running MANOVAs, all the

variables included in the analyses were checked, and there were no outlier detected. Prior to

running our first MANOVA model, we checked both assumption of homogeneity of variance

and homogeneity of covariance by the test of Levene’s Test of Equality of Error Variances

and Box’s Test of Equality of Covariance Matrices; and both assumptions were met by the

data (p>.05 for Levene’s Test, and p>.05 for Box’s Test). And for our second MANOVA

model, using same tests, both assumptions were found not tenable (p<.05 for Levene’s Test

except Average Enjoyment Rating and Levels completed, and p<.05 for Box’s Test). To

address this violation issue, Pillai’s Trace value was considered instead of Wilk’s Lambda
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value.

Results & Findings (Shape vs. RoleModel)

Avatar and Gender

Participants in the user role model condition had significantly higher avatar ratings

compared to participants in the user shape condition. Our first MANOVA model that

contained avatar types and gender as independent variables with a set of eight dependent

variables was tested first. In this model, we looked for the main effect of avatar types, another

main effect of gender, and an interaction effect of avatar types as well as gender on the set of

dependent variables. The test results of the first MANOVA model indicated the main effect

of avatar types as significant (𝜆 = .784, F(8, 244) = 8.399, p<.001) whereas the main effect

of gender and the interaction effect of avatar and gender were found not be significant (𝜆 =

.967, F(8, 244) = 1.53, p>.05, and 𝜆 = .986, F(8, 244) = .442, p >.05). As a result, gender

was removed from the first model, and the refined model was tested again. The refined first

MANOVA model yielded a significant difference between user role model and user shape

avatars on the dependent variables (𝜆 = .778, F(8, 248) = 8.841, p<.001). Also, the tests of

between subjects effects detected that avatar types are significantly different on avatar rating

(F(1, 255) = 59.97, 𝜂2 = .19, p<.001). Figure 5-7 shows that the participants who were in

the user role model condition had higher avatar ratings compared to the participants who

were in the user shape condition, and this difference is statistically significant.

Avatar and Race

There was a significant interaction between avatar type and race. African American

participants had higher game affect, and marginally higher progress ratings in the

role model condition. White participants had lower engagement in the role model

condition. South Asian participants had higher engagement in the role model condi-

tion. In our second MANOVA model where avatar type and race were the independent

variables with a set of eight dependent variables, the test result indicated an interaction effect
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Figure 5-7: Avatar Ratings.

of avatar and race on the set of dependent variables (Pillai’s Trace = .165, F(24, 726) = 1.76,

p<.05). Tests of between subject effects showed that the interaction effect of avatar type

and race has a significant effect on the average enjoyment rating (F(3, 247) = 4.05, 𝜂2 =

.05, p<.05) and progress rating (F(3, 247) = 3.40, 𝜂2 = .04, p<.05). Independent-samples

t-tests revealed that African American participants had higher game ratings (mean difference

= 1.13, p<.05), and marginally higher progress ratings (mean difference = 0.68, p<.1) in

the role model condition. White participants reported lower engagement in the role model

condition (mean difference = 0.45, p<.01). South Asian players reported higher engagement

in the role model condition (mean difference = 0.55, p<.05). See Figure 5-8 for illustration.

Performance Split

Players that completed few levels collected more bonus items in the role model con-

dition. Players that completed ≤ 1 levels collected more bonus items in the role model

condition, p<.05. See Table 5.8.

Same vs. Different Gender Role Models

No significant differences were found. See Table 5.9.



120 CHAPTER 5. EXPERIMENTS

Race

Es
tim

at
ed

 M
ar

gi
na

l M
ea

ns

Figure 5-8: Average Enjoyment.

Table 5.8: Players completing ≤ 1 levels.

Attribute R-Mean R-SD S-Mean S-SD t-test
Levels Completed 0.52 0.50 0.44 0.50 1.05
Total Bonus Items 0.83 1.33 0.39 1.00 2.56*
Average Enjoyment 3.23 1.34 3.36 1.11 0.49
Avatar Rating 4.11 0.86 3.55 0.95 4.28**
*<.05, **<.01, R = Role Model, S = Shape, SD = Standard Deviation

Table 5.9: Participants selecting same gender role models versus different gender role
models.

Attribute Rs-Mean Rs-SD Rd-Mean Rd-SD t-test
Levels Completed 1.43 1.07 1.23 1.11 1.00
Total Bonus Items 2.23 2.90 1.67 2.55 1.10
Average Enjoyment 3.43 1.20 3.32 1.18 0.43
Avatar Rating 4.21 0.84 4.08 0.77 0.91
*<.05, **<.01, Rs = Same Gend., Rd = Diff. Gend., SD = Standard Deviation
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Table 5.10: Participants selecting same race role models versus different race role models.

Attribute Rs-Mean Rs-SD Rd-Mean Rd-SD t-test
Levels Completed 1.38 1.11 1.39 1.03 0.03
Total Bonus Items 2.27 3.06 1.84 2.39 1.00
Average Enjoyment 3.47 1.21 3.32 1.17 0.70
Avatar Rating 4.31 0.79 3.97 0.83 2.73**
*<.05, **<.01, Rs = Same Race, Rd = Diff. Race, SD = Standard Deviation

Gender Selections:

A chi-square test was used to determine whether there was a significant difference between

male and female participants and the chosen role model’s gender. 76.5% of female role

models were chosen by female participants. 79.1% of male role models were chosen by

male participants. The difference between male and female participants was significant, 𝜒2

= 39.63, df = 1, p<.001.

Same vs. Different Race Role Models

Players had higher avatar ratings for same race role models. Players reported a higher

avatar rating for same race role models, p<.01. See Table 5.10.

Race Selections:

A chi-square test was used to determine whether there was a significant difference in the

chosen role model’s race. Participants tended to pick a similar race role model. The

difference was statistically significant, 𝜒2 = 115.52, df = 9, p<.001.

Between Role Model Types

A cross tabulation was checked for any difference between participants’ performance across

role model types. The Chi-square test indicated no significant difference (𝜒2 = 4.29, df =

11, p>.05) between high and low performing participants across the 12 different role model

types (see Table 5.11).
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Table 5.11: Performance by role model types
High/Low performing groups

Role Model Type: Low Performing High Performing Total
Actor 61.1% 38.9% 100.0%
Scientist 37.5% 62.5% 100.0%
TV personality 50.0% 50.0% 100.0%
Astronaut/Pilot 50.0% 50.0% 100.0%
Athlete 48.1% 51.9% 100.0%
Author 50.0% 50.0% 100.0%
Fictional Character 56.4% 43.6% 100.0%
Magnate 40.0% 60.0% 100.0%
Musician/Singer 61.9% 38.1% 100.0%
Political Figure 58.8% 41.2% 100.0%
Religious Figure 75.0% 25.0% 100.0%
Other 44.4% 55.6% 100.0%

Experiment-Specific Discussion (Shape vs. RoleModel)

The results suggest that role model avatars can enhance performance and engagement for

some groups of participants. African American participants had higher game affect in the

role model condition. South Asian participants had higher engagement in the role model

condition. Participants completing ≤ 1 levels had higher performance in the role model

condition. Therefore, an AI system that generates avatars would do well to utilize both the

player demographics and the avatar type.

Participants in the user role model condition rated same race role models as higher. This,

and the general trend observed in Tables 5.9 and 5.10, supports the literature, i.e., role

models of similar gender and race appear to be more effective [52, 356]. Unexpectedly, we

found that white participants had lower reported engagement in the role model condition.

Previous studies have reported that role models can improve the academic performance of

some social groups (i.e., female and African American participants), so while we would

expect little to no effect in white participants, we see the opposite effect. While our current

analyses cannot conclude as to why this occurred, this is an indication that role models
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may not always be effective. For instance, one possible alternative explanation is cultural

differences (e.g., a human photo may appear out of place). In addition, “superstar” role

models can cause self-deflation [341].

Indeed, this is a complex topic; if we had attempted to link effects to specific types of role

models (e.g., scientists, athletes, etc.), it is unclear whether the effect is due to the type of

role model, the type of person that picks that type of role model, or both. More targeted

studies are needed to explore specific role models. Our results expand upon the findings

of the social science literature to also include role model avatar as a possible means of

enhancing player engagement and performance.

5.1.9 Shape vs. Scientist vs. Athlete

Previous Experiment: Shape vs. RoleModel

Category: Central Avatar Experiments

Next Experiment: Successful Likeness

Experiment Overview (Shape vs. Scientist vs. Athlete)

Here, we describe an experiment (N = 890) exploring the use of (a) scientist role models,

(b) athlete role models and (c) simple geometric shapes, as game avatars. Using the Game

Experience Questionnaire (GEQ) [249], we find that over all participants, the use of avatars

that looked like scientist and athlete role models led to highest flow and immersion. For

female participants, the use of scientist avatars led to highest immersion and positive affect,

and lowest tension and negative affect. The results here indicate that role model avatars

have the potential to positively affect player game experience. This may especially be

impactful for educational games, in which higher engagement could in turn influence

learning outcomes [56].
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Experiment-Specific Methods (Shape vs. Scientist vs. Athlete)

Our experiment aims to compare three avatar types: (a) scientist role models, (b) athlete

role models, and (c) simple geometric shapes. The goal is to see if participants of different

avatar type have differing game performance and game experience as measured by the GEQ.

We strongly suspected ahead of time that (1) scientist avatars would outperform athlete and

shape avatars, and (2) athlete avatars would outperform shape avatars. The experiment

takes place in Mazzy ([278]; Section 3.1).

Avatar Conditions

The three avatar conditions we tested were:

a. Scientist Avatars

b. Athlete Avatars

c. Shape Avatars

In each condition, players selected (inside the game) from a pool of eight possible choices.

The pool of role models is composed of famous individuals, selected for diversity (i.e.,

exactly half the role models are female, and exactly half the role models are black or African

American). When a user selects an avatar, there is a three-sentence summary presented

of the avatar (e.g., “You’ve selected Albert Einstein. Albert Einstein was a German-born

theoretical physicist., etc.). These were taken verbatim from their Wikipedia article. Avatars

are always presented in a randomized ordering on the screen (see Figures 5-9, 5-10 and

5-11). Inside the game, the avatar consists of a 60 x 60 pixel game character that moves

according to the user’s programs.

Quantitative and Qualitative Measures

For performance, we only analyze the number of levels completed by players. For measuring

game experience, we use the GEQ [249]. We also included a single, 5-item Likert scale

question on how the user felt towards the game character (1:Strongly Negative to 5:Strongly

Positive).
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Figure 5-9: Scientists. Figure 5-10: Athletes. Figure 5-11: Shapes.

Participants

890 participants were recruited through Mechanical Turk. The data set consisted of 528

male, and 362 female participants. There were 712 white participants, 61 black or African

American, 29 Chinese, 15 Filipino, 9 Korean, 8 American Indian, 8 Asian Indian, 8 Viet-

namese, 8 Other Asian, 3 Japanese, 1 Native Hawaiian, 1 Guamanian or Chamorro, and 27

other. Participants were between the ages of 18 and 75 (M = 31.4, SD = 9.0), and were all

from the United States. Participants were reimbursed $1.50 to participate in this experiment.

Design

A between-subjects design was used: avatar type was the between-subject factor. Participants

were randomly assigned to a condition.

Protocol

Prior to starting the game, players were informed that they could exit the game at any

time via a red button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which then prompted them with the GEQ and then a demographics survey.

Results & Findings (Shape vs. Scientist vs. Athlete)

We find that using scientist avatars resulted in the highest scores on immersion, and

that scientist and athlete avatars resulted in the highest scores on flow. For female
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Table 5.12: Overall level completion statistics.

Avatar Condition N Mean SD
Scientist 278 7.47 3.02
Athlete 308 7.40 2.87
Shape 287 7.16 2.84

Table 5.13: Female participant level completion statistics.

Avatar Condition N Mean SD
Scientist 108 7.57 3.15
Athlete 122 7.00 3.00
Shape 128 7.02 2.93

participants, scientist avatars resulted in the highest scores on immersion, and positive

affect, and in the lowest scores on tension and negative affect. We observe that there is

consistent ordering in that scientist avatars are better than athlete avatars, and athlete

avatars are better than shape avatars, across all subjective measures.

Aggregate

17 of the participants completed 0 levels. 3 of these were in the athlete condition, 4 in the

scientist condition, and 10 in the shape condition. Being that the very first level of the game

requires only following a set of simple directions (a basic tutorial level), these participants

invested minimal effort and provide data of limited use. These participants are therefore

excluded from further analysis. We report on data from 873 participants. The one-way

ANOVA found no significant effect of avatar type on levels completed, F(2, 870) = 0.89, p =

0.41 (see Table 5.12).

A MANOVA revealed a statistically significant difference in GEQ responses and avatar

ratings based on the participant’s avatar type, F(86, 1654) = 2.23, p <.0001; Wilk’s 𝜆 =
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0.803, partial 𝜂2 = .10. See Figure 5-12. Univariate testing found the effect to be significant

for the following items: “I was deeply concentrating on the game” (flow), F(2, 870) = 5.73,

p <0.005; “I was fully occupied with the game” (flow), F(2, 870) = 3.36, p <0.05; “It was

aesthetically pleasing” (immersion), F(2, 870) = 5.63, p <0.005; and “I felt imaginative”

(immersion), F(2, 870) = 4.30, p <0.05. Avatar rating was also found to differ between

conditions, F(2, 870) = 5204, p <.0001.

In order to compare the effects of avatar type on these measures, we additionally calculated

posthoc comparisons (LSD) between all conditions. The pair-wise comparisons revealed that

the scientist condition GEQ rating was higher on “It was aesthetically pleasing” (immersion),

p <0.05, and “I felt imaginative” (immersion), p <0.005, than the athlete condition. The

scientist condition was also higher on “I was fully occupied with the game” (flow), p <0.05,

and “It was aesthetically pleasing” (immersion), p <0.005, than the shape condition. The

athlete condition GEQ rating was higher on “I was deeply concentrating on the game”

(flow), p <0.0001, and “I was fully occupied with the game” (flow), p <0.05, than the shape

condition. The scientist avatar rating was higher, p <0.0001, than the athlete and shape

condition. The athlete avatar rating was higher, p <0.0001, than the shape condition.

Female Participants

The one-way ANOVA found no significant effect of avatar type on levels completed by

female participants, F(2, 355) = 1.30, p = 0.27 (see Table 5.13).

The MANOVA revealed a statistically significant difference in GEQ responses and avatar

ratings based on the participant’s avatar type, F(86, 626) = 1.31, p <.05; Wilk’s 𝜆 = 0.718,

partial 𝜂2 = .15. See Figure 5-13. Univariate testing found the effect to be significant for

the following items: “I was interested in the game’s story” (immersion), F(2, 355) = 3.87,

p <0.05; “It was aesthetically pleasing” (immersion), F(2, 355) = 3.41, p <0.05; “I felt

imaginative” (immersion), F(2, 355) = 3.38, p <0.05; “I felt irritable” (tension), F(2, 355) =

4.95, p <0.01; “I could laugh about it” (positive affect), F(2, 355) = 3.28, p <0.05; and “I

was distracted” (negative affect), F(2, 355) = 3.34, p <0.05. Avatar rating was also found to

differ between conditions for female participants, F(2, 355) = 19.49, p <.0001.
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Figure 5-12: Game Experience Ques-
tionnaire (GEQ) responses for all partici-
pants.
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Figure 5-13: Game Experience Ques-
tionnaire (GEQ) responses for female par-
ticipants.

In order to compare the effects of avatar type on these measures, we again additionally

calculated posthoc comparisons (LSD) between all conditions. The pair-wise comparisons

revealed that the scientist condition was higher on “I felt imaginative” (immersion), p <0.05,

and “I could laugh about it” (positive affect), p <0.05, and lower on “I felt irritable” (tension),

p <0.005, and on “I was distracted” (negative affect), p <0.05 than the athlete condition.

The scientist condition was higher on “I was interested in the game’s story” (immersion),

p <0.01, “It was aesthetically pleasing” (immersion), p <0.01, and “I could laugh about

it” (positive affect), p <0.05, and lower on “I felt irritable” (tension), p <0.05, and “I was

distracted” (negative affect), p <0.05, than the shape condition. There were no significant

differences between the athlete and shape conditions. The scientist avatar rating was higher,

p <0.0005, than the athlete and shape conditions. The athlete avatar rating was higher, p

<0.05, than the shape condition.
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Experiment-Specific Discussion (Shape vs. Scientist vs. Athlete)

In the results, we have seen that using scientist avatars resulted in the highest scores on

immersion, and that scientist and athlete avatars resulted in the highest scores on flow. For

female participants, scientist avatars resulted in the highest scores on immersion, and positive

affect, and in the lowest scores on tension and negative affect. We observe that there is

consistent ordering in that scientist avatars are better than athlete avatars, and athlete avatars

are better than shape avatars, across all subjective measures.

These results corroborate the findings in the social sciences, and demonstrate that those

same findings are likely applicable via avatars inside educational games. For example, there

have previously been three criteria for determining the effectiveness of a role model for

boosting academic performance. (1) First, the role model should be perceived as competent

[358]. Clearly, both the scientist and athlete avatars fulfill this condition. (2) Second, the

role model should be perceived as an ingroup member, for instance the same gender or race

[340, 356, 372]. This is also made possible for female and African American participants

by having selected for diverse role models. (3) Third, the role model’s record of success in

domains where the role model’s group is negatively stereotyped should be readily available

[78, 357, 359]. To faciliate this, we have used only role models that are well known, and

also provide a paragraph describing their achievements. Given that the experimental setting

is a STEM education game, it is not of surprise that we have found scientist role models to

be the more effective avatar type (e.g., [357]).

