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Jacqueline	  L.	  Barnes	  
Investigating the Diversity of User Experiences in an Educational Game 

The	  potential	  of	  educational	  videogames	  to	  provide	  immediate	  feedback	  on	  understanding,	  position	  

children	  as	  experts	  as	  they	  experiment	  in	  an	  authentic	  virtual	  space,	  and	  differentiate	  learning	  

experiences,	  is	  quite	  substantial.	  However,	  as	  with	  any	  instructional	  design,	  users’	  experiences	  with	  

these	  tools	  vary.	  For	  educational	  game	  designers	  and	  researchers,	  it	  is	  useful,	  and	  practical,	  to	  think	  

about	  diversity	  in	  user	  experiences.	  This	  dissertation	  asks	  how	  different	  players	  perceive,	  make	  

sense	  of,	  and	  take	  action	  on	  the	  same	  set	  of	  affordances	  within	  a	  game	  differently.	  The	  study	  

investigates	  SURGE:	  Fuzzy	  Chronicles,	  a	  physics	  game	  targeting	  Newtonian	  mechanics,	  used	  within	  

a	  7th	  grade	  STEM	  class.	  The	  97	  players	  within	  the	  study	  were	  assessed	  using	  a	  pre	  and	  post	  test	  of	  

physics	  understanding,	  as	  well	  as	  an	  engagement	  survey	  after	  playing.	  Their	  logged	  game	  data	  was	  

also	  collected.	  A	  subset	  of	  20	  players	  selected	  as	  case	  studies	  were	  interviewed	  and	  their	  game	  play	  

was	  screencaptured	  to	  record	  talk	  and	  screen	  actions.	  The	  data	  were	  analyzed	  quantitatively	  for	  

patterns,	  and	  the	  case	  study	  data	  was	  coded	  to	  reveal	  the	  nature	  of	  interactions	  with	  SURGE	  that	  

produced	  those	  patterns.	  Overall,	  SURGE	  supported	  learning	  for	  all	  participants,	  and	  completing	  

more	  levels	  in	  the	  game	  predicted	  learning.	  However,	  findings	  suggest	  that	  higher	  performing	  

players	  constructed	  a	  relationship	  with	  the	  game	  driven	  by	  their	  confidence	  and	  noticed	  weaker	  

affordances	  of	  the	  game,	  while	  lower	  performers	  became	  frustrated	  with	  navigation	  and	  other	  

game	  affordances.	  Self	  perception	  and	  social	  scaffolds	  also	  appear	  to	  impact	  gain.	  Interestingly,	  

gamers	  learned	  more.	  Gamers’	  ease	  with	  the	  game	  appears	  to	  arise	  from	  a	  lack	  of	  anxiety	  about	  

gaming,	  in	  conjunction	  with	  a	  confidence	  about	  gaming	  and	  their	  capability	  to	  learn	  a	  new	  game.	  	  
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Chapter One: Purpose 

The proliferation of new technologies for learning is hard not to notice. The number of 

educational games or apps being released each year is astronomical. The potential of these tools, 

specifically, educational videogames, to provide immediate feedback on understanding, position 

children as experts as they experiment in an authentic virtual space, and differentiate learning 

experiences, is quite substantial. However, as with any instructional design, users’ experiences 

with these tools vary—educational games can cause frustration or discomfort for students who 

succeed in traditional curricula, or with the “gamer” population (because it’s a learning game). 

Alternatively, games can be remarkably successful tools for some students who have not 

succeeded with traditional instructional methods. The reasons for this divergence are rooted in 

the relationship between the design and its users—for example, a student whose identity is 

rooted in resistance to traditional academic success may feel more comfortable being seen 

succeeding within instruction that looks like a game. With the number of products available, and 

the building amount of research about the power of learning through educational technologies, it 

is time for an investigation into the diversity of user experiences, particularly how different users 

encounter these technologies differently. 

Young people spend a lot of time playing games and apps. Gaming is the most frequently 

reported activity on computers for both boys and girls. Fromme (2003) discusses how 

videogames have become a fundamental part of children’s culture. A typical 11-14 year old will 

spend just over 9 hours of their day using some kind of new technology (Kaiser Family 

Foundation, 2010). Of teens between 12-17, 50% played games “yesterday” (Pew Internet & 

American Life Project, 2008). In July of 2014, there were 128,823 live “educational” apps 

available in the Apple app store. Nearly every common retailer has a “Learning/Educational 

Games” category among their products. To illustrate the sheer number of products, Common 

Sense Media has reviewed 88 educational games and apps, when selecting for only the ages 11 

to 14— and these are only the apps selected for review by this specialized group 

(https://www.commonsensemedia.org). The acceptance of videogames as legitimate tools for 

learning is growing; for example, the Obama Administration has supported the National STEM 

Videogame Challenge, an opportunity for middle school students design and create their own 

videogames, a process which requires “systems thinking, creative problem solving, 
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collaboration, communication, iterative design and computational thinking” 

(http://www.stemchallenge.org).  

It is clear that videogame technologies contain powerful affordances for learning. They 

provide virtual yet authentic spaces within which to act and experiment; they provide immediate 

feedback on actions and understanding within the game contexts (Gresalfi & Barnes, 2015); they 

are able to differentiate learning experiences in a way never before possible; and lastly, they can 

position children as experts, giving them voice that they cannot have in the real world (Gee, 

2003; Barab, Gresalfi, & Ingram Goble, 2010; Squire, 2007; Squire 2003). Because of these 

findings, there is a growing movement to integrate new game technologies within formal 

educational contexts. For the most part, such research focused on the effectiveness of games or  

particular designs and—more rarely—variation in the effectiveness of games for learning across 

users. The general investigation of the effectiveness of educational games makes sense as an 

early avenue of research—these findings allow us to know whether continued development is 

likely to be fruitful, and how future games should be designed.  However, as the body of 

literature expands on the general effectiveness of games, it becomes appropriate and necessary to 

look closely into the variance of findings—how and under what conditions a particular game or 

design feature might be acted on by a user. 	  

Despite the potential of games for learning, previous research has suggested that 

educational videogames do not work as an ideal instructional method for all users. For example, 

Squire (2005) found students who were traditionally successful in school tended to dismiss the 

potential value of their success in playing educational games, while academic underachievers in 

particular, or the students who resisted mandated traditional school curricula, were more 

enthusiastic about game play and developed better conceptual understandings of the content. 

Similarly, those who self-identified as “gamers” had trouble connecting that identity to their play 

within an “educational game.” Failure within the genre of educational gaming upset and 

frustrated these students. Squire (2005) suggests that these users “may be inclined to reject 

educational games out of hand if such games challenge or compromise their identities as gamers” 

(p.4). 

For educational game designers and researchers, it is useful, and practical, to think about 

diversity in user experiences—for whom a design works and does not work. While variation in 

research results is often discounted as “noise,” these qualitative investigations may provide vital 
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insights for redesign, or better understanding the nature of learning within educational games and 

products. There is much more to understand about the variation in take up of particular 

affordances of educational games, and the nature of how these interactions with different users 

unfold in differing trajectories, than existing literature explains. 

Considering games from the perspective of the user changes the unit of analysis of games 

research from a focus on the design of the physical product to include the use and manipulation 

of that product in a multiplicity of ways by the users. When playing videogames, children 

primarily focus on the possible relationships between themselves and different objects in the 

game environment. In other words, they want to what can be done, or discover all possible ways 

of interacting with the game (Linderoth & Bennerstedt, 2007). As a parallel example, it has long 

been accepted that a set of curricula does not stand alone. Rather, its impact is in how it is 

perceived, taken up, and adapted in a particular context (Ball & Cohen, 1996; Brown & 

Campione, 1996). An educational game can be thought of in the same way. In other words, 

analyses of learning need to go beyond the game alone to include not only learning outcomes, 

but also the ways the game is engaged by different players. If the design truly is considered as 

the game itself plus take up through users’ interactions, then a game design is just not one linear 

experience, but a branching network of potential trajectories.  