5.1.10 Successful Likeness

Previous Experiment: Shape vs. Scientist vs. Athlete

Category: Central Avatar Experiments

Next Experiment: Phantoms vs. Non-Phantoms
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Experiment Overview (Successful Likeness)

Avatar research has almost exclusively explored avatars that remain the same regardless of

context. However, there may be advantages to avatars that change during use. A plethora of

work has shown that avatars personalized in one’s likeness increases identification, while

object-like avatars increase detachment. We posit that in certain situations within a game

it may be more advantageous to have increased identification, while in other situations

increased detachment. We present a study on dynamic avatars, or avatars that change types

based on game context. In particular, we investigate what we term the successful likeness

avatar. The successful likeness is an avatar that is only a likeness when the player is in a win

state and at all other times an object. Our goal is to determine if this type of avatar can foster

an increase in user performance and engagement. Our experiment (N=997) compares four

avatars: 1) Shape, 2) Likeness, 3) Likeness to Shape, and 4) Shape to Likeness (successful

likeness). We found that players using a successful likeness avatar had significantly better

performance (levels completed) than all other conditions. Players using a successful likeness

avatar had significantly higher play time (minutes played) than all other conditions. This

was one of the most compelling results from our experiments. Additionally, we propose

a theoretical model in which identification facilitates vicarious outcomes and in which

detachment facilitates outcome dissociation. As performance and engagement are correlated

to learning [225], successful likeness avatars may be crucial in educational games.

Experiment-Specific Background (Successful Likeness)

The persona effect was one of the earliest studies that revealed that the mere presence of a

life-like character in a learning environment increased positive attitudes [323]. A wealth of

empirical research since then has demonstrated that virtual characters are more influential

when they have similar competencies [299], a similar gender [32, 202], and a similar

ethnicity/race [438, 464]. However, research on the visual form and look of animated agents

is sparse; it has been proposed that the following five dimensions are understudied: 1) the

degree of “humanoidness,” 2) the degree of stableness versus changeability of appearance
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(morphing), 3) the degree of animation, 4) the degree of 3-dimensionality, and 5) the degree

of realism [204]. The reason for the sparsity of research in this area has been attributed to

two possible causes: 1) these questions are difficult to answer using existing methodologies,

and 2) people do not readily accept the idea that appearance affects our intellectual processes

(e.g., “Don’t judge a book by its cover”) [204]. In this work, we propose to explore the

changeability of appearance aspect of avatars.

In particular, our work is based on increasing evidence that demonstrates that abstract avatars

increase player-avatar detachment via low identification (my avatar is not me), high sense of

control (my avatar is like a tool), low sense of responsibility (my avatar has no needs), etc.

[25, 63, 282]. Work in human-computer interaction, psychology, and marketing suggests

that within virtual environments, success and failure is attributed to avatars and through them

also affects users [83, 243, 386, 546, 558]. These effects are more powerful with avatars

with whom we identify [141, 528]. Here, we perform the first study to our knowledge on

dynamic avatars. More specifically, we study what we call the successful likeness avatar,

an avatar that is normally abstract (e.g., a shape), but that becomes a likeness in win states.

Our goal is determining if selectively increasing and decreasing user identification with the

avatar during key moments of the game experience can result in increased performance and

engagement. We found that participants did not significantly differ in reported engagement

between conditions. However, participants using a successful likeness avatar both completed

significantly more levels, and played the game for a significantly longer period of time,

suggesting greater performance and engagement (see [29] for predicting engagement via

play time). Since both performance and engagement have been correlated to better learning

outcomes in educational games [56, 225], our work has important implications for avatar

design in educational environments.

Our work here is based on research on avatars, agents, and “blended identities” [218].

Although in this work we are studying avatars, an abundance of work on agents (i.e., virtual

pedagogical agents, teaching agents, etc.) helps to guide our study. In particular, a large body

of work has shown that avatars and agents that share users’ external characteristics (e.g., age,

gender, race, clothing, etc.) are more influential and are linked to better learning outcomes
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[18, 22, 32, 202, 265, 299, 438, 464]. This is posited to be a result of similarity-attraction,

the theory that people are attracted to similar others [79, 256]. Functional neuroimaging has

found that perceived similarity is an important factor in a person’s ability to simulate the

internal state of another person [378]. Likewise, Mobbs et. al found that when a participant

watched a game show contestant with high perceived similarity, the participant experienced

significant increases in both subjective and neural responses to vicarious reward [380].

Other work suggests that what is experienced by an avatar is also experienced by its user

[83, 243, 386, 546, 558]. This effect is more powerful via avatars that we identify with

[141, 528], identification being positively correlated to such factors as representation of

emotions and intent [212], physical resemblance [346], and avatar customization [520].

In the past decade, it has become apparent that avatars play an important role in affecting

our behaviors. The Proteus effect describes an individual’s tendency to conform to behavior

typically associated with how an avatar appears [561]. For example, two of the earliest

studies found that participants with taller avatars were more aggressive, and that participants

with more attractive avatars were more confident. Since avatars affect us in a subtle way,

they are a form of “embedded content” [293], which studies have shown is more effective

than “message-driven” agendas [66]. Avatars, or “blended identities,” [218], can be pivotal

in enabling our capacities to put ourselves inside other identities. However, the unfortunate

consequence is avatars can also be used to reinforce stereotypes and perpetuate hegemonic

views, e.g., women as victims of violence. Fortunately, some representations can begin to

combat these stereotypes, e.g., playing a computer science learning game as Marie Curie

[285]. For instance, research has shown that abstract (or object-like) representations, such as

a geometric shape, lead to detachment with the avatar and outcomes associated to the avatar

[25, 63, 224, 280]. Because of the potential usefulness in exploring the dichotomy between

identification and detachment, we investigate the successful likeness. This avatar is abstract

(shape) when the player is not in a win state (to facilitate detachment), and a likeness (Mii)

when the player is in a win state (to facilitate identification). Our goal is to test if this type

of avatar can enhance player performance and engagement.
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(a) A sample Shape avatar. (b) A sample Likeness avatar.

Figure 5-14: Sample avatars.

Experiment-Specific Methods (Successful Likeness)

Our experiment consisted of a between-subjects design. Our goal was to measure perfor-

mance and engagement across conditions. The experiment takes place in Mazzy ([278];

Section 3.1).

Conditions: Our four avatar conditions were:

1) Shape

2) Likeness

3) Likeness to Shape

4) Shape to Likeness

Participants were all told that they would be playing a game. No other details were specified.

Players were asked to use a publicly available customization system to create a Mii (the

Likeness). A Mii is a type of avatar developed by Nintendo, chosen since Miis were designed

with the intention that most users would create likeness avatars (the word “Mii” is a blend

of “Wii” and “me”). Furthermore, players were told to create an avatar that looked like

themselves. Players then picked out of eight possible geometric shapes (the Shape). Every

player created a Likeness avatar and selected a Shape avatar (see Figure 5-14). If a participant

was assigned to Condition 1, their avatar was always a shape. In Condition 2, their avatar

was always a Mii. In Condition 3, their avatar was normally a Mii, but when a level was
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successfully won, the avatar became a shape. In Condition 4, their avatar was normally a

shape, but when a level was successfully won, the avatar became a Mii (successful likeness).

The ‘winning’ avatar (a shape in Conditions 1 & 3, and a Mii in Conditions 2 & 4) was

displayed centered in the middle of the screen. All other aspects of the experiment were

identical across conditions.

Measures: Our performance measures consist of levels completed and time played, while

our engagement measure is the Game Experience Questionnaire (GEQ) [249].

Participants: 997 participants were recruited through Mechanical Turk. The data set con-

sisted of 560 male, and 437 female participants. Participants self-identified their races/eth-

nicities as white (665), Asian Indian (163), black or African American (55), American

Indian (14), Chinese (13), Filipino (13), Korean (10), Japanese (6), Vietnamese (4) and other

(54). Participants were between the ages of 18-72 (M = 30.1, SD = 8.2). Participants were

reimbursed $1.50 to participate in this experiment.

Design: Our design was a between-subjects design: avatar condition was the between-

subjects factor. Participants were randomly assigned to a condition.

Protocol: Prior to starting the game, players were informed that they could exit the game at

any time via a red button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which prompted them with demographics.

Analysis: Data was analyzed in SPSS using analysis of variance (ANOVA) and multivariate

analysis of variance (MANOVA). We ran one ANOVA using levels completed as the

dependent variable, and one ANOVA using time played as the dependent variable. Our

MANOVA used GEQ items as the dependent variable. In all cases, our independent variable

is avatar condition. To be aligned with our research question, we asked participants after

the experiment to rate how similar they felt their Mii was to themselves (1: Very Dissimilar

to 5: Very Similar). We removed participants that reported a similarity less than 3 (189).

Additionally, we removed 35 outliers according to the criteria in Hoaglin (1987). These 224
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Figure 5-15: Performance.

participants were excluded from further analysis. Prior to running our MANOVA model,

we checked the assumption of homogeneity of variance by Levene’s Test of Equality of

Error Variances, and the assumption was met by the data (p>.05). All reported p-values are

two-tailed.

Results & Findings (Successful Likeness)

• Shape to Likeness participants were highest performing.

• Shape to Likeness participants spent the most time in game.

• No significant differences in GEQ responses.

An ANOVA revealed that levels completed was significantly different across avatar con-

ditions, F(3, 769) = 3.02, p<.05. Post-hoc comparisons (LSD) revealed that the condition

Shape to Likeness significantly outperformed Likeness, p=.017. The condition Shape to

Likeness also significantly outperformed Likeness to Shape, p=.007 (see Figure 5-15a).

Similarly, an ANOVA revealed that time played (seconds) was significantly different across

avatar conditions, F(3, 769) = 2.69, p<.05. Post-hoc comparisons (LSD) revealed that the

condition Shape to Likeness had significantly longer play time than Shape, p=.019. The

condition Shape to Likeness also had significantly longer play time than Likeness to Shape,

p=.010. The condition Shape to Likeness had marginally longer play time than Likeness,

p=.072 (see Figure 5-15b).
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A MANOVA revealed that there was no statistically significant difference in GEQ responses

across avatar conditions, F(126, 2190) = 1.02, p=.43; Pillai’s Trace = .17, partial 𝜂2 = .055.

See Figure 5-16.

None of the participants correctly guessed the purpose of the experiment.

Experiment-Specific Discussion (Successful Likeness)

We found that the Shape to Likeness (successful likeness) condition had significantly in-

creased Levels Completed and Time Played. GEQ responses did not significantly differ.

These results support our initial hypothesis that having a shape avatar (greater detachment)

when the player is not in a win state, and having a likeness avatar (increased identification)

when the player is in a win state, would outperform other avatar types. The worst performing

condition was the inverse condition: Likeness to Shape.

What do these results mean? For example, the successful likeness condition participants

on average completed about 1 more level and played for about 3.2 minutes longer than

Likeness to Shape condition participants. Longer game playtime can be used as a measure

of engagement [29]. Moreover, both increased game performance and engagement have

been correlated to better learning outcomes in educational games [56, 225]. Therefore,

these results are suggestive that, over longer periods of time, dynamic avatars could have

beneficial effects on players.

Why did this happen? Multiple disciplines have independently demonstrated that avatars

with a higher degree of perceived similarity may better facilitate vicarious experiences,

positive or negative [18, 22, 32, 79, 83, 141, 202, 243, 256, 265, 299, 386, 438, 464, 528,

546, 558]. Moreover, neural imaging has demonstrated that watching a similar person

experience a reward also increases our own vicarious reward [380]. Effects of an avatar

similar to oneself may persist even after the experiment. Fox & Bailenson found that

watching one’s avatar exercising resulted in significantly more exercise on the part of the

participant, 24 hours later, as compared to participants that watched one’s avatar loitering or
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Figure 5-16: Game Experience Questionnaire (GEQ) responses for all participants.

a virtual other exercising [167]. Lastly, abstract (or object-like) avatars can better facilitate

detachment and may play a role in helping users dissociate from failure outcomes, such as

in cases requiring “debugging” [25, 63, 224, 280].

How generalizable are these results? The work here was a single study of how dynamic

avatars affected engagement and performance for 997 participants in a coding game. While

we feel the results are well supported by the literature, there should be additional investiga-

tion of the specific physiological effects of dynamic avatars. While one possible approach is

to ask participants questions from, e.g., the Player-Avatar Interaction (PAX) questionnaire

[26], we feel that post-game surveys will be a difficult approach given the rather subtle

differences in the experience between conditions. While these subtle differences mani-

fested as tangible differences in performance, they did not manifest in tangible differences

in reported engagement. Even if players differed on some self-report (e.g., “This avatar

understands me.”), it’s not readily apparent how we can disambiguate, in the dynamic avatar

case, between the non-win state avatar, the win state avatar, or some combination. Because

these avatars are different than any avatar previously studied, we will need new methods

to study them. We find some parallels in work on multiple agents; for instance, it has been

found that multiple virtual pedagogical agents with ‘compartmentalized’ roles (e.g., one

agent provides confidence-boosting messages, another provides information support, etc.)

provide significantly better learning outcomes than a single agent [33, 34, 403]. Here, we

instead have multiple avatars, and we are facilitating either greater identification or greater
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detachment depending on the game context. We plan to further investigate this phenomenon

in the near future. We are partnered with a non-profit and will be studying Computer Science

learning using these avatars in Cambridge schools. We aim to use EEG devices, e.g., the

EPOC+, to measure brain activity of participants over the course of game play. Ultimately,

such an approach would help us determine the specific physiological influences of these

dynamic avatars.

Increasingly, there has been research on the different external characteristics of avatars

and agents and how they affect users in educational environments [32, 202, 299, 323, 438,

464]. However, their visual form and look has been understudied, including avatars that

change from one form to another (morphing) [204]. Here, we provide the first study to our

knowledge on dynamic avatars, or avatars that are different depending on whether the user

is in a win state or not. We found that the dynamic avatar, successful likeness, outperformed

all other conditions in terms of levels completed. These same participants also played

the game significantly longer. We posit that this is a result of shapes (abstract) as avatars

leading to more detachment and Mii avatars (likeness) leading to more vicarious experience.

Educational systems and games could benefit greatly from such a model of representation,

shielding users from internalizing failure, and basking them in self-success-identification.

5.2 Additional Avatar Experiments

Experiment listing:

Phantoms vs. Non-Phantoms

Red vs. Blue

5.2.1 Phantoms vs. Non-Phantoms

Previous Experiment: Successful Likeness

Category: Additional Avatar Experiments
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Next Experiment: Red vs. Blue

Experiment Overview (Phantoms vs. Non-Phantoms)

Avatar apparitions (or “ghosts”) are visual manifestation of other players’ avatars that are

non-interactive such as used in popular videogames, e.g., Dark Souls. As such, these

virtual identities are deployed unlike avatars in either single player or multiplayer. Avatar

apparitions can be used to reveal patterns, mistakes, and successes of other players. In this

manner they can act as effective tutorial supports. They are often displayed during real-time

play, however they can be either live or based upon previous play experiences of other users.

We performed a study (N=523) exploring the effects. Players were randomly assigned to a

vanilla educational game, or the same game plus apparitions. Apparitions were found to

increase performance, but decrease engagement. Apparition game players used significantly

less hints, and reported lower challenge. Qualitative results suggest novice players have

higher affect towards apparitions. These results can better inform design of educational

games with unobtrusive tutors.

Experiment-Specific Background (Phantoms vs. Non-Phantoms)

Avatar1 apparitions are an innovation in videogaming that non-interactively convey experi-

ences of other players. Since these apparitions have been used as tutorial supports in popular

videogames (particularly the notoriously challenging Dark Souls games [173], see Figure

5-17) we began to consider whether the approach might be useful in educational games.

A benefit is that students who are resistant to overly didactic direct instruction might find

avatar apparitions to be effective as more unobtrusive tutorial supports for performance

(number of tries, time spent solving problems, time spent overall in the game, etc.) and

engagement (self-reported positive affect toward and involvement in the game).

We decided to run an experiment implementing these apparitions in Mazzy. The apparitions
1The terms avatar and player character will be used interchangeably, although we consider avatar to be the

more general term as it is not limited to game/play settings.
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Figure 5-17: In the videogame Dark Souls two apparitions (white figures on the left and
right) show the player (center) what happens when the player character runs directly at the
dragon.

consist of random playthroughs of other players for the current level (failures and successes).

However, players only see the movement of other players, never the actual code that was

used to create those movements. This is analogous to seeing another person’s program

output (whether it was a failure or success), but not that person’s code. In our experiment

(N=523), we find that apparitions increased player performance, but reduced game affect.

Apparitions appear more beneficial for novice players. Because apparitions are inexpensive,

simple to maintain, and can improve performance (which has been linked to learning [225]),

this topic can inform future design of games.

While results will be discussed at more length below, as motivation consider the following

response from our online study of 523 players to the question: “What did you think of [other

characters’ apparitions]?”

Participant No. 432 said:

This may sound silly, but they reminded me of the brief visions of other players

that one sees when playing the game Dark Souls; other characters who are

playing in the world at the same time and place as you can be seen as brief
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phantoms. This helps Dark Souls to feel more engaging and more "full of life";

it’s a nice bit of companionship. I felt the same way about these other characters,

because they reminded me of that.

While Gekker [185] describes Dark Souls:

The game is single player in its core, but [...] occasionally apparitions of

other players appear out of thin air, doing battle with enemies unseen to your

character. You cannot interact with them in any way, and their sole purpose is

moral support of sorts- reminding you that there are others out there fighting

the same war as you do. [...]

Dark Souls, Dark Souls 2, and Bloodborne are developed by FromSoftware; combined

sales exceed 10M copies. Even though these games all use apparitions, this is not often

extensively discussed in game studies or popular journalism about videogames and to our

knowledge is largely unexplored in educational gaming.

That being said, the use of multiplayer game modes is well-studied in the literature. For

instance, multiplayer game modes have been found to increase physical exertion when

compared to single player game modes [404, 426]. Apparitions, however, fall somewhere

in-between single-player and multi-player, since it is neither a completely solo experience,

nor is there any interaction with other players. The term “asynchronous multiplayer” [57]

refers to sequenced game play. A turn-based game such as Diplomacy, a strategy war

game in which players play-by-mail by sending moves to a central game master, is a good

example. Game replays are increasingly a topic of research interest, however they are

usually distinct from gameplay itself. While apparitions share some properties of both

asynchronous multiplayer and replays, neither term is adequate. Rather, apparitions are

random instantiations of other players’ movements inside a game, during the game itself.

Apparitions can be thought of as having a clear relationship to intelligent tutors, educational

systems, etc. in that they are a form of cognitive support or scaffold (e.g., [568]) for the

player.
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Figure 5-18: Apparitions network.

Experiment-Specific Methods (Phantoms vs. Non-Phantoms)

The experiment takes place in Mazzy ([278]; Section 3.1). In our game, apparitions works

as follows (see Figure 5-18). When a user runs a program, a message is sent to the server to

save that run. The run contains the level, the program, and all avatar data. The server saves

the run in a database. During the game, user clients query the server at random intervals

(e.g., Random.Range(1f,35f) seconds). The server sends the client recent runs. Only runs

for the current level, and from others, are sent. Out of these runs, one is picked at random.

When an apparition appears, it runs an identical program to the one that was run on its host

computer. Apparitions appear exactly as they did in its host’s computer (all customization

data such as colors, hair, etc.). In order to distinguish them, their alpha is set to 50%.

There are a few things to note. First, we have relaxed the real-time constraint for apparitions.

This means apparitions are viable without simultaneous users. When users are concurrent,

apparitions are real-time. Second, there are a few arbitrary details. These include the random

interval spawn, apparition alpha, etc. These were deliberated on and chosen to balance a

close simulation to other games, and our game’s context.2

Conditions

2Prior to the experiment, the system was first “seeded” by ten complete playthroughs.
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Our experiment aims to compare two conditions: (a) No Apparitions, and (b) Apparitions.

The goal is to see if participants in the two conditions have different game performance and

affect towards the game. Players in the Apparitions condition can see apparitions. In all

other respects the game is identical.

The performance measures we recorded were:

• Levels completed: The number of levels completed.

• Total attempts: The number of attempts in each level.

• Total hints: The number of hints consumed.

In addition, we used the Game Experience Questionnaire (GEQ) [249] to measure positive

affect, negative affect, challenge, etc.

Participants

523 participants were recruited through Mechanical Turk. The data set consisted of 274 male,

and 249 female participants. Participants were between the ages of 19 and 74 (M=32.1,

SD=9.9), and were all from the United States. Participants were reimbursed $1.50 to

participate in this experiment.

Design

A between-subjects design was used: apparitions was the between-subject factor. Partici-

pants were randomly assigned to a condition.

Experiment Protocol

Prior to starting the game, players were informed that they could exit the game at any

time via a red button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which then prompted them with the GEQ and, for players in the Apparitions

condition, two qualitative questions: 1) “What/Who did you think were the other game

characters”, and 2) “What did you think of them?”.
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Analysis

Data was extracted and imported into Statistical Package for Social Science (SPSS) version

22 for data analysis using multivariate analysis of variance (MANOVA). The dependent

variables are–levels completed, total attempts, hints used, GEQ items; and the independent

variable is–apparitions. All the dependent variables are continuous variables. For the

independent variable, the apparition status (i.e., 0 = no apparitions; 1 = apparitions) is a

dichotomous variable. To detect the significant differences, we utilized MANOVA. We also

ran targeted independent-samples t-tests on number of hints per level. This was to look for

inter-level differences. Results are reported as significant when p < 0.05 (two-tailed). Before

running MANOVA, all the variables included in the analyses were checked, and there were

18 outliers detected (Hoaglin, 1987). These 18 outliers were excluded from further analysis.

Prior to running our MANOVA, we checked both assumption of homogeneity of variance

and homogeneity of covariance by the test of Levene’s Test of Equality of Error Variances

and Box’s Test of Equality of Covariance Matrices; there was a single violation for 1 item in

positive affect (Levene’s Test p < .05). All other variables met the assumptions (p > .05 for

Levene’s Test, and p > .05 for Box’s Test). As the sample size is equal and large, MANOVA

is robust here; as an added precaution, we use Pillai’s Trace and not Wilk’s Lambda, which

is robust under violation (Olson, 1976).

Results (Phantoms vs. Non-Phantoms)

Apparitions players had lower affect, but performed significantly better.

Quantitative

Our MANOVA was statistically significant, p <.05. Between subjects testing found appari-

tions scored lower on the challenge question “I felt stimulated”, p <.05. Apparitions players

had a lower score on the positive affect question “I enjoyed it”, p <.05. Apparitions players

had a higher score on the negative affect question “I was distracted”, p<.05.

For hints used, unpaired t-tests found that players in the apparitions condition used signifi-
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cantly less hints in Level 7, p<.05. Players in the apparitions condition used marginally less

hints in Level 8, p<.1.

What/Who did you think were the other game characters?

A small majority of participants felt that the apparitions were bots (52.4%), while somewhat

less felt they were other players (41.5%). The rest were unsure or gave other less common

answers (e.g., that the characters were themselves).

What did you think of them?

Most players felt that the apparitions were helpful (33%). Other players felt neutral towards

the apparitions (22%), irritated by them (11%), interested by them (8%), felt they were

skilled (7%), or similar to themselves (4%). Smaller numbers of people felt that they were

unhelpful (3%), confusing (3%), unskilled (3%), odd (3%), or some other response (3%).

Players that viewed apparitions as helpful vs. irritating

We additionally compared the two clusters of players that viewed the apparitions as helpful

and irritating. Participants that were irritated by apparitions in general performed better3

than participants that were allegedly helped by apparitions. Moreover, participants that were

irritated reported having a less challenging experience. Engagement was higher4 in the

group of participants that said apparitions were helpful. This suggested to us that apparitions

may be irritating to high-performers but helpful to lower-performers.

Experiment-Specific Discussion (Phantoms vs. Non-Phantoms)

We first summarize our findings:

• Apparitions participants had lowest affect.

• Apparitions participants were highest performing.

• Apparitions appear better for novices, worse for experts.

3Higher levels completed, less hints used
4Higher flow, affect, etc.
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Apparitions players experienced less challenge, and used less hints. While the argument can

be made that apparitions, in a sense, give away the solution, one important distinction is

that they serve only to trace the path and do not reveal code. While this may be helpful to

remind users of potential paths, both failure cases and success cases, apparitions may act as

supports in other ways as well.

Participant No. 174 said:

Each character gave me motivation to try to solve each problem as fast as I

could. I didn’t feel it was a competition, but I knew if other people were solving

each level then I could do it also.

Therefore, it is possible that apparitions can act as a motivational tool of sorts, a reminder

that the levels are solvable. Apparitions also, however, reduced positive affect towards the

game.

It made me mad. I like to figure things out myself. I don’t like to feel like I’ve

been given an advantage. [...]

The players that said they were irritated by the apparitions reported less challenge and

had higher performance than the players that said they were helped by the apparitions.

This suggests that apparitions may be helpful for some, in particular more novice players.

Participant No. 424 said that the apparitions made the game “less lonely”, suggesting that

players “click for that feature”. Such a toggle could make apparitions amenable to both

novices and experts alike.

Apparitions may be an effective mechanic. Apparitions participants had higher performance,

reported lower challenge, and many cited apparitions as making the game less lonely.

However, some participants felt irritated by the apparitions. Results suggest apparitions are

beneficial to novices. The overhead of implementing apparitions is low: a basic database

and some network messages. Apparitions are both companions and reminders that a solution

exists. The prudent use of apparitions in educational games can add “life”, even to what

appears a solitary struggle.
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5.2.2 Red vs. Blue

Previous Experiment: Phantoms vs. Non-Phantoms

Category: Additional Avatar Experiments

Next Experiment: Feedback Positive vs. Negative vs. Neutral vs. Nothing

Experiment Overview (Red vs. Blue)

The color red has been shown to hinder performance, motivation, and affect in a variety

of contexts involving cognitively demanding tasks [146, 190, 244, 271, 314, 329, 374, 376,

493]. Teams wearing red have been shown to impair the performance of opposing teams

[136, 235, 254, 424], present even in online gaming [251]. Although color is strongly

contextual (e.g., red-failure association), its effects are posited to be sub-conscious [171] and

operate powerfully even on nonhuman primates, e.g., Rhesus macaques (Macaca mulatta)

take food significantly less often from an experimenter wearing red [296]. Here, we present

one of the first studies on avatar color in a single-player game. We compared players using a

red avatar to players using a blue avatar. Using the Game Experience Questionnaire (GEQ)

[249], we find that players using a red avatar had a decrease in competence, immersion and

flow. Our results are of consequence to how we design and choose colors in single-player

contexts.

Experiment-Specific Background (Red vs. Blue)

Over 120 years of research on color and its effects on humans have led to Color-In-Context

(CIC) theory [145]. CIC has six premises: (1) Color carries meaning, i.e., color is more

than aesthetics, (2) Color influences psychological functioning, e.g., colors are evaluated

to be hospitable or hostile [80, 144, 316, 565], (3) Color effects are outside of conscious

awareness [313, 337, 423], (4) Color meaning is both learned and intrinsic, i.e., paired color

associations such as pink is feminine; color vision as an adaptation [91, 246, 258, 383], (5)

Color perception influences affect, cognition, and behavior, and vice versa [73, 213, 379],
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(6) Color is context-specific, e.g., pink is frequently viewed as feminine on a baby’s blanket,

but not on Bazooka bubble gum [523].

This gives us a framework for understanding how color may affect us in digital spaces.

For example, most students in primary school are primed to associate red and failure in an

evaluative context [374, 382, 439, 471]5. Moreover, red has associations with blood, danger,

fire and anger. Red has been posited to be a distractor signal. Since Hill’s seminal paper

on the Athens Olympic Games in 2004 in which it was found that red-wearing competitors

won more bouts than blue-wearing competitors in four different sports [235], there has been

a plethora of research on color, motivation, and achievement. Later work found this work to

be consistent in a variety of sporting domains [136, 235, 254, 424], and even in an online

FPS game [251].

However, one gap in the literature is color in single-player contexts6. To fill this need, we

performed a study comparing players using a red avatar to players using a blue avatar, inside

an educational game of our own creation. Although there is some question to whether, in

the context of a sporting event, the color red is affecting the wearer, the opponents, or the

referees, past work has consistently shown that red reduces mood, affect and performance

in cognitive-oriented tasks [146, 190, 244, 271, 314, 329, 374, 376, 493]. For example,

Lichtenfeld et. al showed that even just peripherally noticing red (e.g., hidden in a question,

in the copyright notes at the end of a page, etc.) can have similar effects [329]. For this

reason, we hypothesized that, if there were to be any effect on performance and game

experience, that it would favor the blue avatar over the red avatar.

Experiment-Specific Methods (Red vs. Blue)

Our experiment aims to compare two colors of avatar: (a) blue avatar, and (b) red avatar. The

goal is to see if participants using the two colors of avatar have differing game performance

5This association is not necessarily true across culture. For instance, an upward rise in China’s stock market
is represented in red [261, 567].

6Multiplayer studies on color exist [134, 251, 425], as do a few on colored environments [268, 400], but
there are few studies on avatar color in single-player games.
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(a) Blue Avatar. (b) Red Avatar.

Figure 5-19: Avatars.

and game experience as measured by the GEQ. We strongly suspected ahead of time

that results would favor the blue avatar. The experiment takes place in Mazzy ([278];

Section 3.1).

Avatar Conditions

The two avatar conditions we tested were:

a. Blue Avatar

b. Red Avatar

The avatar was a triangle shape in both conditions, colored either blue or red. Color is

defined by lightness, chroma, and hue. We keep lightness and chroma constant using the

Munsell color system [151]. Only colors that can be displayed with good accuracy on a

computer screen were considered7. The specific colors chosen were 7.5PB 5/18 ( ) and 5R

5/18 ( ). See Figures 5-19a and 5-19b. Inside the game, the avatar consists of a 60 x 60

pixel game character that moves according to the user’s programs.

Quantitative and Qualitative Measures

For performance, we only analyze the number of levels completed by players. For measuring

game experience, we use the GEQ [249].

Participants

507 participants were recruited through Mechanical Turk. The data set consisted of 278

7http://www.andrewwerth.com/aboutmunsell/
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male, and 229 female participants. Participants self-identified their races/ethnicities as

white (407), black or African American (29), Asian Indian (24), Chinese (5), Korean (4),

American Indian (3), Vietnamese (3), Japanese (2), Filipino (1) and other (29). Participants

were between the ages of 18 and 65 (M = 30.3, SD = 8.7), and were all from the United

States. Participants were reimbursed $1.50 to participate in this experiment.

Design

A between-subjects design was used: avatar color was the between-subject factor. Partici-

pants were randomly assigned to a condition.

Protocol

Prior to starting the game, players were informed that they could exit the game at any

time via a gray button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which then prompted them with the GEQ and then a demographics survey.

Analysis

Data was extracted and imported into Statistical Package for Social Science (SPSS) version

22 for data analysis using multivariate analysis of variance (MANOVA). The dependent

variables were–GEQ items; and the independent variable was–avatar color (blue or red). All

the dependent variables are continuous variables. The independent variable avatar color (i.e.,

0 = blue, 1 = red) was a dichotomous variable. To detect the significant differences between

blue avatar and red avatar, we utilized one-way MANOVA. We also ran an independent-

samples t-test on the variable–levels completed. These results are reported as significant

when p<0.05 (two-tailed). Prior to running our MANOVA, we checked both assumption

of homogeneity of variance and homogeneity of covariance by the test of Levene’s Test of

Equality of Error Variances and Box’s Test of Equality of Covariance Matrices; and both

assumptions were met by the data (p>.05 for Levene’s Test, and p>.001 for Box’s Test).
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Red Avatar
Blue Avatar
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Figure 5-20: Game Experience Ques-
tionnaire (GEQ) responses for all partici-
pants.

Figure 5-21: Game Experience Ques-
tionnaire (GEQ) responses for male and
female participants.

Results & Findings (Red vs. Blue)

• Blue led to higher flow than Red

• Blue led to higher immersion than Red

• Blue led to higher competence than Red

• Blue led to higher (avatar) affect than Red

Aggregate

A MANOVA revealed a statistically significant difference in GEQ responses based on the
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participant’s avatar color, F(42, 464) = 1.43, p <.05; Wilk’s 𝜆 = 0.885, partial 𝜂2 = .12. See

Figure 5-20. Pair-wise comparisons revealed that the blue avatar GEQ rating was higher

on “I was fully occupied with the game” (flow), p = .015, “It felt like a rich experience”

(immersion), p = .018, and “I felt competent” (competence), p = .044. Blue was marginally

higher on “I felt completely absorbed” (flow), p = .058, “I forgot everything around me”

(flow), p = .077, “I lost track of time” (flow), p = .056, “I felt imaginative” (immersion), p =

.099, “I felt that I could explore things” (immersion), p = .094, “I felt skillful” (competence),

p = .068, “I was good at it” (competence), p = .059, and “I felt successful” (competence), p

= .061. The other dimensions (challenge, tension, affect) showed no significant differences.

Levels completed by players using red (7.80) did not significantly differ from players using

blue (7.74), p >0.05.

Gender

We wanted to investigate if the previous differences appeared to affect both genders. From

Figure 5-21, we can see that the general trend is the same as in Figure 5-20 for both genders

(i.e., blue > red across the three measures). However, the effect appears to be weaker

in female participants. The effective difference in male participants compared to female

participants is 12x larger for flow, 3x larger for immersion, and 1.3x larger for competence.

These results are consistent with literature that suggests red is more impactful on men

[235, 245].

Text Responses

Using Linguistic Inquiry Word Count (LIWC) 2015 [430], we analyzed text responses

of participants’ answers to “Describe how you felt about your avatar”. LIWC found that

negative sentiment was significantly higher for players using the red avatar (6.09) than for

players using the blue avatar (3.29), t(503) = 1.973, p <.05. Positive sentiment in players

using the red avatar (8.18) did not significantly differ from players using the blue avatar

(8.85), p >.05.

Were the colors hard to see?
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To determine if the color negatively interacted with the game background, participants were

asked “The avatar was hard to see” (1: Not at all, to 5: Extremely). Both blue participants

(M = 1.36, SD = 0.76) and red participants (M = 1.30, SD = 0.70) had low scores, suggesting

both avatar colors were clearly visible. Scores did not differ between the two conditions, p

>.05.

Limitations

Color stimuli varies on hue, lightness, and chroma. According to Elliot et. al [145],

nearly all existing studies fail to control for these in color manipulations. This makes both

interpretation and replication impossible. For example, the majority of research uses hues

which the investigators believe are the most ideal representatives. However, the problem is

that this almost undoubtedly confounds color properties; for instance, “prototypical red” is

more intense than “prototypical yellow”.

The colors in this experiment were selected from the Munsell color system, such that the

following criteria were met: (1) the colors are equal in lightness and chroma, (2) the colors

do not clash with the game interface, and (3) the colors are accurate on calibrated monitors.

Nonetheless, users each have their own individual monitors, graphic cards, and calibration

settings. Not all users will see “exactly” the same color (as in a laboratory setting), but this

approach strengthens external validity and reflects realistic applied settings. We do note that

our participants were all from the U.S.

Experiment-Specific Discussion (Red vs. Blue)

Our results suggest that avatar color has significant effects on player flow, immersion,

and competence. Although we have only investigated two of the colors most prevalent in

literature [376], it’s reasonable to hypothesize that other colors may also impact players. For

instance, it was found in [268] that different colored environments may impact affect. To the

best of our knowledge, this is one of the first studies to research the effects of avatar color in

a single-player context. These results extend and support work on first-person shooter (FPS)
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multiplayer games in which it is hypothesized that blue teams are at a disadvantage because

they “see red” [251].