The purpose of this study is to consider the diversity of players’ actions in relation to the 

affordances of a particular educational videogame, with the goal of broadening research 

questions beyond whether or not a game is effective, but also why games might be more or less 

effective and enjoyable, for which students, and why. The specific research questions that are 

asked in this dissertation include: 

Research Questions	  

1. How do different players perceive, make sense of, and take action on the same set of 

affordances within a game design differently? 	  

a. Where is the variance greatest?	  

b. Where is there little to no variation in take up of a game experience? (Which 

affordances are very strong?)	  

The analysis chapters are organized by three methods to look into the interactions between the 

player and the game, investigating the differences in players’	  interactions through three types of 

data sources: 	  
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2. What are the differences in player interactions with the game as visible through the 

quantitative data? (Chapter 5)	  

a. What factors predict game success (highest level) in SURGE? 

b. What factors predict learning in SURGE? 

c. Are there differences in game experience between those who start off as 

knowledgeable about physics and those who do not?  

d. Are there differences between “gamers” and “non gamers”? 

e. How do the case studies compare to participants overall? 

3. What are the differences in player interactions with the game as visible through players’ 

talk? (Chapter 6)	  

a. How does the game play experience for students who had high posttest scores and 

high engagement survey ratings differ from others’ experiences? 

b. What do cases with low posttest scores and low engagement ratings look like in 

comparison to those experiences? 

c. Contrasting two cases, how might self perception and social bids during game 

play contribute to game success and learning?  

d. How do “gamers” talk about the game, compared to other participants? 

e. What are the strongest affordances of the experience, as visible from participants’ 

talk?  

4. What are the differences in player interactions with the game as visible through players’ 

actions (on screen)? (Chapter 7)	  

a. Do a player’s total number of attempts in the game, or the average time taken to 

complete a level have relationships to other factors? 

b. How do (eventual) high and low posttest scorers play with the same level 

differently?  

c. How do gamers interact (on screen) with the same level differently from other 

participants? 

d. What are the strongest affordances (on screen) for players interacting with 

SURGE? 
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Chapter Two: Theoretical Framework 

There are at least two perspectives on how learning can be conceptualized within games, 

and specifically, educational games. These two branches have different epistemologies related to 

learning, and so it makes sense that their descriptions of learning and game interactions reflect 

different traditions. Journals and research based in human & computer interaction (HCI) 

research, psychology, or studies of computers in education are more focused on computing and 

with emphasis on player characteristics separate from game play. These models of learning are 

more of paralleled to an information-processing model, thinking of the human mind paralleled to 

a computer. This work often investigates topics like how cognitive load or attention relates to 

videogame play. They discuss player interactions in terms of cognitive load and knowledge 

capacity rather than attunement of perception [only] in relation to specific game affordances. 

Alternatively, journals and research based in the Learning Sciences, or cultural investigations 

into game studies often discuss interaction and the context of player and game play. The 

literature is limited on this topic overall, so I draw from the findings of both groups throughout 

this dissertation. However, since I am using a framework focused on interaction, I make an effort 

to define and discuss these findings in relation to the findings of this study.  

Researchers in HCI, who typically use computational models of thinking and learning, 

have taken up looking at games and technologies through interaction frameworks, specifically, to 

highlight the construct of user intention. The intentions, goals, and choices of a user, as well as 

their previous learning and capabilities, have been investigated to some extent in relation to 

computer technology. The fields of adaptive computing and human-computer interaction appear 

to have this as a focus, in attempts to develop designs that respond and interact with their users. 

In fact, considering the concept of intention rooted in ecological psychology (Gibson, 1986), 

Linderoth (2013) claims, “the affordance concept was picked up by traditions such as human-

computer interaction and interaction design, where it came to take on a somewhat different 

meaning from the original one” (p.2). User intention is often measured in the field of 

experimental psychology and human-computer interaction (HCI) as a term for participant goals 

considered broadly (even reaching for an object in the moment of the experiment) and as a factor 

contributing to participants’ perceptions. For instance, Peterson & Hochberg (1983) indicate that 

intention can be inferred from visual perceptual cues (what subjects notice). They claim that 

even perceiving a drawn symbol on the page requires that “the viewer must be operating with 
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some perceptual intention” p.192), which affects whether they immediately perceive a simple 

line drawing as 2D or 3D. Gibson (1986) might say that subjects perceived a thing that afforded 

three dimensionality rather than a simple line drawing.  There are also findings showing that 

intention affects the perception of distance (Witt, Profitt & Epstein, 2005). Objects that are 

perceived as reachable using a baton were approximated closer than objects at the same distance 

that were not reached toward. This finding held only when participants intended to reach the 

object, rather than just holding the extension baton. These authors cite and discuss these findings 

in relation to Gibson’s theory linking action and perception, saying, “perceived affordances, in 

contrast to available affordances, depend on the perceiver’s intentions” (p.886) and “the authors 

perceive the environment in terms of our intentions and abilities to act within it” (p.880). In other 

words, our intentions shape what we perceive in the world (what we perceive it as), and 

therefore, alter the opportunities we have to act upon.  

While relational constructs, like the intentions of a user interacting with a technology, are 

emphasized in the fields of HCI and adaptive computing, their epistemology appears to still 

focus on the individual. User intentions are measured discretely and are often discussed in terms 

of capacities rather than fluid constructs. Other attempts at characterizing the relation between 

user and design aim to characterize affect or psychological types in an effort at a kind of 

affective design. The user is defined either in terms of affect or psychological needs (Bostan, 

2009) rather than cognitive content or conceptualized goals. Players are often assessed in some 

way and then put into broad categories of player types such as “explorer, socializer, killer, etc” 

(Göbel, Wendel, Ritter & Steinmetz, 2010) for the entire gaming experience rather than building 

in variance or non linearity within each moment or choice in the experience. Khalid (2006) 

discusses the need to understand user diversity, but only in relation to affective design, or the 

user’s emotional needs. While emotional states may very well contribute to a user’s state of 

mind, it leaves out the content of their thoughts, as well as previous goals in relation to what 

they’re currently perceiving. Gilleade, Dix, & Allanson (2005) describe how videogames might 

provide affective feedback for players (adaptive feedback) based upon emotions during game 

play (but not how the game experience changes based upon differences in player perception or 

choice). 

There is growing consensus (Arnseth, 2006; Fabricatore, 2000; Linderoth, 2004; Allen, 

Otto, & Hoffman, 2004; Young, Slota, Cutter, Jalette, Mullin, Lai, Simeoni, Tran, & 
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Yukhymenko, 2012) that videogames must be considered as an interaction between player and 

design, rather than as one design that has particular affordances within all contexts. Arnseth 

(2006) presents an argument for a need for less dichotomous research models of videogames and 

argues for more interactionist methods. He claims “when it comes to research on computer 

games, research accounts still tend to be very dichotomous, apart from a few exceptions” 

Arnseth notes Gee (2003), Linderoth (2004), and Squire (2003) as these exceptions (para 6). 

Arnseth claims that there is a tendency to view games in terms of their impact on cognition, and 

he believes the directionality of this idea is too simplistic. The game doesn’t transfer undistorted 

material into the mind, but contributes to the processes already taking place. He believes the too 

simplistic model is often assumed in educational research on computer games, and hopes to 

illuminate new directions for analytical practice toward a more interactionist model to 

understand learning and literacy in game experiences. Furthermore, he echoes Linderoth (2004) 

in saying that global claims about the learning affects (or affordances) of videogames do not 

make much sense, simply because these affects of games are fundamentally rooted in specific 

contexts where they are experienced (Arnseth, 2006; Linderoth, 2004). 