In this study, we found that red had a negative effect on participant flow, immersion,

competence, and avatar affect. Biologically, it has been hypothesized that the color red

is a distractor signal to humans. Red causes a lower so-called high frequency heart rate

variability (HF-HRV), measured via an electrocardiogram (ECG) [143]. These lower levels

of HF-HRV are correlated to an increase in worry and anxiety [169, 170, 376].

However, color is context-specific. Although the color red has been found to hinder motiva-

tion, performance, and affect in cognitive tasks [146, 190, 244, 271, 314, 329, 374, 376, 493],

red has been shown to promote approach-like tendencies when in the context of “dating”

[375]. The current investigation used as a setting a computer science learning game, and

so it is reasonable to predict that red is hindering. Such effects may translate to changes in

academic self-concept [488]. However, were the color red presented in the context of, e.g.,

a social game ([368, 405], etc.), it’s possible that it’s effects would be less negative.

5.3 Interface Experiments

Experiment listing:

Feedback Positive vs. Negative vs. Neutral vs. Nothing

Mini-Game Loss vs. Near-Win vs. Win

Game Theme Basic vs. Circuit vs. RPG vs. Choice

Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice

5.3.1 Feedback Positive vs. Negative vs. Neutral vs. Nothing

Previous Experiment: Red vs. Blue

Category: Interface Experiments
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Next Experiment: Mini-Game Loss vs. Near-Win vs. Win

Experiment Overview (Feedback Positive vs. Negative vs. Neutral vs. Nothing)

Encouragement (e.g., “You’re doing well”) given at regular intervals improves performance

in a variety of sporting domains [13, 128, 205]. This improvement is regardless of the

actual performance of participants. However, it has not been studied how this type of

encouragement can affect players of video games. In the current study (N = 662), we look

at the following encouragement conditions: (1) Positive (e.g., “You’re doing good”), (2)

Negative (e.g., “You’re doing badly”), (3) Neutral (e.g., “You’re doing average”), and (4)

None. Via the Game Experience Questionnaire (GEQ) [249], participants in the Neutral

condition had significantly improved flow, immersion, and affect than participants in the

None condition. Moreover, participants in both the Positive and Neutral conditions had the

highest overall GEQ ratings. These findings are directly relevant to educational games.

Experiment-Specific Background (Feedback Positive vs. Negative vs. Neutral vs.

Nothing)

Simple phrases of encouragement (e.g.,”You’re doing well”) delivered at 30-second intervals,

significantly improves performance in walking distance [205]. Numerous studies have

reproduced similar results in a variety of strength and endurance domains [13, 128, 381, 556].

However, few studies on these types of interventions have been studied in games. O’Rourke

et. al found that encouraging the development of a growth mindset, or the belief that

intelligence is malleable, increases player perseverance [142, 406]. To the best of our

knowledge, however, no studies have attempted to study this simple encouragement inside

games.

Encouragement is different from feedback, in that it doesn’t necessarily encode information

about performance [303, 384, 444, 478]. Our experiment follows a similar model to previous

ones on encouragement [13, 128, 205, 381, 556]. The encouragement is: 1) Always the
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Condition Sentence Score
Positive You’re doing well 3.10
Positive Don’t give up! 2.44
Positive You’re almost there 2.29
Negative You work poorly -3.43
Negative You’re on the wrong track -2.12
Negative You’re still far away -1.53
Neutral You are doing standard work 0.08
Neutral You’re doing average 0.03
Neutral You’re doing typically 0.01

Table 5.14: Example sentences

same valence depending on condition, 2) Speaks to the task at hand and not the learner,

and 3) Dispensed at regular time intervals [71, 393, 497]. Our goal is to study how game

experience is affected by encouragement, and whether it is positively affected relative to no

encouragement at all.

Expeirment-Specific Methods (Feedback Positive vs. Negative vs. Neutral vs. Nothing)

Our experiment aims to compare four encouragement conditions: (1) Positive, (2) Negative,

(3) Neutral and (4) None. The goal is to see if participants in these conditions have different

game performance and game experience as measured by the GEQ The experiment takes

place in Mazzy ([278]; Section 3.1).

Creating Sentences

In designing the sentences for each condition, 150 sentences were drafted (50 for each

of positive, negative, and neutral conditions). These were developed based on previous

encouragement studies [39, 205, 470]. We then recruited 103 U.S. participants to rate the

sentences on a scale of -5:Very Negative to 5:Very Positive. Intraclass correlation on the

questions was ICC = 0.99 (two-way random, average measures [496]), indicating high

agreement.



5.3. INTERFACE EXPERIMENTS 157

Figure 5-22: Positive condition. Figure 5-23: Negative condition.

20 sentences were then randomly selected for each condition. In doing so, each randomly

selected positive sentence was matched to the negative sentence with the closest opposite

numeric valence score. The average words per sentence did not differ significantly between

any of the conditions, p > .05. The final average valence scores for the positive sentences

was 2.75, for the negative sentences -2.75, and for the neutral sentences 0.00. See Table

5.14 for examples.

Conditions

The four encouragement conditions we tested were:

1. Positive

2. Negative

3. Neutral

4. None

Sentences appeared centered at the bottom of the screen in 28 px font. The words appeared

on a 46 px high semi-transparent black bar. Procedure, instructions, gameplay, were all

exactly identical across all conditions, only the sentences appearing were different. One

randomly chosen sentence was shown at 30 second intervals. Each sentence was displayed

for 15 seconds. In the None condition, the black bar was still displayed, but no text was

shown. See Figures 5-22, 5-23, 5-24, and 5-25.

Quantitative and Qualitative Measures

For performance, we looked at number of levels completed by players. For measuring game
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Figure 5-24: Neutral condition. Figure 5-25: None condition.

experience, we use the GEQ [249].

Participants

662 participants were recruited through Mechanical Turk. The data set consisted of 51.6%

male, and 48.4% female participants. Participants self-identified their races/ethnicities as

white (80.5%), black or African American (9%), Chinese (2.3%), Asian Indian (1.2%),

Filipino (0.9%), Korean (0.8%), American Indian (0.6%), Japanese (0.5%), and other (4.1%).

Participants were between the ages of 18 and 78 (M = 32.3, SD = 9.7), and were all from

the United States. Participants played the game a single time for an average length of 22.9

minutes. Participants were reimbursed $1.50 to participate in this experiment.

Design

A between-subjects design was used: encouragement valence was the between-subject factor.

Participants were randomly assigned to a condition.

Protocol

Prior to starting the game, players were informed that they could exit the game at any

time via a red button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which then prompted them with the GEQ and then a demographics survey.

Analysis

Player responses were analyzed using multivariate analysis of variance (MANOVA) in SPSS.
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The dependent variables were–GEQ items; and the independent variable was–encouragement

(positive, negative, neutral, or none). All the dependent variables are continuous variables.

The independent variable encouragement (i.e., 0 = positive, 1 = negative, 2 = neutral, 3

= none) was a quadchotomous variable. To detect the significant differences between

encouragement conditions, we utilized one-way MANOVA. We also used one-way ANOVA

on the variable–levels completed. These results are reported as significant when p<0.05

(two-tailed). Before running MANOVA, all the variables included in the analyses were

checked, and there were 17 outliers detected [236]. These 17 outliers were excluded from

further analysis. Prior to running our MANOVA, we checked assumption of homogeneity of

variance by the test of Levene’s Test of Equality of Error Variances; and the assumption was

met by the data (p>.05).

Results & Findings (Feedback Positive vs. Negative vs. Neutral vs. Nothing)

Participants in the Neutral condition had significantly improved flow, immersion, and

affect than participants in the None condition. Moreover, participants in both the

Positive and Neutral conditions had the highest overall GEQ ratings.

Aggregate

The one-way ANOVA found no significant effect of encouragement valence on levels

completed, F(3, 641) = 1.51, p = 0.21 (see Table 5.15).

A MANOVA revealed a statistically significant difference in GEQ responses based on the

participant’s encouragement valence, F(126, 1799) = 1.44, p <.005; Wilk’s 𝜆 = 0.750, partial

𝜂2 = .09. See Figure 5-26.
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Figure 5-26: Game Experience Questionnaire (GEQ) responses.

Univariate testing found the effect to be significant for the following items:

∙ Flow:

“I felt completely absorbed”, p <0.001.ad

“I was deeply concentrating on the game”, p <0.05.a

∙ Immersion:

“I was interested in the game’s story”, p <0.01.a
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Valence N Mean SD
Positive 147 7.69 2.79
Negative 161 7.16 2.85
Neutral 151 7.78 2.78
None 186 7.49 2.84

Table 5.15: Overall level completion statistics.

“I felt imaginative”, p <0.005.ad

“I felt that I could explore things”, p <0.005.a

“I found it impressive”, p <0.005.a

“It felt like a rich experience”, p <0.005.a

∙ Competence:

“I felt skillful”, p <0.05.a

“I felt strong”, p <0.05.a

“I was good at it”, p <0.01.b

“I felt successful”, p <0.001.abc

“I was fast at reaching the game’s targets”, p <0.01.ab

∙ Challenge:

“I felt that I was learning”, p <0.05.a

“I felt stimulated”, p <0.005.ab

“I felt time pressure”, p <0.05.c

∙ Tension:

“I felt tense”, p <0.05.bc

“I felt restless”, p <0.01.a

“I felt annoyed”, p <0.001.abc

“I felt irritable”, p <0.005.ab

“I felt frustrated”, p <0.05.ac

“I felt pressured”, p <0.005.abc

∙ Positive Affect:

“I felt content”, p <0.001.abc

“I felt happy”, p <0.001.a
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“I felt good”, p <0.001.abc

“I enjoyed it”, p <0.001.abd

“I thought it was fun”, p <0.001.abd

∙ Negative Affect:

“I thought about other things”, p <0.01. a

“I found it tiresome”, p <0.01. ad

“I felt bored”, p <0.001.abd

“I was distracted”, p <0.05.a

“I was bored by the story”, p <0.01.a

“It gave me a bad mood”, p <0.05.c

In order to compare the effects of encouragement type on these measures, we additionally

calculated posthoc comparisons (Tukey HSD) between all conditions. Superscripts denote

cases when Neutral outperforms Negative (a), Positive outperforms Negative (b), None out-

performs Negative (c), and Neutral outperforms None (d). We note that the sheer consistency

across all questions indicates an ordering (i.e., Figure 5-26).

Why Does Neutral Outperform Positive?

Participants in the Neutral condition have the highest GEQ ratings (aside from competence).

Investigating, we looked at responses to “How did you feel about the [encouragement] text

in the game?”. Words most often used to describe the encouragement text in the Positive

condition were “encouraging” and “positive”. Participant No. 27 described it as:

“It was encouraging. Made me smile a bit even though I knew I was doing

terrible at the game.”

Some participants (13%) found the positive encouragement text less helpful. Participant No.

98 said:

“I liked that the feedback was encouraging, but it seemed “fake” in the sense that

no matter what I did, I was going to receive positive feedback. That cheapened

it a bit.”
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On the other hand, players used words like “indifferent” and “encouraging” to describe the

words in the Neutral condition. Participant No. 119 said:

“Sort of helpful. It made me feel a little better knowing I was at least average,

when I figured I was totally sucking.”

Participant No. 115 said:

“I felt like it brought me down a little and added a little bit of pressure, yet I

could ignore it easily had I wanted too [sic].”

Participants No. 22 and No. 56 suggested that “it [the neutral text] pushed me to work

harder” and “it [the neutral text] was humorously neutral”. From these responses, it’s

clear that the impacts of encouragement were variable. Virtually all participants found the

positive encouragement text to be helpful early on. However, many players that progressed

past half-way (Level 7 and onwards) found the text to be “fake”. For these players, the

following three things were happening simultaneously: 1) The game was becoming harder,

2) The participants were experiencing frustration, and 3) The positive text combined with

the participant’s frustration served only to further increase frustration.

On the other hand, participants in the neutral encouragement condition did not have re-

sponses that varied by how far they had progressed in the game. They expressed a level

of indifference; a few participants explicitly stated the neutral text had a motivating effect,

e.g., to be better than average. Contrary to the participants in the positive encouragement

condition, participants in the neutral encouragement condition never felt that the text was

fake.

Experiment-Specific Discussion (Feedback Positive vs. Negative vs. Neutral vs. Nothing)

We have seen from our results that players with neutral and positive encouragement had the

highest engagement. Our measurement instrument was the GEQ. The GEQ was used for

its multiple subscales which assess different components of the player experience, and it is
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both a widely used and recognized instrument [402]. Although the GEQ was adequate for

measuring engagement, there are a number of viable alternatives [401]. Instruments such

as the Big Five Inventory (BFI) [263] could further shed light on the moderating effects of

player personality.

Research on Feedback Interventions (FIs) have shown that predicting the effect of any

given feedback is contingent on a wide array of factors: personality, feedback type (verbal,

etc.), frequency of feedback, task complexity, task novelty, type of task (physical, etc.), etc.

[70, 303, 312, 394, 397, 461, 497]. Therefore, researchers should be wary of prescribing

general guidelines regarding encouragement.

Keeping in mind the numerous contextual moderators, our results suggest that encourage-

ment can improve game experience. Even in a setting where the encouragement was not

directly connected in any way to the gameplay, results showed significant increases in flow,

immersion, positive affect, etc. Positive encouragement appeared to benefit players most

when the game was easy; those benefits tapered as the game progressively became harder (the

results are consistent with work in which insincere praise has a negative effect [229, 440]).

Encouragement models that better match player performance, e.g., acknowledging the

player’s struggles in an encouraging tone, could yield greater benefits.

In this experiment, we have explored the effects of different types of encouragement. We

have shown that encouragement (relative to no encouragement) can improve the game

experience of players. This is consistent with other work on encouragement [13, 128, 205,

381, 556]. While being mindful of the highly contextual nature of this topic, educational

games can consider encouragement as a means to improve game experience. Better engaging

learners is one route towards creating more meaningful learning experiences [56].

5.3.2 Mini-Game Loss vs. Near-Win vs. Win

Previous Experiment: Feedback Positive vs. Negative vs. Neutral vs. Nothing

Category: Interface Experiments
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Next Experiment: Game Theme Basic vs. Circuit vs. RPG vs. Choice

Experiment Overview (Mini-Game Loss vs. Near-Win vs. Win)

This exploratory study was influenced by various works on how winning/losing can have

various impacts on subsequent performance, testosterone, intrinsic motivation, etc. e.g.,

[31, 43, 61, 68, 72, 92, 112, 119, 147, 155, 156, 267, 366, 447, 448, 486, 502, 532]. It

was particularly motivated by Wadhwa and Kim’s study which proposed that just failing

to obtain a reward was more motivating than clearly winning or clearly losing. In their

experiments, they found that a near win increased motivation in a variety of contexts [532].

We were interested in whether such a manipulation would positively affect players in our

own environment.

Our experiment involved playing Mazzy, except immediately before, they played a mini-

game. Players are told “While the game loads, you will have a chance to play a mini-game.

This game involves clicking on tiles, and uncovering checkmarks or Xs. You have 8 clicks.

If you uncover 8 checkmarks, you win the mini game.”. In the clear loss condition, players

uncover an X in the first click. In the near win condition, players uncover 7/8 checkmarks,

and uncover an X on the last click. In the win condition, players uncover all 8 checkmarks.

Overall, we found that the Near Win condition had an insignificant effect. There were some

interesting trends, such as longer total play time (~3 minutes more on average), slightly

faster level completion time, etc. but statistically these were not significant at our sample

size. Being that the study results were inconclusive, we posit that perhaps other factors

could have increased the relevance of the mini-game to the player, e.g., offering a tangible

monetary reward.
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5.3.3 Game Theme Basic vs. Circuit vs. RPG vs. Choice

Previous Experiment: Mini-Game Loss vs. Near-Win vs. Win

Category: Interface Experiments

Next Experiment: Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice

Experiment Overview (Game Theme Basic vs. Circuit vs. RPG vs. Choice)

The results of over twenty-five years of research seem clear: the addition of seductive visual

details in video games hinders performance of learners [178, 455, 513]. Yet, countless

other research results propose the opposite: that visual embellishments and well-designed

ambiguity instead improve learners’ performance, engagement, and self-efficacy [488, 517,

554]. To shed light on this apparent contradiction, we devised a particular experiment

using game skins to implement variations in visual themes of a computer game. Game

skins are coherent, interchangeable sets of graphical assets that all implement the same

underlying game structure while varying the visual appearance (for instance, see Figure

5-27). In particular, we implemented the following four game skins labeled and described

as follows: 1) Generic theme with no embellishments (simple flat color background), 2)

Fantasy game theme (forest, snow, and desert adventure backgrounds), 3) STEM-oriented

theme (computer circuitry background), and 4) Choice (the user picks one of the previous

three options). Our goal is determining if there are differences in performance, engagement,

and self-efficacy between conditions. The upshot is that the generic condition participants

had highest performance (levels) and had highest programming self-efficacy—followed by

choice, fantasy game setting, circuitry. However, ordering of conditions for engagement

was precisely opposite the trend for performance. We conclude by discussing the trade-offs

between the two diametrically opposed approaches to game themes and embellishment:

instrumental game skins vs. thematic and deliberately embellished game skins.
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Experiment-Specific Background (Game Theme Basic vs. Circuit vs. RPG vs. Choice)

One of the largest paradigm shifts in the last thirty years has been movement away from

the learning as an acquisition metaphor [490] and instead toward a concept of learning

as fundamentally contextually situated [27, 198, 317, 318, 322, 450, 534, 543, 563]. One

resultant argument is that people develop deep expertise—islands of expertise—that then

lead to the formation of overarching themes, abstract enough that they engender further

learning both within and outside of the original topic of interest [111, 491]. Given the

vast proliferation of educational games, adaptive learning systems, and MOOCs in recent

years [564], it is increasingly important to understand the significance how educational

content is situated within computer-based learning environments [137, 180, 349, 457, 554],

e.g., ranging from STEM-oriented to fantasy settings in educational games. For decades

researchers have found that embellishing instruction with fantasy content, improves instruc-

tional efficacy, e.g., as in [19, 106, 113, 453, 488]. Games are touted to move beyond the

“content fetish” [184] so prevalent in society and to immerse players in an experience where

there is intentional inefficiency in conveyed content. That is, instead of trying to rush toward

“instrumentalized” games [571], it is specifically the embellished ambiguities that create

opportunities to explore [174].

Yet, in making this argument we need to account for the fact that this is the opposite of what

some researchers in the learning sciences would postulate. The opposing viewpoint holds that

that such embellishments would constitute seductive details that impede educational efficacy

[127, 178, 217, 321, 417, 455, 469, 481, 513]. The coherence principle of multimedia

learning is a culmination of this line of work. It advises removing any illustration not of

fundamental importance to the instructional goal [97, 363].

Here, our goal is to explore and investigate these opposing viewpoints. We consider how

three different game skins affect participants’ performance, engagement, and self-efficacy.

We find that the more embellished and more ambiguous, game skins thwart performance,

but improve engagement. Our results suggest that simpler game skins improve performance,

but reduce engagement. Such a trade-off is particularly important in educational games, in
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which both performance and engagement are highly desirable to the end goal [56, 225]. We

conclude with a reflective discussion on how educators and developers might navigate this

dual goal.

Experiment-Specific Methods (Game Theme Basic vs. Circuit vs. RPG vs. Choice)

Our experiment compared the impacts of four game skin conditions: (a) Generic Theme, (b)

Fantasy Theme, (c) STEM Theme (circuit board), and (d) User Choice. The goal was to see

if participants using different game skins vary in performance, engagement, and self-efficacy.

We suspected that (1) the generic skin would have the highest performance, but that (2)

the embellished skins would have the highest engagement. The experiment takes place in

Mazzy ([278]; Section 3.1).

Game Skin Conditions

The four game skin conditions we tested were:

a. Generic Theme

b. Fantasy Theme

c. STEM Theme

d. User Choice

The generic theme was specifically made to have no embellishments, just flat color. The

fantasy theme and STEM (circuitry) theme were heavily embellished in their respective

themes (see Figures 5-27, 5-28 and 5-29). A choice condition was included to test if users

given choice of game skin have improved performance [20, 35, 106, 115, 149, 164, 215,

266, 295, 355, 422, 472]. This lattermost condition begins with players selecting a game

skin—choices always appear in a random order—afterwards all aspects of the game are

exactly identical. See Figure 5-30. The player avatar is a blue triangle (Munsell color 7.5PB

5/18)—the avatar color was chosen to minimize interaction effects with game skins. This

was later checked post-game, e.g., virtually all players irrespective their condition (given

a range of 1: Strongly Disagree to 5: Strongly Agree) strongly disagreed that the avatar
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clashed with the background (M=1.46, SD=0.89).

Quantitative and Qualitative Measures

Performance was measured as a function of levels completed, number of attempts, and num-

ber of hints. Engagement was measured using the Player Experience of Needs Satisfaction

(PENS) scale [474] and the Game Experience Questionnaire (GEQ) [249]. Self-Efficacy

was measured using the Computer Programming Self-Efficacy Scale (CPSES) [443]. Our

instrument was a selected portion of the original CPSES scale. Principal components analy-

sis (PCA) was performed to assess construct validity, with high validity metrics; reliability

using Cronbach’s alpha was also high, 94.4 percent. See Table D.1.

Participants

1172 participants were recruited through Mechanical Turk (demographics Table 5.16).

Participants were reimbursed $1.50 to participate in this experiment.

Design

A between-subjects design was used: game skin condition was the between-subject factor.

Participants were randomly assigned to a condition.

Protocol

Prior to starting the game, players were informed that they could exit the game at any

time via a red button in the corner of the screen. When participants were done playing

(either by exiting early, or by finishing all 12 levels), participants returned to the experiment

instructions, which then prompted them with PENS, GEQ, and CPSES, then a demographics

survey.

Analysis

Data was analyzed in SPSS using MANOVA. The dependent variables are levels completed,

number of attempts, number of hints, and the PENS, GEQ, and CPSES; the independent

variable is game skin condition. All the dependent variables are continuous variables.
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The independent variable game skin condition (i.e., 0=generic, 1=fantasy, 2=circuitry,

3=choice) was a quadchotomous variable. A MANOVA was run for performance and for

each questionnaire. Before running MANOVAs, all the variables included in the analyses

were checked. There were univariate outliers and also multivariate outliers, but no outlier

was statistically significant so they were retained. One participant was removed for investing

minimal effort (0 attempts, 0 levels completed). Prior to running our MANOVAs, we

checked both assumption of homogeneity of variance and homogeneity of covariance by

the test of Levene’s Test of Equality for Error Variances and Box’s Test of Equality of

Covariance Matrices. Levene’s test was met by the data (p>.05), but Box’s test (p<.05)

was found untenable. To address this violation, Pillai’s Trace was used instead of Wilk’s

Lambda.

Results & Findings (Game Theme Basic vs. Circuit vs. RPG vs. Choice)

Both embellishment and ambiguity appear to improve engagement but decrease performance.

Performance was ordered: generic > choice > fantasy > STEM. Self-efficacy was ordered the

same. Engagement was ordered: STEM > fantasy > choice > generic. This was consistent

across several measures. The following lists describe these results in terms of performance,

self-efficacy, and engagement in fuller detail.

Performance

• Average playtime 21.2 minutes—no notable differences across conditions.

• Overall MANOVA was significant, p<0.001 (Table D.2).

• Univariate tests found all measures to be significant, p<0.05 (descriptives Table D.3,

posthocs Table D.4).

• Across all performance measures, performance was consistently ordered: generic >

choice > fantasy > STEM (see Figure 5-31).

• Moreover, this effect was found to be true throughout the entire game.

Self-Efficacy



5.3. INTERFACE EXPERIMENTS 171

• Overall MANOVA was significant, p<0.05 (Table D.5).

• Univariate tests found eight (of twelve) CPSES questions to be significant, p<0.05

(descriptives Table D.6, posthocs Table D.7).

• On average, similar ordering to performance: generic > choice > fantasy > STEM

(see Figure 5-32).

Engagement (GEQ)

• Overall MANOVA was significant, p<0.001 (Table D.8).

• Univariate tests found eighteen GEQ questions to be significant, p<0.05 (descriptives

Table D.9, posthocs Table D.10).

• On average, engagement was ordered: STEM > fantasy > choice > generic (see Figure

5-33).

Engagement (PENS)

• Overall MANOVA was significant, p<0.001 (Table D.11).

• Univariate tests found six PENS questions to be significant, p<0.05 (descriptives Table

D.12, posthocs Table D.13).

• Consistently, across all questions on autonomy, relatedness, and presence, conditions

were ordered: STEM > fantasy > choice > generic (see Figure 5-34).

Choice

• Choice had no notable influence on performance, self-efficacy, engagement.

• True even when accounting for the skewed distribution of choices—generic (25%),

fantasy (52%), STEM (23%) (descriptives Table D.14).

• One potential explanation is that the choice presented was not very meaningful to

participants [150, 164, 292, 462].
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Experiment-Specific Discussion (Game Theme Basic vs. Circuit vs. RPG vs. Choice)

Here, we discuss the importance of our findings, why they may have arose, and reflect on

how developers and educators might navigate the trade-offs involved in two diametrically

opposed approaches to game themes and embellishment.

We first summarize our findings:

• Generic skin condition participants had highest performance

• Generic skin condition participants had highest self-efficacy

• STEM/Fantasy condition participants had highest engagement

Why is this important? Games are clearly becoming ubiquitous—in 2015, the Entertainment

Software Association (ESA) estimates that 155 million Americans play video games, 4/5

U.S. households own a device used to play video games, and 42% of Americans play video

games regularly (3 hours or more per week) [148]. Moreover, educators are increasingly

trying to harness the potential of games for education; embedding content in fantasy settings

is quickly becoming pervasive [19, 106, 113, 184, 224, 453, 488]. This approach has also

been commercialized, e.g., Classcraft [? ], CodeCombat [3], etc. However, developers’

knowledge of how such embellishments may affect users in game-like environments is

lacking. In the study reported on here, we found that embellishments may have significant

effects on user performance, engagement, and programming self-efficacy. The implications

are important, e.g., self-efficacy is a strong predictor of women’s career choices, especially in

regards to STEM fields [45, 65, 410]. Moreover, performance and engagement are measures

strongly correlated with learning and motivation [56, 225]. Thus, levels of embellishment

appear to significantly influence users on a wide variety of crucial constructs.

Why did this happen? We posit that one cause is seductive details, which interfere with

problem solving abilities in high cognitive load environments [417, 418]. This happens

because of three things [217]: distraction (taking attention away from the relevant and

moving it towards the irrelevant) [481], disruption (making it harder to create correct mental

schemas) [321], and diversion (priming prior knowledge that is unhelpful) [217, 465].
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This is well-known in instructional media, where embellishment is known to distract and

also create ambiguity (e.g., line sketches vs. 3D graphics) [77, 364, 365, 483]. Yet some

researchers argue that embellishment has motivational affordances [174, 192, 408, 417].

Our results provide validity to both arguments—in our study comparing game skins, our

results suggest that embellished themes may reduce performance all the while improving

participant engagement.

What should developers do now? The implications are powerful. That the mere graphical

skin of a game can impact users in a variety of important ways means that we can no longer

simply assume that embellishing in fantasy is necessarily positive, e.g., [179, 420, 457,

530, 545, 554], nor the inverse. Instead, we advocate to view embellishment holistically.

In considering literature from different research fields, multiple, seemingly dichotomous

perspectives are reconcilable under the tenet that no global maximum exists. Embellishment

may affect performance adversely, all the while affecting engagement beneficially.

Our results also suggest another path forward. Developers must invest in compelling and

coherent design. We can imagine a type of theme or skin that is elegant, imaginative, and

domain-coherent that is a type of best of both worlds theme that would lead to high levels

of both performance and engagement—themes that avoid unnecessary complexity and

embellishment while maintaining elegant thematic coherence. In the future, we hope to

further untangle the complicated constructs involved in assessing visual themes. Ultimately,

such studies may be valuable for educational designers when it comes to creating diverse

types of computer-based environments for learning.
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Figure 5-27: Levels 1-4
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Figure 5-28: Levels 5-8



176 CHAPTER 5. EXPERIMENTS

Figure 5-29: Levels 9-12
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Figure 5-30: Choice Condition
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Table 5.16: Demographics
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5.3.4 Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice

Previous Experiment: Game Theme Basic vs. Circuit vs. RPG vs. Choice

Category: Interface Experiments

Next Experiment: Badge Type Comparison

Experiment Overview (Game Theme Black/White Basic vs. Circuit vs. RPG vs.

Choice)

Identical to Game Theme Basic vs. Circuit vs. RPG vs. Choice except all game skins are

black and white (see Appendix C). With the goal of exploring the moderating effects of

color, the results have not been published as a result of time constraints. At a high-level,

the results gleaned from this study suggest that for performance and self-efficacy, ordering

of conditions remains the same: generic > fantasy > STEM. However, for engagement,

the ordering is: fantasy > generic > STEM. The STEM theme is poorest in terms of both

performance and engagement. Color appears to play an integral role in the STEM theme.

5.4 Culminating Experiment

5.4.1 Badge Type Comparison

Previous Experiment: Game Theme Black/White Basic vs. Circuit vs. RPG vs. Choice

Category: Culminating Experiment

Experiment Overview (Culminating Experiment)

In our study (N=2189), we divided participants into 6 badge conditions: 1) Role model

badges (e.g., Einstein), 2) Personal interest badges (e.g., Movies), 3) Achievement badges
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(e.g., “Code King”), 4) Choice, 5) Choice with badges always visible, and 6) No badges.

Participants played Mazzy, then used the editor to create their own level. Badges promoted

avatar identification (personal interest, role model), player experience (achievement, role

model), intrinsic motivation (achievement, role model), and self-efficacy (role model)

during both the game and the editor. Independent of badges, avatar identification promoted

player experience, intrinsic motivation, and self-efficacy. Additionally, avatar identification

promoted greater overall time spent in both the game and the editor, and led to significantly

higher overall quality of the completed game levels (as rated by 3 independent externally

trained QA testers). Our study has implications for the design of badge systems and sheds

new light on the effects of avatar identification on play and making.

Experiment-Specific Background (Culminating Experiment)

While the motivational potential of badges has been explored extensively in the last few years

[409, 479, 489], badge studies almost exclusively focus on badges as an achievement repre-

sentation (e.g., [11, 12, 121, 206, 209, 210, 259, 324, 328, 351, 390, 409, 432, 468, 519]).

Yet a plethora of studies have demonstrated that being personally associated [4, 138, 552]

and having role models [78, 357, 373] is crucial, even affecting career choices in mathemat-

ics and CS. As such, we believe that badges representing concepts that are associated with

the self, or badges representing relevant role models could enhance motivation, self-efficacy,

etc.

Badges also have the potential to enhance avatar identification, one facet of game experience

that has been a topic of increasing interest. Avatar identification has been positively corre-

lated to motivation [47, 521], enjoyment [48, 228, 500], long-term participation [298, 512],

learning-related outcomes [22, 32, 202, 299], and other player experience outcomes. While

avatar identification has been studied in games [47, 499, 512, 521], little is known about

how avatar identification impacts constructionist environments. With the rise of construc-

tionist learning in CS [257, 416, 452, 551], and with virtually all environments having a

user representation (user profile, avatar, etc.), this is an increasingly important topic. For
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example, to what extent are users identified with Logo’s turtle, and does it matter?

In this study, we had 4 research questions:

RQ1: Do badges improve identification, need satisfaction, intrinsic motivation, and pro-

gramming self-efficacy in the CS programming game and the subsequent game-making

task?

RQ2: Does avatar identification improve need satisfaction, intrinsic motivation, and pro-

gramming self-efficacy in the CS programming game and the subsequent game-making

task?

RQ3: Does avatar identification translate into higher motivated behavior (time spent, etc.)?

RQ4: Does avatar identification improve created game levels?

We ran a between-subjects study on Amazon Mechanical Turk. Participants played a CS

programming game, then used an editor to create their own level. Participants were divided

into several badge conditions, including role model badges (e.g., Einstein), personal interest

badges (e.g., Movies), and achievement badges (e.g., “Code King”). Independently from

badges, we used hierarchical regression with avatar identification as the predictor.

Badges contributed to greater avatar identification (personal interest, role model), player

experience (achievement, role model), intrinsic motivation (achievement, role model), and

self-efficacy (role model).

Avatar identification consistently improved player experience, intrinsic motivation, and

self-efficacy. Avatar identification promoted greater overall time spent in both the game and

the editor, and led to significantly higher overall quality of the completed game levels (as

rated by 3 independent externally trained QA testers).

To the best of our knowledge, this is the first study to look at badges that represent completely

alternative types. To the best of our knowledge, this is also the first study to look at avatar

identification in a making context. Our study has implications for the design of badge

systems and sheds new light on the effects of avatar identification on play and making.
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Badges

What Is a Badge?

Badges summarize achievement and signal accomplishment [187]. Badges are used in games

(e.g., Xbox 360 [259]), commerce (e.g., eBay, Amazon), education (e.g., Khan Academy),

as physical status icons (e.g., ribbons, medals, trophies), and countless digital applications

(e.g., foursquare, Nike+). Educationally, badges can motivate [11, 153, 350], scaffold

[11, 260, 269], and credential [8, 345, 392]. In this paper, we are primarily interested in the

motivational potential of badges.

In defining badges, it is impossible not to also describe the larger discourse surrounding

gamification. Gamification, or the use of game design elements in non-game contexts

[125], has been studied ubiquitously in education [133, 191, 369], online communities

[50, 172, 515], health [241, 463, 507], and innumerable other domains [489]. Gamification

has been applied to schools (e.g., Quest to Learn [480]), crowdsourced science (e.g., Foldit

[297], Galaxy Zoo [338]), and other domains.

Yet gamification has been contentious [59, 60, 122, 123, 451], critics have argued that its

approaches involve “taking the thing that is least essential to games and representing it as

the core of the experience” [459]. A centerpiece of this discourse is the notion that extrinsic

rewards—e.g., external rewards such as points or in-game currency—can undermine intrinsic

motivation [117], i.e., engaging in a behavior because it is satisfying in and of itself [473].

However, meta-analytic reviews to date have not supported this argument [129, 152, 489].

Moreover, this debate is generally centered around non-game contexts (rewards such as

badges, leaderboards, points, etc. are viewed as essential game components [125]). Our aim

here is to study different types of badges in an educational game.

What Are the Effects of Badges?

Researchers have found that badges increase user activity, e.g., posting trade proposals

in a trading service [209, 210] and affect behavior [11, 206, 351], e.g., Q/A behavior on

Stack Overflow [11, 351]. Badges have been shown to increase student contributions [121],
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promote higher grades [133], enjoyability [162], and can affect the behavior of students

even when badges have no impact on grading [206]. Researchers caution, however, that

badges can have a negative effect on written work [133] and foster undesirable behavior

[162].

Researchers have also found that badges increase forum engagement in MOOCs [12] and

productivity of Wikipedia contributors by 60% [454]. The motivational effects of badges

can vary by person, activity, and badge [5, 62, 160, 434]. Typically, badges are awarded

for fulfilling criteria such as accomplishment [133], participation [11], carefulness [206],

and behavior change [7, 335]. Isolating badge effects is often challenginging, as many

researchers leverage multiple game elements [211, 324, 489]. However, a systematic review

in education of game elements, including badges, have found mostly encouraging results

[129].

What Types of Badges Have Been Studied?