Fabricatore (2000) outlines a model of game play in terms of the information provided to 

the player in the game and the decision points which make up the overall interaction of the game 

experience. Fabricatore’s proposal is also directly pushing back on the idea that game play is a 

unidirectional flow of activity and information as opposed to a complex interaction. Fabricatore 

compares gameplay to a dialogue between the player and game, starting with information 

gathering, information analysis, decision making by the player, and then interactions within the 

gaming world to continue the cycle. Overall, the player receives many inputs from the game, 

such as functional and ambient information, and the scenario and virtual environment, while the 

player impacts the game through various controls and choices they are able to make in game 

play. Fabricatore notes in his bidirectional model that players impact the game through built in 

controls but also that the player changes because of the game—that learning is actually required 

in order to play, since the interactive cycle above requires the player to develop some skill over 

time responding to feedback the game provides. Further, videogames allow this learning to occur 

in simulated contexts that player would not have the opportunity to interact within in real life 

situations (he suggests to imagine the difference between using a flight simulator and trying to 

fly an airplane without proper training).  
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For this reason, and in order to study the interaction that occurs as part of game play, a 

relational ontology is necessary. In other words, a framework is required that does not aim to 

measure discretely the player nor the game, but the relationship between the two in the activity 

of play. Such a framework provides a focus on the interdependency of environment and person, 

as well as the influence on these things of in-the-moment perception and goals. The ecological 

theory of perception proposed by Gibson (1986) provides one way to make sense of these 

situations as well as a unique perspective in understanding the interdependence between user and 

game design.  

Ecological Psychology 

Ecological psychology claims that what happens in any situation may be broken down 

into the impact of multiple factors—affordances of the situation as well as the effectivities of 

agents perceiving and acting within that space (Gibson, 1986; Young, 2004; Barab et al., 1999). 

Affordances are opportunities for action within a given environment. A bridge affords crossing, 

for example. A keyboard affords typing. It also affords hitting if someone picked up a keyboard 

to use as a beating stick. These potential actions can only be considered in relation to an agent 

with effectivities of acting on them in particular ways. A bridge only affords crossing for a thing 

that can ambulate, or move itself across a flat surface. A keyboard only affords typing for a 

creature with fingers, and only affords hitting for a creature that may grasp the object. All of 

these capacities for action held by an individual in relation to an affordance are that individual’s 

effectivities. Affordances and effectivities are reciprocal terms (Gibson, 1986). One cannot be 

considered without the other.  

Ecological psychology is a theory of affordances, and the perception of those 

affordances. In other words, when something is perceived, it is perceived as something 

meaningful. When a player in a game learns what particular functions do—like adding columns 

to place a fuzzy, they see that part of the screen differently, meaningfully, as an affordance that 

fits that particular function. It is important to note that perception, according to Gibson (1986), is 

a construct that is different from biological process of sensory perception. In the biological 

process, we discriminate information available in visible light and then the signal is transduced 

and processed within the brain (Linderoth & Bennerstedt, 2007; Gibson 1986). The affordances 

of ecological psychology are characteristics that are immediately meaningful to the individual 

who might act upon them—they are perceived as something. On a psychological scale, we make 
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discriminations in what we perceive to acquire meaning from our environment. When we learn, 

we gain the ability to perceive new affordances. In other words: 

Learning is a process of becoming attuned to certain aspects of the environment in such a 

way that we gain new affordances, new ways to act and interact with the world. We make 

finer and finer discriminations, for example a mushroom picker first learns to see the 

difference between edible and unknown kinds which might be poisonous, s/he 

differentiates what mushroom that affords cooking and eating and what might afford 

getting poisoned (Linderoth & Bennerstedt, 2007, p.602). 

 

Meaningful perception, according to ecological psychology, occurs when someone 

notices an opportunity for action—not at the moment when sensory information activates 

neurological receptors. A person’s perception is the target for intervention in any ecological 

psychology design, and perception can be attuned to notice particular affordances over others. 

This makes ecological psychology particular useful for informing the work of design. It’s 

important to note that the fundamental assumption of ecological psychology is that learning 

occurs through attunement of perception. Designs informed by this framework aim to shape 

perception of a given environment, or what someone does based upon the information provided 

within the environment. Analysis methods using this framework investigate what someone 

perceived during an interaction—which elements were most salient, or, which elements players 

were most attuned to during game play. The design of a piece of technology has a lot of power to 

afford a particular interaction that could direct attention in particular ways. 

Affordances of a Game and the Context of Game Play 

An affordance is an opportunity or offer that can be discriminated within the environment 

always considered in relation to the agent that perceives (and potentially acts upon) it. In any 

situation, we perceive meaningful opportunities through visually discriminating relatively stable 

or persistent patterns within the space around us, and anything that we notice is perceived in 

relation to our previous attunement, our means to act and our own goals. For example, when 

perceiving a go-cart, we don’t simply see a configuration of metal, but we perceive a sit-on-able 

drive-able thing (because we have previous attunement to the affordances of a car, have the 

physical capability to sit in the car, and may wish to go for a ride). Importantly, affordances do 

not cause action (including perception and cognition as types of action). Rather, affordances are 
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opportunities for potential action (Barab et al., 1999). Whether or not an occurrence of 

perception or action takes place is codetermined by effectivities held in relation to that 

affordance, and whether or not the agent perceives and chooses to act upon it.  

In a videogame context, affordances would count as any opportunity for action (or 

reaction) during the game experience. Affordances of videogame experiences are potential 

opportunities for action that are included in the game. Whenever a choice is offered or even a 

mouse click is required, the player must perceive the affordance of the game and act on it or not. 

These opportunities may include choices presented within the game, reasonable instances for 

potential action—clicking on an object, or reacting in relation to an event in the game. 

Importantly, affordances include potential actions taken within the context around the game. If 

action (or reaction) was taken, it indicates an affordance that was perceived and acted upon. 

Games, and specifically SURGE, are played in a classroom space with its own rules and social 

interactions that existed long before we arrived and continue through the school year after we 

complete the study. Players within these spaces may perceive and act upon any number of things 

in the space around them—from the availability of a nearby researcher (to raise their hand) or to 

the disgusted face of their seatmate after they shared their Halloween costume idea (as a social 

crisis that may be fixed by declaring they haven’t gone shopping yet).  

Players’ Effectivities During Game Play 

Theoretically, the effectivities and intentions of players interact with the affordances of a 

game, and the context around the game, to produce what happens moment to moment. An 

effectivity is the means or capacity to perceive (and potentially act upon) an affordance. When a 

person is able to discriminate a new affordance they would not have noticed previously, they 

have gained a particular effectivity, or the ability to perceive (recognize the meaning of) an 

affordance (in relation to themselves).  

Effectivities can be measured by gauging a player’s attunement or ability at a certain 

point. In a videogame, players take actions differently over time, as they get better at the game. 

Practice with the game changes the player’s attunement; that is, contribute to the capability of a 

player to discriminate affordances of the game experience. For example, a child playing a game 

about physics might have effectivities for recognizing particular affordances based on what they 

have heard about Newton’s laws before, or have effectivities in relation to games that have 

developed through previous game play. Contrastingly, previous experience with similar games 
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may have attuned the player to typical actions and advantageous choices within videogames, 

actually helping their performance. 

Strong and Weak Affordances 

Within any game design or curriculum, there are particular opportunities for action 

afforded by the experience. Within any interaction, some affordances are stronger than others 

(Gresalfi, 2009; Gresalfi, Barnes, & Cross, 2012). A strong affordance is one that requires action, 

such as a direct question, or an action in a game that is required to continue any further. A 

weaker affordance might be when a person asks for volunteers for a task—stepping forward is 

entirely possible, but not required. Within a game, weaker affordances are the optional actions 

that are a part of the game experience that are entirely possible but not required, like clicking the 

buttons on the periphery of the screen saying “More Info,” by asking for help or tips from other 

players, or engaging in other social discussion around game play. To elaborate on this, 

considering the differences in experience for different players of a videogame, a stronger 

affordance would be common to most or all players. For example, if pulling a lever is required to 

play a level of a game, then all players who interact with that game will become attuned to what 

the lever does. Weaker affordances of the game might likely differ among players—if something 

is a weak affordance, by definition, only some of the players of that game might perceive that 

affordance, much less act upon it.  