Badges are widely considered synonymous to achievements [11, 15, 544, 570] and are

depicted as achievements across virtually all research studies [11, 12, 121, 206, 209, 210,

259, 324, 328, 351, 390, 409, 432, 468, 519]. While badges have also been discussed as

a mechanism for feedback [458], guidance [536], etc., these have been secondary. Most

commonly, badges are awarded for performance or completion [51]—for example, “Faster

than Lightning” [5], “3D Expert” [519], “Y U No Make Mistakes?” [206], “Almost finished!”

[216], “Curious” [351], “Question answerer” [121], etc.

Researchers have sought to categorize badge types from several mainstream video games

including Mass Effect, Grand Theft Auto 4, and World of Warcraft: Tutorial, Completion,

Collection, Virtuosity, Hard mode, Special Play Style, Veteran, Loyalty, Curiosity, Luck,

Mini-Game, Multi-Player, Paragon, and Fandom [385]. In all cases, however, badges depict

a type of achievement. Other researchers note that badges may vary in their signifier (the

actual visual badge), completion logic (the conditional logic required), and reward [208]. In

this study, we are interested in comparing typical achievement badges with badges awarded

for the same reasons, but that represent other things, e.g., a personal interest.
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Personal Interests

Researchers have argued that students do not generally value science as personally relevant

[10, 320], and that games should utilize the affordances for personal relevance [165].

Researchers argue that by incorporating personally relevant items, games can help students

both develop schematic knowledge while building a personal connection [165]—see [4,

10, 106, 138, 165, 552] for similar arguments. Researchers suggest that badges that utilize

personal identity would: 1) build on identity that is more firmly established, and 2) strengthen

positive associations between learning and the student’s identity [4]. One badge type we

study is personal interests.

Role Models

Role model—a reference that occupies a desirable standing—was coined by Robert K.

Merton [82]. Role models can increase academic performance [78, 357, 373], even affecting

career choices in mathematics and CS. Three factors increase role models’ effectiveness:

1) Perception of competence [358], 2) Perception of being ingroup, e.g., shared attributes

like gender and race [340, 357], 3) Perception of success [78]. In a CS programming

game, participants using role model avatars, e.g., Einstein, have significant increases in

flow, immersion, etc. [277, 279, 285]. In a study on group brainstorming using a virtual

environment, participants that used scientist-like avatars had more original ideas [203].

Towards understanding if benefits from using role model avatars can be applied in other

forms, we investigate role model badges.

Avatar Identification

What Is Avatar Identification?

Avatar identification—sometimes called “player-avatar identification” [326], “character

identification” [500], or “avatar-self connection” [262]—is a temporary alteration of media

users’ self-concept through adoption of perceived characteristics of a media person [95].

Building upon Cohen’s work [101], Klimmt et al. argue that during exposure to a video

game, users become one with their character [95]. Extensive work exists on identification



5.4. CULMINATING EXPERIMENT 189

with television characters [102, 237, 238, 506]. However, one important difference is that

video games emphasize agency [175]. The active participation in video games is argued to

override the distance between user and character [228, 302]. Avatar identification is strongly

moderated by similarity, such as demographics, experiences, etc. [101] and other variables,

e.g., game type [518]. Other work has shown that users realize their “ideal selves” through

games [44], both physically and psychologically [140]. Research suggests that we slowly

become more congruent with our virtual identities over time [140, 445, 560, 562].

What Are the Effects of Avatar Identification?

Avatar identification can improve game enjoyment [48, 325, 399, 518], health outcomes

[300], intrinsic motivation [47, 521], flow [500], exercise motivation [325, 531], and trust in

others [298]. Avatar identification can also reduce self-discrepancy (the distance between

one’s actual and ideal selves [234]) [44, 334], improve self-esteem [538], game loyalty

[512], learning interest [21], game appreciation [64], game motivation [527], decrease

deceptive behavior [240], increase willingness to purchase game items [419, 569], and has

been associated with aggression [311], addiction [499], depression [44, 370], and increased

persuasiveness of messages [391].

In education, there is a long history of work in avatars and pedagogical agents (i.e., virtual

pedagogical agents, teaching agents, etc.). In particular, a large body of work has shown that

avatars and agents that share users’ external characteristics (e.g., age, gender, race, clothing,

etc.) are more influential and are linked to better learning outcomes [22, 32, 202, 299]—i.e.,

similarities [518, 526]. This is posited to be a result of similarity-attraction, the theory

that people are attracted to similar others [79, 256]. Functional neuroimaging has found

that perceived similarity is an important factor in a person’s ability to simulate the internal

state of another person [378]. Mobbs et al. found that when a participant watched a

game show contestant with high perceived similarity, the participant experienced significant

increases in both subjective and neural responses to vicarious reward [380]. Furthermore,

work has suggested that what is experienced by an avatar is also experienced by its user

[83, 386, 546, 558]. This effect is more powerful via avatars that we identify with [141, 528],
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identification being positively correlated to such factors as representation of emotions and

intent [212], physical resemblance [346], and avatar customization [520].

For instance, Birk, Atkins, Bowey and Mandryk, divided participants into two groups,

one that customized their avatar and another that watched a video of their avatar being

customized. Those participants that customized their avatar had increased identification.

Furthermore, participants’ identification with their avatars significantly predicted various

measures related to engagement such as affect, immersion, and amount of time playing [47].

While similarity plays a key role in enhancing avatar identification [518, 526], creating ideal

versions of ourselves—sometimes referred to as wishful identification [237, 238]—can also

be of value [441]. But this same discrepancy between the actual and ideal self is predictive

of negative health outcomes, such as depression and anxiety [193, 234].

Through the clear predictive capacity of avatar identification, we seek to study avatar

identification in a making context and its relationship to various facets. For instance, with

highly active interest in making [67, 118, 274, 276], we have yet to scratch the surface

of topics like identification [274]. Does identification with an on-screen object—a profile

picture, a Mii, a turtle, an avatar, etc.—enhance users’ making experience? Towards

investigating this question, we investigate avatar identification in the context of making.

The Game

The first phase of our experiment takes place in Mazzy ([278]; Section 3.1).

The Editor

The second phase of the experiment takes place in an editor [276]. At a high-level, the

editor allows players to create their own Mazzy game levels. Each map consists of a grid

of tiles, each of which can be textured separately and modified logically to be a safe or

unsafe tile for the player to step on. The maps can be any size (from 1x1 to, e.g., 100x100).

Basic functionalities of the editor include: manipulating the view, creating assets that can be

translated, rotated, rescaled, searching for images via a built-in image search that interfaces

with Microsoft Bing, and testing maps by playing them. Although the editor typically
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provides pre-loaded images for use, in this study none were provided, i.e., all images were

searched for.

Experiment-Specific Methods (Culminating Experiment)

Creating Badges

Our goal in this step was to create a set of achievement, role model, and personal interest

badges. In order to do so, we populated the initial badge list through crowdsourcing. We

validated the badges to ensure that they were adequate for use in our experiment also through

crowdsourcing. Since our actual study took place on Amazon Mechanical Turk (AMT),

these validation studies also used AMT participants.

Initial Population of Interests and Scientists

100 participants were asked to list: 1) 10 of their personal interests, and 2) 10 scientist role

models. No restrictions were made as to the types of interests or scientists.

Interest Corrections

The 1000 interests generated from the preceding step then underwent light corrections. Dur-

ing these corrections, similar interests were renamed, e.g., “Video Gaming” and “videogames”

were renamed to “Video Games”. Typos were also corrected.

Interest Categorization

113 participants categorized the 1000 interests. Users were instructed to write a high-

level category for each interest, e.g., for “Playing Drums”, they might write “Playing an

Instrument” or “Music”.

Popularity Ranking of Interests and Scientists

241 unique scientists, 470 unique interests, and 1005 unique categories of interests were

ranked by how frequently different users had mentioned them.
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Interests: Food Interest, Family Interest, Movies Interest, Technology Interest, Music Interest,
Reading Interest, Nature Interest, Games Interest, Television Interest, Comedy Interest, Animals
Interest, Traveling Interest, Health Interest, Cooking Interest, Science Interest, Internet Interest, Fun
Interest, Life Interest, Knowledge Interest, Money Interest, Intelligence Interest, Self-Improvement
Interest, Creativity Interest, Pets Interest, Fiction Interest, Universe Interest, Exploring Interest,
Creating Interest, Culture Interest, Society Interest

Scientists: Albert Einstein, Isaac Newton, Stephen Hawking, Nikola Tesla, Marie Curie, Charles
Darwin, Galileo Galilei, Thomas Edison, Carl Sagan, Neil deGrasse Tyson, Alexander Graham Bell,
Louis Pasteur, Leonardo da Vinci, Niels Bohr, Jane Goodall, Aristotle, Nicolaus Copernicus, Bill
Nye, Gregor Mendel, Archimedes, Michio Kaku, George Washington Carver, Rosalind Franklin,
Rachel Carson, Mae Jemison, Lise Meitner, Mary Somerville, Ibn al-Haytham, C. V. Raman, Ada
Lovelace

Achievements: Baby Steps, Setting Sail, A New World, Spring in Your Step, Scenic Route, Straight
Runner, Taking Off, Water Crosser, Zero Gravity, Step Saver, Creative Solution, Fly By, Labyrinth
Master, Perilous Pathways, Lucky Leaper, Loophole, Tip of the Iceberg, Round Trip Flight, Fleet
Footed, Gaining Traction, Seventh Heaven, Repeat Runner, Sub-Orbital, Making Camp, Mountain
Guide, Prodigy Walker, Beep Boop Beep, What a Breeze, Look Out, World Explorer, Conditional
Victory, Code Warrior, Extreme Conditions, A New Dawn, Code King, 100% Worth

Table 5.17: Final set of interests, scientists, and achievements

Final Scientists

For the final set of 30 scientists, we selected the top 20 most often mentioned scientists,

and the remaining 10 were researcher-curated from scientists that were mentioned by at

least 2 different users, and were diverse in gender and race. While every scientist mentioned

had a record of success (i.e., competence [78, 358]), this curation was done to ensure more

coverage and inclusiveness (i.e., in-group potential [340, 357]). See Table 5.17.

Final Interests

209 participants rated 100 interests (50 most mentioned interests, and categories). Each

rating was done with the format “I have an active interest in _________” on a scale of 1:

Strongly Disagree to 7: Strongly Agree. For the final set, we selected the 15 most highly rated

interests, and 15 most highly rated categories. We additionally checked that the averages

of this final set of 30 did not differ by gender or race to ensure that personal interests were

widely represented, p>.05. See Table 5.17.
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Finding Badge Images

We used Google to find badge images for each personal interest (searching for “________-

_ Icon”) and for each scientist (searching the name directly). We then took the very first

search result and two more results at random from the first 10.

Processing Badge Images

All potential badge images were cropped to be square. All images were converted to 8-bit

black and white to normalize color [146, 244, 287, 376].

Rating Badge Images

107 AMT users then ranked the 3 potential badge images for each personal interest and

scientist. For personal interests, users were asked to rank the images from best to worst in

their representation of the interest. For scientists, users ranked the images from best to worst

in their representation of the scientist. If they did not recognize a scientist, they were asked

to find out more about the scientist (a link to the scientist’s Wikipedia page was provided).

Both question order and image order were randomized. Final rankings did not differ by

gender or race, p>.05. Intraclass correlation on the rankings was ICC = 0.94 (two-way

random, average measures [496]), indicating high agreement.

Finding Achievement Badge Images

With a graphic design artist, we created or found 5 potential achievement images for each

game level. These were created to look like an achievement and match the game level

context.

Ranking Achievement Badge Images

122 participants played Mazzy. After each level, users ranked the 5 potential badge images

for that level. Users provided their own captions for the top three badges they ranked.

Rankings did not significantly differ by gender or race, p>.05. Intraclass correlation on the

rankings was ICC = 0.94 (two-way random, average measures), indicating high agreement.
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The three highest ranked images for each level were kept.

Achievement Badge Captions

Captions were selected from participants’ responses. Captions were selected to match the

badge image and the game level context. See Table 5.17.

Number of Caption Words

We performed an ANOVA on number of caption words by badge type, and found no

significant effect, F(2, 93) = 1.42, p = 0.25.

Badge Image Stylization

To ensure that all badges had a uniform design, we first removed transparency and pure white

backgrounds replaced by a neutral gray (rgb[212, 212, 212]). We then used a stylization

filter called the “Photocopy” filter in Adobe Photoshop CS5. This served both to provide a

uniform design and also to normalize average pixel intensity. The average pixel intensity

across badge types did not differ, F(2, 93) = 1.39, p = 0.25.

Badge Image Representativeness

100 participants rated the stylized badge images. They were asked “The picture on the right

represents the person, icon, or illustration depicted in the picture on the left.” on a scale of 1:

Strongly Disagree to 7: Strongly Agree. A one-way ANOVA found no significant effect of

badge type on the representativeness of the stylized images, F(2, 93) = 1.39, p = 0.26.

Final Badges

All badge images were then given a circular frame and a ribbon with caption text. This was

done by a graphic designer who was instructed to prioritize uniformity, e.g., spacing in the

text, etc. All final badges were vetted.

Final Badge-Likeness

103 participants were presented with each final badge and the original image—before any
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Figure 5-35: Conditions: a) Role Model, b) Personal Interest, c) Achievement, and d)
Choice.

Figure 5-36: Badges as they appear: a) In-game, and b) In-editor.

changes. They were asked “The image on the right is a good badge representation of the

image on the left” on a scale of 1: Strongly Disagree to 7: Strongly Agree. A one-way

ANOVA found no significant effect of badge type on goodness of badge representation, F(2,

93) = 0.56, p = 0.57.

Final Badge Aptness to Game

110 participants watched a gameplay video of Mazzy. For each final badge, they were asked:

"This is a suitable badge for Mazzy” on a scale of 1: Strongly Disagree to 7: Strongly Agree.

A one-way ANOVA found no significant effect of badge type on suitability of badge, F(2,

93) = 0.47, p = 0.63.

Conditions

The six badge conditions we tested were:
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1. Role model

2. Personal interest

3. Achievement

4. Choice

5. Choice with badges always visible

6. No Badges

Badges are always awarded at the end of each level of the game. See Figure 5-35. All

badge conditions except Choice always visible: During the game, badges are visible when

the player completes a level briefly (1.5 seconds), and briefly again after having chosen a

badge (1.5 seconds). See Figure 5-36. All badge conditions except Choice always visible:

During the editor, badges are always visible in the bottom left. See Figure 5-36. Badges

always appear alongside the avatar. In the editor, the user avatar and badges are positioned

such that a distance of 33 pixels exists between the leftmost edge of the window and the

nearest badge or avatar pixel. Choice always visible: In the Choice always visible condition,

badges are shown at the bottom of the screen at all times. All other aspects are identical. No

Badges: In the No Badges condition, completing a level shows the Congratulations screen

for 3 seconds (with only the player avatar).

Condition specifics: Role model condition: Users select from 30 scientists, and can hover

over a “Who is this?” button to see a 3-sentence summary taken verbatim from Wikipedia.

This is in the form of a semi-transparent black overlay that appears at the bottom. Personal

interest condition: Users select from 30 interests. Achievement condition: Users unlock

three achievement badges per level completed. After completing a level, they select from

the newly unlocked badges as well as any previously not chosen badges. Newly unlocked

achievements appear at the head of the list. There are 36 achievement badges. Choice

condition: Users choose from all three badge types. Each badge type works the same way as

its individual condition. Badge types are presented in randomized ordering, and background

images are taken randomly from each individual subset. See Figure 5-35. Choice always

visible condition: Identical to Choice except for display of badges. No Badges condition:

No badges. All badge conditions: Previously chosen badges are marked with a green
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checkmark, and cannot be chosen a second time. Badges are randomized in their ordering

for each user.

A Note on Choice

We implemented choice in all badge conditions since awarding an appropriate role model and

personal interest would require advance knowledge of the user’s preferences. The current

approach appeared more ecologically valid, e.g., giving your demographic information or

your personal interests both could change the outcome of the experiment and is not typical

information a game would have. Choice is also generally beneficial, e.g., [266, 301, 355,

472].

Quantitative and Qualitative Measures

Player Experience of Need Satisfaction

We use the 21-item Player Experience of Need Satisfaction (PENS) scale [474] that measures

the following dimensions: Competence, Autonomy, Relatedness, Presence/Immersion, and

Intuitive Controls. PENS is based on self-determination theory (SDT) [116]. PENS contends

that the psychological “pull” of games are largely due to their ability to engender three

needs—competence (seek to control outcomes and develop mastery [547]), relatedness

(seek connections with others [30]), and autonomy (seek to be causal agents [94] while

maintaining congruence with the self) [474]. PENS is considered a robust framework for

assessing player experience [124, 458].

Computer Programming Self-Efficacy Scale

Self-efficacy represents the belief in one’s ability to succeed, either in a particular situation,

or at a particular task [24]. The Computer Programming Self-Efficacy Scale (CPSES) is a

scale for measuring programming self-efficacy. It consists of a validated 32-item scale that

measures the following dimensions: Independence and persistence, Complex programming

tasks, Self-regulation, and Simple programming tasks [443].

Intrinsic Motivation Inventory
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The Intrinsic Motivation Inventory (IMI) assesses intrinsic motivation using four dimensions:

1) Interest/Enjoyment, e.g., I enjoyed doing this activity very much, 2) Effort/Importance,

e.g., I put a lot of effort into this, 3) Pressure/Tension, e.g., I felt very tense while doing this

activity, 4) Value/Usefulness, e.g., I believe this activity could be of some value to me [367].

Player Inventory Scale

The Player Inventory Scale (PIS) measures avatar identification [526], which consists of

three second-order factors: 1) Similarity identification, e.g., My character is similar to me,

2) Embodied identification, e.g., In the game, it is as if I become one with my character, 3)

Wishful identification, e.g., I would like to be more like my character.

Map Quality Ratings

We collected both user and expert quality ratings of the final created game levels. Users

were asked to rate their final game level on the dimensions of: “Aesthetic” (Is it visually

appealing?), “Originality” (Is it creative?), “Fun” (Is it fun to play?), “Difficulty” (Is it

difficult to play?), and “Overall” (Is it excellent overall?) on a scale of 1: Strongly Disagree

to 7: Strongly Agree.

Expert ratings were given by 3 QA testers we hired. All QA testers had extensive games QA

experience. The 3 QA testers first underwent supervised training in which they finished the

game and created at minimum 3 maps in the editor. QA testers were then given 100 maps at

random to establish baseline expectations. Next, QA testers were given another 25 maps at

random to rate on the same dimensions as user ratings. Researchers verified the ratings and

maps were rescored until there was consensus.

All 3 QA testers were blind to the experiment—the only information they received was a

list of maps and links to each game level. They were debriefed on the purpose of their work

after they completed all 2189 ratings. The 3 QA testers each spent an average of 109 hours

(SD=8.5) over a 1-month period, at $15 USD/hr.

Time Played
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We directly measure motivation as operationalized by the amount of time spent playing the

game and the editor.

Participants

2189 participants were recruited through Mechanical Turk. The data set consisted of 1001

male, and 1188 female participants. Participants self-identified their races/ethnicities as

white (1681), black or African American (177), Chinese (41), Asian Indian (35), American

Indian (23), Filipino (22), Korean (17), Vietnamese (13), Japanese (10) and other (170).

Participants were between the ages of 18 and 71 (M = 30.1, SD = 9.1), and were all from

the United States. Participants were reimbursed $3.00 to participate in this experiment.

Design

A between-subjects design was used: badge condition was the between-subject factor.

Participants were randomly assigned to a condition.

Protocol

Players first spent a minimum 4 minutes creating their Mii avatar. See Figure 5-37. The

Mii creator was adapted from a freely available online Mii creator [104]. Options available

included avatar/user name, gender, birthday, height, weight, favorite color (6), face shape (8),

skin color (6), facial features (12), hair (72), hair color (8), eyebrows (24), eyebrow color (8),

eyes (48), eye color (6), glasses (9), glasses color (6), nose (12), mouth (24), mouth color

(3), mustache (4), beard (4), facial hair color (8), mole (2). There were also miscellaneous

other options such as direction of hair part, and positioning, scale, and rotation of various

facial elements. Avatar customization has previously been shown to increase, and produce a

range of, avatar identification in users [23, 47, 334, 521].

Next, users completed the avatar identification scale. Before proceeding to the game, players

were informed that they could exit the game at any time via a red button in the corner of the

screen. Participants then played Mazzy. When participants were done playing (either by

exiting early, or by finishing all 12 levels), participants completed the avatar identification
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Figure 5-37: Mii avatar creator.

scale, the player experience of need satisfaction scale, the intrinsic motivation inventory,

and the programming self-efficacy scale.

Next, users completed a tutorial which introduced them to the editor. The tutorial stepped

users through all the interface elements and all editor functionalities. Each of the total 38

steps of the tutorial asked the user to perform an action before they could proceed, e.g., click

a highlighted button to test the level. Each tutorial step had an additional help facility that

provided additional troubleshooting information. After users completed the tutorial, they

were required to spend at least 10 minutes creating a game level. After the 10 minutes passed,

they could exit the editor via a red button in the corner of the screen, or continue using the

editor until they wanted to quit. Users could repeat the tutorial at any time. After users quit

the editor, they took a final screen capture of their level. This was done by positioning the

map in the viewport and clicking a “Take Screenshot” button.

Users then completed the avatar identification scale, the player experience of need satis-

faction scale, and the intrinsic motivation inventory. Users provided self-ratings on their



5.4. CULMINATING EXPERIMENT 201

completed game levels, and filled out demographics.

Analysis

Data was extracted and imported into Statistical Package for Social Science (SPSS) ver-

sion 22 for data analysis using multivariate analysis of variance (MANOVA). Separate

MANOVAs are run for each separate set of items—PENS, CPSES, IMI, PIS; with the inde-

pendent variable—badge condition. All the dependent variables are continuous variables.

The independent variable badge condition (i.e., 0 = role model, 1 = personal interest, 2

= achievement, 3 = choice, 4 = choice with badges always visible, 5 = no badges) is a

sexchotomous variable. To detect the significant differences between badge conditions,

we utilized one-way MANOVA. These results are reported as significant when p<0.05

(two-tailed). Prior to running our MANOVAs, we checked both assumption of homogeneity

of variance and homogeneity of covariance by the test of Levene’s Test of Equality of Error

Variances and Box’s Test of Equality of Covariance Matrices; and both assumptions were

met by the data (p>.05 for Levene’s, and p>.001 for Box’s).

To measure the predictive capacity of avatar identification, we used linear hierarchical

regression using similarity identification, embodied identification, and wishful identification

as individual predictors. Since age and sex have been shown to affect need satisfaction,

intrinsic motivation, and other avatar identification-related outcomes during game play

[334, 456, 474], we entered age and sex in the first block of the regressions. We use

avatar identification to predict game-related PENS, IMI, CPSES scores and editor-related

PENS and IMI scores (using the avatar identification recorded pre-gameplay, and pre-editor,

respectively). We then use avatar identification to predict play time and other time-related

outcomes. Finally, we test if avatar identification can predict both self and expert ratings of

final game level quality.
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Results & Findings (Culminating Experiment)

RQ1: Do badges improve identification, need satisfaction, intrinsic motivation, and

programming self-efficacy in the CS programming game and the subsequent game-

making task?

Avatar Identification

Personal interest and role model badges promoted avatar identification in the game-

making task. The MANOVA was not statistically significant across badge conditions in the

game, p >.05. The MANOVA was statistically significant across badge conditions in the

editor, F(15, 6021) = 4.05, p <.0001; Wilk’s 𝜆 = 0.973, partial 𝜂2 = 0.01. ANOVAs found

the effect to be significant across all three dimensions of identification, p <.0001. Posthoc

testing was done using Tukey HSD8. See Figure 5-38 and 5-39.

Similarity Identification:

• Personal Interest > No Badges (editor), p <.05

• Personal Interest > Achievement (editor), p <.005

• Personal Interest > Choice Always Visible (editor), p <.001

• Role Model > No Badges (editor), p <.05

• Role Model > Achievement (editor), p <.005

• Role Model > Choice Always Visible (editor), p <.001

Embodiment Identification:

• No Badge > Choice Always Visible (editor), p <.05

• Personal Interest > Achievement (editor), p <.005

• Personal Interest > Choice (editor), p <.05

• Personal Interest > Choice Always Vis. (editor), p <.0001

• Role Model > Achievement (editor), p <.005

• Role Model > Choice (editor), p <.05

8Note that we are calculating the difference in identification scores, i.e., post-editor minus pre-editor.
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• Role Model > Choice Always Visible (editor), p <.0001

Wishful Identification:

• Role Model > Achievement (editor), p <.05

• Role Model > Choice (editor), p <.01

• Role Model > Choice Always Visible (editor), p <.01

Player Experience of Need Satisfaction

Achievement badges promoted player experience in the CS programming game. Role

model badges promoted player experience in both the CS programming game and the

game-making task. The MANOVA was statistically significant across badge conditions in

the game and the editor, p <.05. ANOVAs found that the effect was significant across all

five dimensions in both the game and the editor, p <.05. Posthoc testing using Tukey HSD

found that for competence: Role Model > Personal Interest (game), p <.05, Role Model

> Choice (editor), p <.005, Role Model > Choice Always Visible (editor), p <.01. For

autonomy: Achievement > Personal Interest (game), p <.05, Role Model > Personal Interest

(game), p <.05, Role Model > Choice (editor), p <.05, Role Model > Choice Always Visible

(editor), p <.05. For relatedness: Achievement > Personal Interest (game), p <.05, Role

Model > Personal Interest (game), p <.05. For immersion: Achievement > Personal Interest

(game), p <.05, Role Model > Personal Interest (game), p <.05, Role Model > Choice

Always Visible (editor), p <.05. For intuitive control: Role Model > Choice (game), p

<.05, Role Model > Choice (editor), p <.05. See Figure 5-38 and 5-39.

Intrinsic Motivation Inventory

Achievement badges promoted intrinsic motivation in the CS programming game.

Role model badges promoted intrinsic motivation in both the CS programming game

and the game-making task. The MANOVA was statistically significant across badge

conditions in the game and the editor, p <.05. ANOVAs found that the effect was significant

for the dimensions of enjoyment (game, editor), p <.05, usefulness (editor), p <.05. Posthoc

testing using Tukey HSD found that for enjoyment: Achievement > No Badges (game),
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Figure 5-38: Measures, Post-Game. Error bars are standard error of the mean (SEM).

p <.05, Role Model > No Badges (game), p <.05, Role Model > Choice Always Visible

(editor), p <.01. For usefulness: Role Model > Choice Always Visible (editor), p <.05. See

Figure 5-38 and 5-39.

Computer Programming Self-Efficacy Scale

Role model badges promoted programming self-efficacy in the CS programming game.

The MANOVA was statistically significant across badge conditions, p <.0001. ANOVAs

found that the effect was significant for the dimensions of independence (game), p <.05, and

self-regulation (game), p <.05. Posthoc testing using Tukey HSD found that for indepen-

dence: Role Model > Personal Interest (game), p <.05. For self-regulation: Role Model

> Personal Interest (game), p <.05. See Figure 5-38.

Time Played

ANOVAs found no significant effect of badge condition on game time: M=1497.06,

SD=1952.58, F(5, 2183)=0.64, p=0.67; and editor time: M=741.02, SD=723.44, F(5,
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Figure 5-39: Measures, Post-Editor. Error bars show SEM.

2183)=0.88, p=0.49.

RQ2: Does avatar identification improve need satisfaction, intrinsic motivation, and

programming self-efficacy in the CS programming game and the subsequent game-

making task?

From the hierarchical regression in Table 5.18, avatar identification significantly improves

need satisfaction, intrinsic motivation, and programming self-efficacy in both the game and

the editor. On average, significant 𝑅2 values explain 7.4% of variance.

RQ3: Does avatar identification translate into higher motivated behavior (time spent,

etc.)?

From the hierarchical regression in Table 5.18, embodied identification leads to higher

game time and similarity identification leads to higher editor time. All dimensions of avatar

identification lead to more time playtesting in editor, and more time spent taking the final

screenshot. On average, significant 𝑅2 values explain 1.8% of variance.
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Similarity Identification Embodied Identification Wishful Identification

𝛽 𝑅2 𝑅2(c) 𝐹 (c) 𝑝(c) 𝛽 𝑅2 𝑅2(c) 𝐹 (c) 𝑝(c) 𝛽 𝑅2 𝑅2(c) 𝐹 (c) 𝑝(c)
Player Experience of Need Satisfaction (PENS)

Competence (game) 0.13 0.024 0.016 35.4 0.00 0.00 0.009 0.000 0.00 0.96 0.13 0.030 0.022 49.1 0.00
Competence (editor) 0.25 0.069 0.061 142 0.00 0.23 0.060 0.053 123 0.00 0.17 0.037 0.028 64.5 0.00
Autonomy (game) 0.19 0.034 0.034 76.3 0.00 -0.01 0.000 0.000 0.05 0.82 0.24 0.059 0.059 136 0.00
Autonomy (editor) 0.28 0.077 0.075 178 0.00 0.32 0.104 0.102 248 0.00 0.25 0.065 0.063 148 0.00
Relatedness (game) 0.18 0.034 0.030 68.2 0.00 -0.02 0.004 0.000 0.81 0.37 0.33 0.112 0.109 267 0.00
Relatedness (editor) 0.21 0.050 0.044 101 0.00 0.48 0.234 0.228 650 0.00 0.41 0.177 0.171 453 0.00
Immersion (game) 0.24 0.060 0.059 136 0.00 -0.02 0.002 0.000 0.84 0.36 0.40 0.163 0.162 422 0.00
Immersion (editor) 0.33 0.108 0.108 264 0.00 0.63 0.394 0.394 1418 0.00 0.51 0.257 0.257 755 0.00
Intuitive Control (game) 0.10 0.021 0.009 20.9 0.00 -0.01 0.012 0.000 0.09 0.76 0.11 0.024 0.012 27.6 0.00
Intuitive Control (editor) 0.22 0.056 0.048 111 0.00 0.20 0.049 0.041 93.7 0.00 0.13 0.026 0.018 39.9 0.00

Intrinsic Motivation Inventory (IMI)

Enjoyment (game) 0.19 0.041 0.035 79.8 0.00 0.00 0.006 0.000 0.01 0.93 0.17 0.035 0.029 65.9 0.00
Enjoyment (editor) 0.24 0.059 0.058 135 0.00 0.29 0.084 0.083 198 0.00 0.22 0.051 0.050 115 0.00
Effort (game) 0.20 0.080 0.038 91.2 0.00 0.02 0.042 0.001 1.17 0.28 0.12 0.056 0.015 33.9 0.00
Effort (editor) 0.23 0.088 0.051 122 0.00 0.21 0.080 0.043 103 0.00 0.16 0.061 0.026 60.1 0.00
Tension (game) 0.02 0.004 0.000 1.03 0.31 -0.01 0.003 0.000 0.17 0.68 0.07 0.008 0.005 10.3 0.00
Tension (editor) -0.01 0.005 0.000 0.07 0.79 0.12 0.019 0.014 31.4 0.00 0.12 0.019 0.014 32.1 0.00
Usefulness (game) 0.21 0.043 0.042 95.8 0.00 0.00 0.001 0.000 0.00 0.99 0.26 0.065 0.0065 151 0.00
Usefulness (editor) 0.31 0.096 0.094 228 0.00 0.38 0.149 0.147 376 0.00 0.32 0.106 0.104 254 0.00

Computer Programming Self-Efficacy Scale (CPSES)

Independence (game) 0.06 0.026 0.004 8.54 0.00 0.01 0.023 0.000 0.31 0.57 0.02 0.023 0.000 0.60 0.44
Complex Tasks (game) 0.08 0.035 0.005 12.4 0.00 0.01 0.030 0.000 0.07 0.80 0.08 0.035 0.006 12.8 0.00
Self-Regulation (game) 0.09 0.018 0.009 19.4 0.00 -0.01 0.011 0.000 0.43 0.51 0.07 0.016 0.005 11.2 0.00
Simple Tasks (game) 0.08 0.020 0.006 12.4 0.00 0.01 0.014 0.000 0.18 0.67 0.02 0.015 0.000 0.92 0.34

Behavior

Time Played (game) 0.03 0.017 0.001 1.45 0.23 0.04 0.019 0.002 4.20 0.04 0.02 0.017 0.000 0.56 0.46
Time Played (editor) 0.04 0.002 0.002 4.13 0.04 0.02 0.001 0.000 0.71 0.40 -0.02 0.001 0.001 1.10 0.30
Time Testing (editor) 0.02 0.026 0.000 0.87 0.35 0.07 0.030 0.005 11.0 0.00 0.06 0.029 0.004 8.79 0.00
Time Taking Screenshot (editor) 0.08 0.017 0.006 12.3 0.00 0.06 0.015 0.004 8.24 0.00 0.07 0.016 0.005 10.1 0.00

Game Map Ratings

Overall Quality (self-rated) 0.20 0.059 0.038 87.2 0.00 0.23 0.074 0.052 124 0.00 0.20 0.063 0.041 95.2 0.00
Aesthetic (expert-rated) 0.06 0.021 0.004 7.86 0.00 0.07 0.021 0.004 9.45 0.00 -0.04 0.019 0.002 3.62 0.06
Originality (expert-rated) 0.05 0.021 0.002 5.04 0.03 0.05 0.022 0.003 6.44 0.01 -0.06 0.023 0.004 9.14 0.00
Fun (expert-rated) 0.04 0.024 0.002 3.98 0.05 0.06 0.025 0.003 6.81 0.01 -0.06 0.026 0.004 8.86 0.00
Difficulty (expert-rated) 0.05 0.037 0.003 6.09 0.01 0.03 0.035 0.001 1.98 0.16 -0.06 0.037 0.003 7.41 0.01
Overall Quality (expert-rated) 0.06 0.027 0.003 7.01 0.01 0.06 0.028 0.004 8.30 0.00 -0.06 0.027 0.003 7.70 0.01

Table 5.18: Regression properties 𝛽, 𝑅2, change in 𝑅2, 𝐹 , and 𝑝 from adding identification.
Change statistics are marked (c). Significant results are bold.

RQ4: Does avatar identification improve created game levels?

Intraclass correlation across the three raters on overall quality was ICC=0.83 (two-way

random, average measures), indicating high agreement. From the hierarchical regression in

Table 5.18, all three dimensions of avatar identification lead to higher self-perceived quality.

Similarity identification and embodied identification lead to increases in actual game level

quality. However, wishful identification leads to a decrease in actual game level quality. On

average, significant 𝑅2 values explain 3.3% of variance. Average quality as rated by experts

was M=3.54, SD=1.15. See Figure 5-40.

Experiment-Specific Discussion (Culminating Experiment)

We found that each of our research questions could be answered in the affirmatory. Badges

promoted avatar identification (interest, role model), player experience (achievement, role

model), intrinsic motivation (achievement, role model), and programming self-efficacy (role
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model) during both the game and the editor. Role model badges were particularly effective

during the game making task.

Our results have implications for both play and making. We find that role model badges

improve virtually all facets of experience (player experience, intrinsic motivation, self-

efficacy) relative to other badge types. This effectiveness was particularly relevant during

the game making task. Achievement badges were found to be effective in the game, which

would corroborate previous work, e.g., [12, 121, 328, 390]. Personal interest badges were

found to only improve avatar identification during the game making task. Both choice

conditions did not appear to be effective—possibly indicative of too much choice, or that

the choice between badge types was simply not a meaningful one [150, 164, 292, 462].