Alternatively, different users may have different attunement to strong or weak 

affordances—they might have different ability to perceive the affordance as an opportunity for 

action. For example, if a player entered a physics game requiring navigation of a spaceship using 

Newtonian mechanics, without any previous exposure to physics terms or concepts, they might 

see a button with “10N” on it, but they would not see that as a button to add force. They might 

have any number of guesses about what the button does, but they would not perceive it as an 

affordance to control their ship in the game. A different player, who has had some exposure to 

physics concepts, who may have seen the word “Newtons” before, but hasn’t received explicit 

instruction, may have a very educated guess that “N” has something to do with force. They might 

have a stronger attunement to the affordance, perceiving the button as an affordance having 

something to do with pushing.  
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Chapter Three: Literature 

In Chapter 2, I discussed two potential perspectives that conceptualize learning and game 

play. This study uses a framework that underscores interaction. The methods and analysis are 

conceptualized with this framework and mind, yet, there is a lot of literature on users of games 

that may be helpful, but consists of work that has been conceptualized quite differently. The 

literature presented here was explored with the goal of better understanding the diversity of user 

experiences of games. The literature presented here draws from work influenced by a spectrum 

of epistemological beliefs and analytical frameworks. I discuss findings here in terms of how 

they may be relevant for the current study and the current research questions, as they are 

conceptualized.  

The sections are roughly organized to align with the research questions and analysis 

chapters—first presenting the trends regarding the larger categories of player characteristics and 

learning, then player talk and social factors, and then differences in game actions and game play. 

First I discuss how characteristics of users of games can contribute to their game play and 

learning, including prior gaming, previous experience using computers, gender, and prior physics 

background. Players have particular attunements that they bring to game play, and these can 

become relevant in a new game context. After elaborating patterns visible in users, I examine 

how the game experience can diverge once players begin playing a game. For some, the activity 

is a social experience—players perceive their peers as affordances that are part of game play. In 

other words, social talk, competition (comparing scores) and collaboration (seeking or offering 

help) can become legitimate and core parts of game play, as perceived by the player. 

Additionally, players’ interest, confidence, and persistence can sometimes be visible through 

game interactions. A more confident player may perceive a difficult level of the game as an 

opportunity to display their skills, while others may see it as an opportunity to look inept at game 

play. I discuss how these perceptions of the game, and game interactions, might relate to game 

performance and the process of attunement—the ultimate goal of an educational game.  

What We Know About Game Players 

Gamers play differently than non-gamers. Overall, it seems that game experience 

leads to different ways of playing games, even if the game is novel. Orvis, Horn, & Belanich 

(2008) found that users with more general videogame experience performed better than those 

with less experience, regardless of the level of difficulty of the game. One suggested explanation 
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by the authors is that playing games activates familiar videogame-relevant schemas during game 

play. Said another way, players who have interacted with typical game affordances within many 

kinds of games are well attuned to a wide range of affordances, what they do, and how to use 

them successfully to win a game. Experienced gamers also choose more difficult personal goals 

for game play and report higher self-efficacy for game play. It has been suggested that 

individuals who are more experienced gamers may benefit the most from educational video 

games because their experience and skills place less of a strain on working memory. Those with 

less experience may be overwhelmed, or experience cognitive overload, while struggling with 

usability aspects such as navigation and directions (Tawfik, He & Vo, 2009). In other words, 

players who are already well attuned to understand what game affordances mean and can do only 

need to explore the affordances related to game content outside of basic navigation—they only 

need to become attuned to these affordances and not everything at once, so it makes sense that 

they might do better compared to game novices. Tawfik, He & Vo (2009) found through exit 

interviews that navigation provided either a severe impediment or a minor setback for users 

depending on video game experience. For example, one participant who rated herself as a poor 

videogame player said, "It took me about 20 minutes to get it where I wasn't staying in the wall 

the entire time" (p. 718). Another participant in their study who played games several times a 

week reported a very different experience when asked about the controls: "I did like the control 

setup, but just going up and down was really different. It took a little bit to get used to it" (p. 

718). Both of these players did not understand the affordances of the controls—what they did 

was unclear. However, the more experienced player more easily overcame the obstacle, once she 

“got used to” it. As these two players show, the reaction to frustrating controls differed, but 

experienced players expressed an ability to eventually overcome the setback and progress 

throughout the game. 

Some games have added scaffolds to direct players’ attention when they show frustration. 

However, the presence of scaffolds in games might impact opportunities for problem solving. 

Adding scaffolds might seem helpful, but players may become attuned to looking for the 

scaffold, rather than the game affordances required to solve a problem (Sun, Wang, & Chan, 

2011). Given access to scaffolds, new players may be able to solve tasks, but not conceptually 

understand why or how their choices work to accomplish the goals of the game. A difficulty of 
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designing a game experience is balancing between providing opportunities for persistence and 

avoiding too much frustration for players, preventing more complex problem solving.  

Users of games that are computer literate, and adept at technology, may also have less 

anxiety around game play. Appel (2012) found that more time playing games was related to 

higher scores on practical and theoretical computer knowledge (theoretical knowledge meant that 

users could define what different terms meant, while practical knowledge meant that users could 

explain how to do a particular thing, like close out of a program when the computer mouse isn’t 

working). But, additional statistical analysis indicated that the relationship was mediated by a 

decrease in computer anxiety, not by more positive attitudes toward computers. Player anxiety 

may contribute to being overwhelmed by the options on the screen, such as understanding 

controls for navigation or game action. Feeling anxious may prevent attunement to affordances 

of a new game. Alternatively, as just discussed, players who play more hours of games per week 

may already be well attuned to affordances of most games, and have few to focus on when they 

enter a new game—the particular game dynamics related to learning of content or new unique 

affordances in the new game. The study suggests that players with more or less anxiety about 

game play notice different things in games, and become attuned very differently to game 

affordances.  

Although gamers have less anxiety about navigating through new games, there are some 

anxieties gamers tend to have about their gaming. Bringula, Lugtu, & Aviles (2015) observed 

that gamers were inclined to be more anxious about being defeated in a game as gaming became 

frequent and length of years spent playing games increased. They also felt stressed about gaming 

as years of playing increased. They also felt stress and anxiety, and pressure when they were 

competing with a better player, especially has they reached higher levels in a game. In other 

words, players with more game experience became more attuned to the possibility of defeat, and 

other players’ scores, than the game actions required to win. One reason for this reaction to new 

games may be due to frequent gamers’ attunement to the risk of losing resources they’ve earned 

in a game. Many gamers need to play games frequently in order to build up their game 

characters, so they become more powerful. To do this, gamers spend a lot of time and effort to 

achieve their gaming status and achieve accomplishments, and one mistake within a game may 

lead to a loss of earned resources.  
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General computer literacy isn’t sufficient. In contrast to game play experience, general 

computer experience doesn’t seem to affect perceptions of games or game play. Particularly with 

the expansive prevalence of new technologies, home access does not appear to be a significant 

factor for boys or girls (Vekiri & Chronaki, 2008), so the variation in computer experience is 

relatively low. Time using computers does not seem to affect game play, or make users of games 

less anxious about interacting with new game spaces. After finding that gamers had less anxiety 

about game play, Appel (2012) found that the amount of using the computer at school or for 

school related work (at home) were unrelated to these dimensions.  

Adolescent gamers are different. The target sample of this study, seventh graders, 

represent a particular type of population within the “tween” age group. In many respects, seventh 

graders may represent a unique population. For example Wentzel (2010) found that seventh 

graders as a whole perceived less support available from teachers than 6th or 8th grade. The 

specific academic and social issues unique to the age of seventh grade students are not well 

understood. This developmental stage is noted by exploration with a moldable identity, as well 

various types of social play. While pretend play in younger children may look like a game of 

dress up, older children move pretend play into more social forms, and rather than play on a 

playground, they go online to play and socialize (Steeves & Kerr, 2005). Playing with identity 

through online technologies may be a tween version of dress up (Gross, 2004). One of the 

primary methods through which older children and pre-teens pretend play is playing with their 

game-self, their avatar choice or in-game interactions (as a separate space from real life). 

Technological play helps kids explore their identity and experiment with different aspects of 

their personality (Azzarone, 2004). One example of pretend play in videogames is customization 

of an avatar to parallel or diverge from their real self. In this way, videogame play may provide a 

healthy opportunity for players to explore their identity and cross norms they obey in everyday 

life (Kafai et al., 2007). 