Badges appeared to differ in their effectiveness based on the game or the editor. Therefore,

it’s likely that task context is a moderator—e.g., achievement badges earned during the game

are less effective in the editor, whereas role model badges may generalize across the two.

We also note that for all conditions except the Choice Always Visible condition, badges

were only briefly visible after having completed a level in game. It’s possible that having

badges visible at all times—as during the editor—would further reinforce badge effects.

Additionally, we found that avatar identification positively affects all measures (player

experience, intrinsic motivation, programming self-efficacy, overall time) in both play

and making. Furthermore, avatar identification leads to higher quality completed maps.

Therefore, both badges and avatar identification affect a variety of play and making related

outcomes.

One caveat, however, is that wishful identification was actually negatively correlated to

map quality. Wishful identification—or wanting to be like a fictional or media character

[157, 237, 238, 344]—is correlated with lower psychological well-being [44, 234, 387].

However, wishful identification may be beneficial for self-esteem [44, 140]. This two-

sided nature of wishful identification was expressed here as a universally positive effect

on outcomes, except on actual game level quality. More work on wishful identification is

needed to precisely characterize why this was the case.



208 CHAPTER 5. EXPERIMENTS

Our 𝑅2 values range between small (0.01), medium (0.09), and large (0.25) effect sizes.

Avatar identification was particularly predictive of player experience, e.g., similarity identifi-

cation (10.8%), embodied identification (39.4%), and wishful identification (25.7%) were all

highly predictive of immersion during game making. Our mean significant 𝑅2 value is 5.9%

which we’ve demonstrated at a scale of N=2189 across many different outcomes, suggesting

that avatar identification is an important component to our play and making experience.

Badges Applications

Our results suggest role model badges are effective—similarly to role model avatars [277]—

yet badges in contrast may have more general application. We might imagine scientific

games that leverage the crowd (e.g., FoldIt [297]), MOOCs, digital learning platforms, etc.

as being possible beneficiaries of these badges.

Literature suggests that role models are useful outside of academic contexts (e.g., [96])—as

long as they are relevant [341]. Therefore, other domains such as business (Steve Jobs, etc.),

politics (Barack Obama, etc.), health (Oprah Winfrey, etc.), may also benefit from these

badges—a game, an educational platform, a gamified app, etc.—so long as the role models

meet the criteria of perceived competence, similarity, and success.

Avatar Applications

Our results suggest that avatar identification can improve time on task, and positively impact

player experience, intrinsic motivation, and self-efficacy. Applications range from enhancing

motivation in crowdsourced tasks, to serious contexts such as behavior change, education,

etc. We extend previous work [47] by showing that avatar identification can impact the

quality of created levels. It remains an open and interesting question as to whether the

production of other artifacts can also be similarly affected through identification with an

on-screen representation—e.g., writing an essay, programming an application, designing a

graphic, etc.

With increasing emphasis on making as a pedagogical method, there is ongoing concern

about the quality of produced artifacts [118, 273]. Critics of Mario Maker, for instance,
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have condemned the majority of user created levels as being impossible, gimmicky, and

“bafflingly opaque, frenzied contraptions that rarely seem to have a purpose” [118, 230, 516].

Here, we have made a first step towards understanding badges and avatar identification in

relation to creation.

Limitations

Our study consisted of a period of time on the order of hours. However, the interaction

between a user and a game often extends into long-term (e.g., in World of Warcraft [339]).

Therefore, a longitudinal study could elucidate how our results are moderated by longer

term use.

We also took one specific approach to studying badges. For example, we decided that

making the badges black and white (to control for color confounds [190, 374, 376]) was a

necessary price to pay. However, future studies could introduce color in a controlled way

to further understand how color can moderate our findings. Another example was in how

we implemented role model badges. We were cautious to ensure that our badge creation

process yielded: 1) role models perceived as competent [358], 2) role models perceived as

ingroup [340, 357], and 3) role models perceived as successful [78]—the lattermost was

additionally reinforced with in-game text. However, how much deviation from these criteria

that can still result in effective role model badges remains to be explored.

Summary

In this study, we have looked at how badges and avatar identification impact both play

and making in an educational game. We found that certain badges could promote avatar

identification (personal interest, role model), player experience (achievement, role model),

intrinsic motivation (achievement, role model), and programming self-efficacy (role model)

during both the game and the editor.

Avatar identification promoted player experience, intrinsic motivation, programming self-

efficacy, and the total time spent playing and making. Avatar identification also promoted

other meaningful in-editor activity, such as playtesting time, etc. and led to significantly
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Figure 5-40: Example maps rated overall 2 (left), 4 (center), and 6 (right).

higher overall quality of the completed game levels (as rated by 3 independent externally

trained QA testers). Here, we’ve conducted a first study (N=2189) on alternative badge

types, and a first study of badges and avatar identification in a making context. These

findings contribute to both the literature on badges and avatars.



5.5. CHAPTER REFERENCES 211

5.5 Chapter References

This chapter, in part, contains material that is a reprint of published papers.

Experiment Shape vs. Likeness #1/#2 is described in the paper Toward Avatar Models to

Enhance Performance and Engagement in Educational Games from the 2015 Computational

Intelligence in Games (CIG) conference [282].

Experiment Shape vs. RoleModel is described in the paper Exploring the Use of Role Model

Avatars in Educational Games from the 2015 Artificial Intelligence in Interactive Digital

Entertainment (AIIDE) Experimental AI in Games workshop [279].

Experiment Shape vs. Scientist vs. Athlete is described in the paper Exploring the Impact

of Role Model Avatars on Game Experience in Educational Games from the 2015 ACM

SIGCHI Annual Symposium on Computer-Human Interaction in Play (CHI PLAY) con-

ference [281]. Interested readers can refer to Toward Understanding the Impacts of Role

Model Avatars on Engagement in Computer Science Learning from the 2016 American

Educational Research Association (AERA) conference [285] for an extended analysis on

the full (N=1067) dataset.

Experiment Successful Likeness is described in the paper Exploring the Effects of Dy-

namic Avatar on Performance and Engagement in Educational Games from the 2016

Games+Learning+Society (GLS) conference [286].

Experiment Red vs. Blue is described in the paper Exploring the Impact of Avatar Color

on Game Experience in Educational Games from the 2016 Proceedings of the 34th Annual

ACM Conference Extended Abstracts on Human Factors in Computing Systems (CHI EA)

[287].

Experiment Feedback Positive vs. Negative vs. Neutral vs. Nothing is described in the paper

Exploring the Effects of Encouragement in Educational Games from the 2016 Proceedings

of the 34th Annual ACM Conference Extended Abstracts on Human Factors in Computing

Systems (CHI EA) [288].
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Experiment Game Theme Basic vs. Circuit vs. RPG vs. Choice is described in the paper

Toward Understanding the Impact of Visual Themes and Embellishment on Performance,

Engagement, and Self-Efficacy in Educational Games from the 2017 American Educational

Research Association (AERA) conference [289].

Experiment Badge Type Comparison is described in the paper The Effects of Badges and

Avatar Identification on Play and Making in Educational Games from the 2018 Proceedings

of the 36th Annual ACM Conference on Human Factors in Computing Systems (CHI) [290].



Chapter 6

Conclusion

6.1 Main Findings

I begin with a re-summarization of our findings:

Avatar-Based Outcomes:

• Simple avatars often outperform complex avatars [286].

• Scientist role model avatars are extremely effective [277, 279, 285].

• Successful likeness avatars can likely outperform any existing avatar types [286].

• Red avatars cause significant decreases in engagement and avatar affect com-

pared to blue avatars [287].

• Badges and avatar identification promote positive outcomes [290].

Other Outcomes:

• Positive and neutral encouragement text displayed at regular intervals (e.g.,

“Keep it up!”), significantly increases engagement as compared to no text or

negative encouragement text [288].

• More embellished game backgrounds cause players to have significantly de-

creased game performance and significantly decreased programming self-efficacy
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but significantly increased engagement [289].

6.2 Domain Applications

The findings from this thesis can most directly be applied to educational contexts, e.g.,

adaptive learning, educational games, MOOCs, etc. However, the implications may be

much broader. We can imagine virtual representations playing a role in crowdsourcing, e.g.,

scientific games that leverage the crowd such as FoldIt [297], behavior change, e.g., apps

for smoking cessation [6], virtual reality, e.g., VR re-creation of the Titanic [1], etc.—all of

which can benefit from identification with an avatar, and avatar types more conducive to

performance, engagement, etc. We could imagine the experience of playing Marie Curie in

a lab. We could imagine avatars that shift between likeness, famous person, and abstract

depending on context. We could imagine simulations that change the color of the avatar,

perhaps through lighting, to induce a particular state. We could imagine digital experiences

that adapt degree of embellishment depending on the goals of the user. We could imagine

that writing an essay, programming an application, designing a graphic, etc. might be

improved through identification with an avatar. We could imagine that role model badges

might be applied as widely as achievement badges. All of these could serve to reinforce

different aspects of user and interface.

6.3 Limitations

Despite that our findings can be applied widely, there is much to be done. Generally,

our experiments have been limited to be on the order of hours. Long-term controlled

experiments would further elucidate the moderating effects of time. Work has shown that

time increases congruence/identification with avatars [140, 445, 521, 560, 562]—therefore

time may positively reinforce pre-existing impacts.

In exploring avatar types, we have only tapped a small subspace of potential avatars. The
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possible avatars are uncountable—e.g., animals, furniture objects, fantastical dragons,

institutions like colleges, corporations, oceans, etc. While exploring every representation

is an unnecessary expenditure of resources—with sufficient data, modeling effects will be

possible—due diligence to the infinite space of representation is important.

This thesis has presented results from crowdsourced studies of more than 10,000 participants.

We have studied avatars, embellishment, badges, etc., and our evidence demonstrates

meaningful effects on educational outcomes. I conclude with potential future directions.

6.4 Future Work

In our experiment on the successful likeness, we demonstrated that the effectiveness of an

avatar can vary by the current situation within a single game—specifically, we showed that

an avatar that represented the user during success, but that represented an object during

failure, was more optimal. Therefore, our belief is that machine learning algorithms that use

context—the individual’s demographics, the context, the individual’s preferences, etc.—have

great potential. Imagine an avatar that is constantly shifting in a subtle way depending on

the individual’s emotional and cognitive state in order to both increase their mood and to

elevate cognition for the current task. With machine learning, it becomes possible to adapt

the avatar to optimize for variables of interest, e.g., self-efficacy, etc. with enough historical

data.

We have demonstrated that avatars’ impacts are a complex interplay of variables. We have

drawn from literature as varied as color perception, stereotypes, and character identification.

However, further elucidating an all-encompassing model, e.g., exploring physiological

differences between avatar types, such as fMRI data, would be one approach to mitigate

the number of representations in an infinite space. Eventually, mathematical models can

formally represent avatars’ impacts as a function of color, user demographics, task context,

etc. and predict short and long term impacts.
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That being said, not all effects will be quantifiable. Degree of identification with a subject

matter for instance, may well be affected through virtual representation, but may not be

reflected in existing assessments. It cannot be stated highly enough that virtual identity is

highly situated—its impactfulness varies by individual and environmental context. As such,

there is also a need for qualitative, humanistic, and artistic methods.

6.5 Closing Reflections

We have contributed a systematic series of studies that expands our knowledge in the domain

of avatars and learning. We have developed design principles for makers of educational

environments, and digital contexts more generally. This domain will become increasingly

important as our world becomes more digital. What will the classrooms, games, and work

environments of the future—a future filled with ubiquitous virtual and augmented reality—

look like? Our work suggests that whatever form these environments take on, that the virtual

representation we (and others) use have significant implications.

We contend that most systems can benefit from the results discussed in this thesis. Software

without existing virtual representations could be augmented with, for instance, a helper

agent. User profiles, emotes, and chat icons are some of the other methods being used to

express the self. What form these representations take on are set to shape us in new ways.

“Avatars” are all around us. They are our social media accounts, our virtual bodies in the

Occulus Rift, our online Amazon accounts. These representations are as malleable as our

physical identities. We are always stepping in out of different avatars. Both the ubiquity

and impacts of avatars gives us strong cause to continue our pursuit of knowledge in this

domain. These studies are a modest step into a vast and important domain in which we seek

to understand the impacts of the signs we use to represent ourselves on our learning-in-the-

world.
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Version 0 – Same as #1 without background music.

Version 1 – Described in Section 3.1.6.
http://groups.csail.mit.edu/icelab/mazzy_versions/v1

System requirements: Unity Plugin (e.g., Safari, Internet Explorer, etc.).
Gameplay video: http://youtu.be/j0TI4MH2rsY

Version 2 – Prototype version of #4.
http://groups.csail.mit.edu/icelab/mazzy_versions/v2

System requirements: Unity Plugin (e.g., Safari, Internet Explorer, etc.).
Note: Version used in experiments enforced command limits for each level.

Version 3 – Same as #2 + revamped UI.
Note: Also added a congratulatory message with player’s avatar centered in
middle of screen after each level completion. Players could also no longer redo
levels after completing them (as they could in #2).

Version 4 – Described in Section 3.1.
http://groups.csail.mit.edu/icelab/mazzy_versions/v4

System requirements: WebGL (e.g., Chrome, Firefox, etc.).
Note: Between-level surveys were removed. A “stars” screen that awarded stars
based on command count was removed.
Gameplay video: http://youtu.be/n2rR1CtVal8

Table A.1: Mazzy Versions.

http://groups.csail.mit.edu/icelab/mazzy_versions/v1
http://youtu.be/j0TI4MH2rsY
http://groups.csail.mit.edu/icelab/mazzy_versions/v2
http://groups.csail.mit.edu/icelab/mazzy_versions/v4
http://youtu.be/n2rR1CtVal8


Appendix B

Calculations



220 APPENDIX B. CALCULATIONS

Game Version #0, #1:

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 = 301
3
* (𝐿𝑒𝑣𝑒𝑙𝑠𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑) + 1 * (𝐵𝑜𝑛𝑢𝑠𝐶𝑎𝑝𝑠𝑢𝑙𝑒𝑠)

𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 = 0.9 * (𝑅𝑒𝑝𝑜𝑟𝑡𝑒𝑑𝑀𝑒𝑎𝑛) + 0.1 * (𝑃𝑙𝑎𝑦𝑡𝑖𝑚𝑒𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛)

Game Version #2, #3, #4:

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 = 81
3
* (𝐿𝑒𝑣𝑒𝑙𝑠𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑)

𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 = 0.9 * (𝑅𝑒𝑝𝑜𝑟𝑡𝑒𝑑𝑀𝑒𝑎𝑛) + 0.1 * (𝑃𝑙𝑎𝑦𝑡𝑖𝑚𝑒𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛)

All Game Versions:

𝑓(𝑥) = −100/(𝑥+ 10) + 10

𝑃𝑙𝑎𝑦𝑡𝑖𝑚𝑒𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 𝑓(𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒) + 𝑖𝑓(𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 > 5){100/110}

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 is the participant’s playtime percentile with respect to all other participants

in the same game version. This function intentionally penalizes participants that played

very little (comparatively). Note that the limit of 𝑓(𝑥) as 𝑥 goes to infinity is 10, but since

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒’s max is 100, we include the second term to make the range of the result {0, 10}.
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#1: Choose between eight shapes1

#2: Create a Mii

#3: None2

#4: Find face photo

#5: Choose between eight scientists (4 CEOs of tech companies: Bill Gates, Steve Jobs,

Larry Page, Mark Zuckerberg, 4 Google3 scientists: Stephen Hawking, Galileo, Marie Curie,

Einstein).

#6: Choose between 15 scientists (Google)

#7: Google a shape image

#8: Google a role model image

#9: Choose 3 affirmations4

#10: Choose 3 non-affirmations

#11: Choose between eight shapes

#12: Choose between eight scientists

1Pink shapes.
2In other words, there was no avatar selection/creation/customization whatsoever, the player jumps into the

game and has whatever avatar we have assigned in that case.
3Google’s top results
4These affirmations then appeared on the avatar itself as text (e.g., athletic ability)
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#13: Choose between eight athletes

#14: Create a Mii (#2) and choose between eight shapes (#11)

#15: Customize avatar in built-in creator, plus phantoms of other players also appear

intermittently during the game

#16: Customize avatar in built-in creator

#17: Customize avatar in built-in creator, plus positive feedback as text

#18: Customize avatar in built-in creator, plus negative feedback as text

#19: Customize avatar in built-in creator, plus neutral feedback as text

#20: Customize avatar in built-in creator, afterwards losing at a mini-game

#21: Customize avatar in built-in creator, afterwards nearly winning the mini-game

#22: Customize avatar in built-in creator, afterwards winning the mini-game

#23: None; play the game with a basic-looking skin

#24: None; play the game with a circuitboard skin
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#25: None; play the game with choice of 3 skins

#26: None; play the game with a black/white basic-looking skin

#27: None; play the game with a black/white circuitboard skin

#28: None; play the game with a black/white RPG-like skin

#29: None; play the game with choice of 3 black/white skins
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Table D.1: CPSES
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Table D.2: Performance—MANOVA Multivariate F-tests



228 APPENDIX D. ADDITIONAL TABLES

Table D.3: Performance—Descriptive
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Table D.4: Performance—Posthocs
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Table D.5: Self-Efficacy—MANOVA Multivariate F-tests



231

Table D.6: Self-Efficacy—Descriptives
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Table D.7: Self-Efficacy—Posthocs
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Table D.8: GEQ—MANOVA Multivariate F-tests
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Table D.9: GEQ—Descriptives
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Table D.10: GEQ—Posthocs
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Table D.11: PENS—MANOVA Multivariate F-tests
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Table D.12: PENS—Descriptives
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Table D.13: PENS—Posthocs
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Table D.14: Choice Condition—Descriptives
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