The game in this study, SURGE, does not contain avatar choices or customization. 

However, these characteristics of adolescents may emerge in game play, even without built in 

affordances for identity play within the game itself. The context and talk around the game 

provide space for some of these interactions. The identity play of adolescents also sheds light on 

why adolescent gamers play games—some of which participated in this study and may draw 

experiences from their gaming to SURGE. 
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There are gender differences in game play. Gaming is the most frequently reported use 

of computers for both boys and girls, and have become a fundamental part of children’s culture 

(Fromme, 2003). A typical 11-14 year old will spend just over 9 hours of their day using some 

kind of new technology (Kaiser Family Foundation, 2010). While boys spend more time playing 

games than girls, the gender gap in gaming appears to be decreasing as videogame play becomes 

more common and gaming increases for both genders with age (Homer, Hayward, Frye, & Plass, 

2012). However, perceptions of technology use tend to differ by gender: boys are more likely to 

talk about technology with friends; express somewhat more positive self efficacy and beliefs 

about the value of technology compared to girls; and perceive more support from their parents to 

use new technologies (Vekiri & Chronaki, 2008).  

There are also differences in how boys and girls tend to interact with technology. Squire, 

Barnett, Grant & Higgenbotham (2004) found that when playing a physics simulation game, 

boys and girls appeared to perceive the purpose of their play differently and acted upon different 

affordances of the game. Boys were interested in beating the game while girls generally aimed 

for exploration of the game tools and simulating multiple options. Using interactive technologies 

such as games, girls often look for opportunities for social interaction and collaboration rather 

than competition (Volman & van Eck, 2001; Passig & Levin, 2000; Cone, 2001). In general, 

girls tend to use communication affordances of the technology such discussion board, email, or 

messaging, while boys often prefer to act upon affordances that provide control over the screen 

or game, or creating content new material (Lenhart, Rainie, & Lewis, 2001; Caleb, 2000). More 

recent research suggests these general trends have not changed; Appel (2012) found that board 

games, simulations, and Facebook-games were much more popular among girls than among boys 

whereas the preferences were reversed for first-person-shooters, action, and fantasy games. 

Overall, girls used the computer less for entertainment purposes and programming and more for 

emailing and schoolwork at home. Lucas & Sherry (2004) note that boys seek out videogames as 

their method of social interaction, while girls usually do not. 

Anxiety about playing videogames seems to differ between the genders, but this may be 

related to gaming frequency rather than gender. It does appear that girls show more anxiety about 

game play, compared to boys. They also reported on more computer anxiety and were more 

likely than boys to perceive the computer as an autonomous entity (Appel, 2012). They also 

found very large differences between boys and girls in the computer knowledge scores (Appel, 
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2012). This indicates that, generally, girls might have more anxiety about computers because 

they are less likely to see technology and games as something they can control. Tawfik, He & Vo 

(2009) found that boys improved more in posttest scores after a game experience when compared 

with girls in their study. They suspect that this could be because boys were much more likely to 

have experience with video games when compared with girls, which may have contributed to 

their game interactions and learning. 

Middle school aged girls are particularly at risk for confidence problems related to their 

learning—perceiving and reporting they are doing worse than they really are. While in 

elementary school, boys and girls report similar self efficacy in mathematics, by middle school, 

girls rate themselves lower. Especially when self reporting, boys are more likely to perceive and 

express confidence in skills they do not possess or overconfidence in skills they have, while girls 

are more conservative in their judgments (Pajares, 2010). Further, over the course of high school, 

girls’ sense of belonging in school declines. Middle school girls participate in identity work in 

school, deciding how they are viewed by others (Barton, Kang, Tan, O’Neill, Bautista-Guerra & 

Brecklin, 2012). Girls may benefit from practices connecting technology to other school subjects 

(Vekiri, 2013). For girls, peer math and science support is important. During adolescence, 

conformity to peer norms tends to increase, girls may find it especially helpful to perceive 

support among their classmates for achievement in these subjects (Leaper, Farkas, & Brown, 

2012). 

Prior knowledge and perceptions of “doing physics.” The game used in this study is 

about Newtonian mechanics. Because of this, perceptions of and prior attunements to physics 

might be relevant to how players interact with SURGE and understanding user experiences with 

the game. Most studies of physics learning compare experts and novices. Novices vs. expert 

physicists see physical scenarios differently and take sharply different approaches to explaining 

them. Novice understanding often relies upon what physical phenomena they’ve seen in the 

world—their own experiences. One iconic example is that many students believe that a constant 

net force is required to keep an object at a constant velocity (Laws, Sokoloff & Thornton, 1999), 

which is in direct opposition to Newton’s First Law that an object in motion will stay in 

motion—the misconception is because students aren’t thinking about friction, which is not 

mentioned within the theoretical law. They are attuned to the physical dynamics of their 

everyday experience. Alternatively, when asked to explain why some bells have higher or lower 
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pitch than others, novices might explain that thicker bells have lower pitches, indicating their 

attunement to the fact that bigger things have lower pitch (such is often the case with human 

voices). Those who have more physics expertise may relate the thickness of the bell to frequency 

of vibration (diSessa, 1993). Given this, players of a physics game who are novices to physics 

might rely upon their own experience in a world with friction and air resistence—they may 

assume that any object will slow down over time. However, those who have some exposure to 

Newton’s laws might understand that objects moving in some places, like space, have little to no 

friction and may rely more upon the formula’s inherent in Newton’s laws than their own 

experience.  

While there are a list of misconceptions about mechanics that physics students are known 

to have, the types and distribution of these misconceptions is unpredictable. A misconception can 

be considered as a (mis)attunement to some phenomenon—the dynamics at play are seen as an 

affordance that does something it does not actually do. “Even though the false beliefs of a 

significant minority of students may share similar elements, they are not the same beliefs” (Chi, 

Slotta & de Leeuw, 1994, p. 37).  In other words, a given group of students usually doesn’t hold 

the same set of misconceptions—this is something that could be better understood. Furthermore, 

Chi, Slotta & de Leeuw (1994) found that the number of false beliefs students held was not 

related to their pre test scores of physical properties of the circulatory system. The 

misconceptions students held were also only partially (30%) related to historical false beliefs 

about the physical world held by pre-modern scientists. Looking into the nature of 

misconceptions may illuminate the diversity of student physics-learning interactions from which 

they conceptually evolve a more advanced physics understanding. In terms of diversity of 

experience and perception of physical concepts, it is known that very generally, students 

approach the world with intuitive physical understanding of the world based upon attunement 

from their previous experiences, which are very resistant to change. Traditional instruction only 

changes the conceptual attunements of 5-15% of students (to that of Newtonian mechanics from 

basic misunderstandings of the physical world) (Laws, Sokoloff & Thornton, 1999). As such, 

one place to look for diversity are the previous attunements students may bring with them, and 

the well known misconceptions that people tend to have about the physical world from their past 

perceptions. 

Self Perceptions and Interest Impact How Players Interact With Games  
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As players interact with the game space, their own self-perceptions, interest, confidence, 

and persistence impact their game play. People who have a higher self efficacy are more likely to 

see new technologies as opportunities to take action for their own personal goals (Vekiri & 

Chronaki, 2008). Interest and value both matter in relation to tasks—both are linked to higher 

levels of achievement. In fact, values influence the choices of students (which task they choose) 

while efficacy or competence beliefs tend to influence performance, and actions on the task itself 

once chosen (Pintrich, 2003). When Bourgonjon, Valcke, & Soetaert (2010) investigated 

students’ perceptions about the use of videogames in classrooms, usefulness stood out as the 

strongest predictor for students’ preference for using games in classrooms. Personally identifying 

as a particular type of role (i.e. as gamer, as good student) is also important. Relatedly, 

affordances of games that connect to a particular professional identity, such as playing a game as 

a scientist, can help the player align their goals to that of their avatar, and impact the player’s self 

perception (Foster, 2008). 

It has been a major finding from motivation studies that when people expect to do well—

they see a task as something they can accomplish—they tend to take more actions (put forth 

effort), persist in difficulty and are more likely to successfully perform the task (Pintrich & 

Schunk, 2002; Pintrich, 2003). Simply, put students who believe they can and will do well are 

much more likely to take actions that reflect effort and persistence than students who do not 

expect to succeed (Bandura, 1997; Pintrich & Schunk, 2002; as cited in Pintrich, 2003). 

Confident students are more engaged in learning tasks than students who doubt their capabilities 

(Pintrich, 2003). Feelings of competence in a game might refer to perception of self or progress 

in the game toward success. Students with initially high levels of efficacy are likely to show 

improvements in their actions taken and express increases in their enjoyment and interest in 

while interacting in learning activities. Children who doubt their abilities show behavioral 

withdrawal from work and have more anxiety about tasks (Skinner et al., 2008). Research shows 

that more confident students are more likely to persist in difficult situations and approach 

challenging tasks more eagerly than their peers (Stipek 1993). Liu, Horton, Olmanson, & Toprac 

(2011) used a new media science platform with 6th grade students found a significant, moderate 

relationship between the subscale of perceived competence and science knowledge posttest 

scores. This suggests that the students learned more with higher feelings of competence. In fact, 
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there is other research supporting the idea that students’ self-efficacy and performance are highly 

correlated (Lane & Lane 2001; Pajares and Miller 1994; Pintrich and Schunk 2002).  

Students who believe they have more control of their own learning and behavior are more 

likely to do well, be more engaged in tasks, and achieve at higher levels than students who do not 

feel in control (Pintrich, 2003). Autonomy refers to a need to become attuned to affordances for 

controlling the game environment. Children low in autonomy are especially at risk for 

developing boredom and frustration; children low in perceived control, for escalating anxiety 

(Skinner et al., 2008). In this sense, those who don’t perceive that they have a choice, or have 

agency, may not see all options or weak affordances of a given game. 

Persistence is also an important factor in learning tasks. In a study done by Ryan et al. 

(2006), participants were assigned to play a game. Not all participants enjoyed the game, 

however, those who chose to continue the game following a mandatory play session were those 

who reported a sense of competence, and the same players reported a higher perception of their 

well-being after the experience. Pre and post play scores showed that mood, and self-esteem 

dropped for non-continuers, whereas both mood and self-esteem rose for those who continued. 

Overall, those who have high perceptions of their ability and high competence beliefs tend to 

take better actions in games, and become more attuned to game content. However, adding to the 

outcome of these experiences, those who persist through games tend to perceive their abilities as 

higher after an experience. 

Social Interaction During Game Play 

As discussed above, different users entering a game space can have very different 

experiences based of some basic characteristics. However, once players enter into the game 

space, there can be further divergence in how they interact with the game. Game play has been 

found to be a largely social activity (Ferguson & Olson, 2012; Pew Internet & American Life 

Project, 2008). A few potential social affordances of games include competition, collaboration, 

and verbal and social play during and around the game. As such, particularly for the complex 

social dynamics of middle school populations, the game experience, and the learning that occurs 

as a result of that experience, must include context and the interactions that occur within the 

game and with peers during the game experience.  

While some games have social communication functionalities, even when these 

functionalities aren’t present in a game, social interaction tends to emerge naturally in the social 
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context around the game. McClelland, Whitmell, and Scott (2011) found that games can act as 

hubs that can facilitate much off-topic, yet valued, conversation. Importantly, social talk during 

game play might logically be about the game, but to the contrary, conversation transcended the 

game and gaming. “Conversations ranged in topic from national politics to aspects of the 

players’ personal lives. Personal lives were an especially popular topic of conversation with 

players enquiring about each others’ day-to-day happenings as well as major life events” (p. 

222). 

Competition and collaboration. Games, of course, often offer competitive elements as 

core mechanics. Indeed, competition appears to be a primary factor influencing why children 

play videogames (Vorderer, et al., 2003; Sherry & Lucas, 2003; De Roeck, 2008). Sherry & 

Lucas (2003) found that challenge and competition were the top two sources of videogame 

gratification, and proposed that this was because competition modulates enjoyment in games for 

children by prompting social comparison and higher self efficacy (when success occurs). In other 

words, those who became attuned to measures of success in the game (their score compared to 

others) were more likely to perceive themselves as a competent player of games overall. In 

particular, competition among friends appears to provide substantial gratification in videogame 

play (not just beating people, but beating friends). Sherry & Lucas (2003) note that this is 

particularly important for boys, who use games as a source of social interaction.  

When students see opportunities to ask for help, and when they do not, may also matter. 

March & Skinner (2007) found that students who initially did more help seeking increased 

engagement with that particular task throughout the year of instruction, while students who 

concealed their difficulties with a task, or who did not take up opportunities for help, became 

disaffected over the year. Concealment is a strong predictor of decreases in engagement over 

time (March and & Skinner, 2007). Help seeking is a strong predictor of engagement, or 

interaction with the task, yet less so impacts enjoyment, suggesting that even though seeking 

help with difficult tasks can help progress; it may not increase enjoyment of the activity (March 

and & Skinner, 2007). Lobel, Granic, & Engels (2014) determined that awareness of negative 

emotions in a game had relationship to actively seeking support or a resolution to a problem 

while playing. In this way, emotional awareness--knowing when help is needed—is a regulatory 

strategy that is necessary for in game success, especially because many emotional responses in 

games is a direct response to game actions (making wrong choices). For example, after multiple 
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attempts and failure, frustration or sadness might be felt. To prevent more negative emotion, 

players must learn how to make better in game decisions. In this way, recognizing emotional 

states is related to better problem solving. Notably, other responses (beyond help seeking) to 

negative emotional states during gaming, like seeking comfort, or giving up, do not seem to be 

affective strategies to relieve in game stress, particularly because the goal of most games is to 

persist and defeat some obstacle.  
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Chapter Four: Methods 

This study focuses on the diversity of ways that different users interact with a game 

experience. With the goal of finding and investigating the diversity in how players perceive and 

approach game play, I asked this primary question: How do different players perceive, make 

sense of, and take action on the same set of affordances within a game design differently? 

Specifically, I break down this larger question into three methods of investigating the types of 

actions that occur between player and game: 

Where is the diversity quantitatively? 

Where is the diversity in player talk? 

Where is the diversity in player actions (on screen)?  

 

Below, I first describe the design of the game used in the study. Then describe how I 

captured players’ interactions with the game through their talk and on-screen actions during the 

game experience, as well as through assessments of learning and an engagement survey. The 

ecological theory of perception (Gibson, 1986) provides a way to make sense of interactions as 

well as providing a framework for making choices about where to look for evidence of and 

capture perception of and attunement to affordances of design. For example, the interview 

questions I asked of participants were intended to measure attunement within the game because 

they were phrased as open questions, the responses to which might indicate what players noticed 

most on the screen or during that part of the game experience. 

The Game: SURGE Fuzzy Chronicles 

The curricular design used within the study is a Newtonian mechanics simulation game 

called SURGE Fuzzy Chronicles. The game can be previewed here: 

http://wise.berkeley.edu/previewproject.html?projectId=11280 (using a Firefox browser is best).  

The goal for the players is to propel their ship safely through the outlaid course and reach the exit 

portal in each level. The core mechanic of the game allows players to place forces on their 

spaceship with a chosen direction and amount of force (in Newtons) to navigate a given path. 

The trajectory may require passing through speed gates of a certain magnitude (e.g. 3 m/s), 

picking up “fuzzies” along the way to carry or throw to propel the ship, or passing through mass 

gates (which require the ship to have a fuzzy as cargo). The game does not explicitly explain the 

terms and instructional content of Newtonian mechanics, but rather, teaches these concepts 



24	  

through interaction within the game. For example, if they use too much force (a 60N force 

exerted for 0.1s) to propel themselves at 6 m/s through a speed gate that requires the ship to be 

going 4 m/s, their ship will explode, and the player will be required to alter their choices to try 

again to pass the level.  

In the first mission, “Red Mission 1” (depicted below in Figures 1 and 2), players need to 

navigate their ship to the right through a speed gate of 4 m/s using the proper force (Figure 1). 

Players drag a force onto their ship, and choose both the direction and magnitude of the force 

(Figure 2) before pulling the lever to launch their ship toward the portal. The available forces are 

typically 10N, 20N, 30N, 40N, 60N, 80N, 90N and 120N, however, sometimes particular forces 

aren’t available if they would make the speed of the ship a decimal. The player can choose left, 

right, up, or down as the direction of the force. 

 

 
Figure 1. Red Mission 1. This figure illustrates the basic layout of each level in SURGE Fuzzy 

Chronicles 
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Figure 2. Placement of force, choice of direction and magnitude in Red Mission 1. 

 

Missions increase in difficulty, requiring the player to pick up and throw “fuzzies,” as well as 

turn corners to navigate through a trajectory (Figure 3). Picking up and throwing a “fuzzy” 

requires more sophisticated problem solving because a “fuzzy” increases the mass of the ship by 

1kg. The appropriate force to propel the ship at a desired speed increases when the ship weighs 

more. Additionally, throwing a fuzzy is a complex action because the force of the fuzzy throw 

pushes back on the ship with an equal force, propelling it in the opposite direction. Lastly, 

navigating around corners requires stopping the ship with a force in the direction the ship is 

coming from equal to the current force pushing the ship. A second force can be placed to push 

the ship in the desired direction. If there is no stopping force, then the ship often flies past the 

stopping point, or is propelled diagonally into a caustic nebula (blowing up).  
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Figure 3. Green Boss Mission 2. This figure illustrates the increasing complexity of higher levels 

in SURGE Fuzzy Chronicles. 

 

Players move along their “star map” through red levels, blue levels, and green levels, 

which each emphasize a particular concept of Newtonian mechanics. Yellow, purple, and orange 

levels steeply increase in difficulty, and are considered “bonus” levels. The red, blue, and green 

“warp” levels (swirly icons on the star map) require players to practice the skills of that color 

level—they play through a set of warp levels multiple times until they reach a warp score of 

“80.” The score is based on how many times the player hit the lever before success, and whether 

they answer the question at the end of the level accurately. After getting “80”, players can move 

on to the next color. 
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Figure 4. The Star Map in SURGE: Fuzzy Chronicles 

 

The red levels introduce the basic mechanics of the game—such as how to place forces on the 

screen—as well as the relationship between forces and speed. For example, players learn how the 

ship moves forward or backward with particular sized forces. The blue levels introduce picking 

up “fuzzies,” which are creatures who live in space and must be rescued. Fuzzies each weigh 1 

kg. The player’s ship also weighs 1 kg. Players stop on a particular point in space to pick up a 

fuzzy, and continue along a trajectory. These blue levels emphasize the relationships between 

mass, force, and speed. For example, the player may push their ship at 20N (for 0.1s) to travel at 

a speed of 2 m/s to the fuzzy, but once the fuzzy is picked up, they must push themselves (with 

the fuzzy) with 40N (for 0.1s) to travel at the same speed of 2 m/s toward the exit portal. The 

green levels build on these skills, but introduce “fuzzy throws” and the concept of opposing 

forces. At particular points, the player can throw their fuzzy away from the ship, which will push 

back on their ship, usually moving it in the opposite direction. For example, if the player is 

stopped and wants their ship to move to the right at 4 m/s, they might throw a fuzzy to the left at 

4 m/s. As players collect more (up to 3) fuzzies, they must be strategic in where and how to 

throw the fuzzies to propel themselves at the proper speed. 



28	  

The opportunities for action within the game include choice of trajectory, placement of 

forces on one of many waypoints, choice of magnitude of force (typically between 10N and 

120N), choice of direction of force, choice of whether and when to pick up and throw “fuzzies” 

at particular magnitudes (also usually between 10N and 120N). The version of the game used 

within this study does typically have one solution for each level, yet there are many potential 

paths of arriving at that solution.  Part of the data collected here document the process of arriving 

at the solution of each level, through many attempts and ship explosions.  

This game has particular characteristics that make is useful for looking for variance 

within game play, particularly through an ecological lens. SURGE is a game with multiple 

levels, which each contain instances of the same affordances (speed gates, fuzzies, etc). This 

quality allows for a comparison of two instances of the same player interacting with the same 

type of affordance, in a slightly different context (level). As a category, educational games tend 

to leave limited space for strategy because they are intended to support a particular 

understanding, story, or collection of information (Brathwaite & Schreiber, 2009). However, 

within SURGE, the more advanced levels allow for some variation of choices for the same 

scenarios, illuminating player strategy. For example, a player may stop themselves with a force 

pushing back on their ship or, alternatively, by throwing a fuzzy in the forward direction—with 

the equal and opposite force pushing back on their ship to stop. Alternatively, some levels 

require particular combinations of actions, and the attunement to these requirements is another 

form of strategy that builds over multiple attempts at the game. Even in games which do not rely 

upon choice or strategy, player skills on a smaller timescale, “twitch skills” (Brathwaite & 

Schreiber, 2009), are often part of game play, especially when speed is required or when many 

decisions must be made in a short amount of time. In SURGE, these skills are present as players 

adjust their chosen forces between attempts, or attempt to solve simple levels quickly. These 

instinctive or reactive actions can add to the diversity of game play, as players attempt to not 

necessarily make the right decision, but the quickest decision. Considering this, SURGE has a 

balance of both opportunities for strategy and “twitch skill” within the confines of the game. 

Study Context 

 The study was conducted in a middle school within a metropolitan school district in the 

Southern United States. This particular school has 44% of its students eligible for free or reduced 

lunch, compared to the 58% state average. Minority enrollment (African American, Hispanic, or 
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Asian) is 50% of the student body (majority African American at 44%), which is more than the 

state average minority enrollment of 34%. The school is 51% female students and 49% male 

students. The student to teacher ratio for the school is 17:1.  

The game described above was taken to and examined within an existing classroom 

ecology—a 7th grade STEM class. The participants were 97 7th grade students, across four 

periods of a math and science focused class, with 20 students chosen as case studies and who 

became the focus of later analyses. Researchers were present in the approximately 75 minute 

classes for a period of 5 days. During the study, the teacher largely handed over the classroom to 

the researchers for instruction. The classroom environment was lively but not overly disruptive 

compared to typical 7th grade classrooms.  

The framing of the task was done to partially set the intention with which the players will 

interact with the games; just as a particular word may have different meanings in different 

situations (Salen & Zimmerman, 2004). The activity is typically introduced, to some extent, as a 

playtesting session in which the students are encouraged to give feedback about the game for its 

improvement. This provides a space where participants’ own perceptions and goals are brought 

to the forefront, where participants can feel powerful, and where they may be enthusiastic about 

talking about their play experiences in a relatively authentic manner. In this way, they are 

positioned as “experts in the use of their own media culture” (Marsh, 2011, p.105). The task was 

also preceded by a very short introduction about the game they would be playing, and a written 

pretest. Students were encouraged to figure out details of how to play the game on their own, and 

students were all encouraged to talk and share game strategies. 

In order to collect more substantial data for particular students with the aim to understand 

nuance within study findings, case studies were selected among the participants. Cases were 

selected on the basis of whom had their consent form turned in the first (or, in some cases, the 

second) day, as the priority was to document the trajectory of learning over the course of all days 

of implementation. Following the initial aim of getting around 5 students per class, the cases 

represent the first 20 students to turn in their consent forms across the four classes, keeping 

relatively even distribution across classes and across gender. The case studies include 10 girls 

and 10 boys.  

Data Collection 
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When collecting data, I aimed to understand the interaction of players through multiple 

modes of data—written assessments and a survey, logged game data, and screen recording their 

talk and game actions. Within the context described above, three sources of data were collected 

from all participants—written pre and post tests, a game engagement survey, and the logged 

game data itself. Pre and post tests were administered to all participants on the first and the last 

day of the study. The assessment is comparable to traditional physics content test questions but 

also aligned with mechanics the game aims to teach. For example, a question might ask how 

much force is required to push an alien weighing 1kg at a velocity of 2 m/s (with no friction). An 

example question is pictured below in Figure 5. 

 
Figure 5. Example Assessment Question (the scenario and question are on the left and the 

answer choices are on the right) 

 

There were 21 questions on the test, with illustrations to depict the scenarios outlined in each 

question. The pre and post test were identical—the same set of affordances (prompts) were given 

before and after the game experience to compare potential change in players’ attunement.  

With the post test, on the last day of the study, participants were given a game 

engagement survey (Figure 6). On the survey, participants were asked to circle, on a scale of 1 

being “Strongly Agree” to 5 being “Strongly Disagree” how they perceived the game experience 
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in particular ways. Following from this, smaller numbers indicated they agreed with the 

statement, while larger numbers meant they disagreed with the statement. The statement prompts 

were “I liked this game”, “This game was difficult for me”, “I worked hard on this game”, and “I 

would play this game again.” At the end of the survey, they were also asked to circle how many 

hours of videogames per week they played. Researchers explained verbally to students that a 

“videogame” included computer games, console games, and games on their phone. The choices 

were “I do not play videogames”, <1 hour, 1-2 hours, 3-4 hours, 5-7 hours, 8-10 hours, or >10 

hours. 

 
Figure 6. The Engagement Survey Given to Participants With Their Posttest 
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While a written assessment and survey is a common tool of traditions that do not focus on 

interaction, an assessment and survey are also affordances themselves. Students’ interaction with 

these affordances reveals something about their interactions up to that point—whether in school 

and other experiences (pretest) or through game play (posttest). Also, because it is an affordance 

that is comparable to traditional assessments of learning, it might be used to assess how a game 

player might do on such assessments after the experience—how their attunement may have 

changed relative to a traditional physics test. On the survey, two kinds of information were 

collected: some background information on students, which is most easily assessed through 

direct questions (hours of videogames played per week), and their perceptions of the game 

experience they just had (whether they found the game difficult, fun, etc). 

Logged game data is also captured for all players. The logged data includes information 

such as the total time to complete each level, number of attempts, highest level completed, and 

scores on the “warp” levels of the game. This data is anonymized, but can be useful to 

investigate macrotrends looking across all participants. For example, if a particular affordance 

was acted upon in the same way by many of the players—if a particular level required many 

attempts to complete across most players—there is evidence that it afforded more interaction 

than other levels. Alternatively, the number of attempts in relation to other variables, like hours 

of games played per week, may highlight how previous attunements contributed to SURGE 

game play. 

The students who became case studies had two additional types of data collected during 

the course of the study. In addition to the sources above, each case study had their screen 

captured during their game play for every day available (that they were present in class). At the 

beginning of each class period, screenshot videos were initiated for the duration of game play 

using the Quicktime screencapture function. The video captured the game screen, cursor 

movement and clicks, and audio using the laptop’s internal microphone. The goal of 

screencapture video is to document the real-time unfolding of on-the-screen actions, such as 

cursor movement, as well as audible reactions of the player during the game. These recordings 

provide more information than simply the choice a player makes at each step in the game—their 

hesitations, outbursts, and switching forces before they pull the lever are all examples of things 

which add to the picture of player strategy that would not be present in the logged game data, but 
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are observable in the screencapture videos. In this way, the affordances that are perceived and 

acted upon can be measured through this data source, providing evidence of what players 

actually say and do during game play. Each case study was interviewed using a set of the same 

questions focusing on their perceptions of the game and overall game experience. Because the 

screencapture recorded the voice of the participant sitting in front of the laptop, the interviews 

were also captured on these videos. At the close of the study, the screencapture videos for all 20 

cases were taken off of the computers and compiled for analysis.  

The case study interviews aimed to further illuminate a player’s perception of the game 

as well as ability to discriminate affordances of the game. For example, an open prompt like 

“Tell me about the game” would illuminate what the interviewee most saliently perceived about 

their experience through what they chose to include in their response. The earlier questions were 

intended to illuminate player’s immediate perceptions of the game while later questions targeted 

players’ attunement to game play affordances and their own progress. The interview questions 

used are listed below, and were followed up by some additional questions based upon the 

responses of the interviewee.  

Day 2: 

“Tell me about the game.” 

“Talk through what you’re doing.” 

“Does what you’re doing feel more like school or more like a game? Why?” 

“Do you play games a lot?” 

“Do you think you are good at games?” 

“Do you think you are good at school?” 

“Are you on the computer a lot? (For what?)” 

“Are any of the words or symbols in this game familiar to you?” 

Day 3:  

 “Are you doing well in the game?” 

 “How can you tell if you’re doing well?” 

 “How is this game different from some other games you’ve played?” 

 “How do you get the ship to the portal?” 

 “What makes you blow up?” 

Day 4: 
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 “Do you think there is more than one way to solve a level?” 

 “What things do you have to make choices about in this game?” 

 “Do you have an overall strategy or secret to playing?” 

 “Have you been playing mostly by yourself or with someone else?” 

 “Do you think you’ve been more giving help or getting help from others?” 

Methods of Data Analysis 

 Given the sources of data collected, described above, multiple avenues of analysis were 

taken to understand the events of the study and answer the stated research questions. The 

analysis included coding as well as statistical tests, dependent upon the type of data. The test and 

survey data were coded, and along with the logged game data, were statistically tested for 

patterns. The screen recording and talk data, including the interviews were qualitatively coded 

for patterns. In this way, the types of affordances that were acted upon, and the relationships 

among affordances of the game experience (including the tests given) could be investigated. 

Pretests, posttests, and engagement surveys. The pre and post tests (in bound packets) 

were scored separately by two researchers. First the scorers entered the letter answers (A-E) into 

a spreadsheet for each question and student. These spreadsheets were compared for reliability by 

one researcher. Any discrepancies found during the comparison were checked (against the paper 

tests) and resolved between the two researchers. A formula referencing the test rubric was used 

to convert these responses into a score for each question—with a 1 for the correct answer and a 0 

for any other answer. The final spreadsheet with student work contained the responses and scores 

for the pre and post test, as well as columns indicating total points, percentage points, and gain 

for both tests. The numerical (a rating between 1 to 5) survey responses were entered into the 

compiled data alongside the post test data. Participants who did not have both a pre and post test 

in the data were excluded from the final data sheet, and the quantitative data explored in this 

study.  

Once the data were prepared in these ways, the quantitative data were analyzed to look 

for trends. Specifically, the test data were statistically investigated for trends between pre test 

score, post test score, gain, and each of the survey response categories, as well as the game data 

that was available (i.e. highest level completed). Statistical tests can illuminate the nature of 

interactions for all participants through better understanding the relationships between 

quantitative variables. The perceived affordances and experience of one player is not 
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understandable through this data, but the nature of an affordance relative to all participants can 

be better understood through its statistical relationship to other affordances (variables). For 

example, the amount of previous game play (and potential attunement to videogame affordances 

prior to the study) may have some relationship to the amount of actions taken during the game 

(the number of affordances that were perceived and acted upon by a player). Depending upon the 

variable, t tests were used to compare different groups of students—for example, the heavy and 

lighter gamers. In addition, correlations and regressions were used to describe the relative 

contributors to variables.  

Analysis of these data and trends is presented in Chapter 5. In all linear regression 

analyses, coefficients represent standardized regression coefficients (beta). Additionally, when 

necessary, survey items were reverse coded (so that more agreement with items such as “I liked 

this game” was always reflected by a higher number). Further, the survey item “I liked this 

game” and the item “I would play again” were highly correlated, r(97) = .806, p < .01. Because 

answers to these questions may have reflected a similar underlying construct, the two variables 

were combined (averaged) into a new variable, “AvgLiking.” I did not control for gender 

because I did not have gender identifications for all students. 

Player talk. The qualitative data were prepared for analysis through a few initial steps. 

Screencapture videos for the case studies were recovered from each laptop, labeled and stored on 

an external drive. The interview questions asked during the study were tagged on these videos 

and transcribed for each case study participant. The interview data is a source to understand how 

different players responded to the same affordance (the same question being asked). Further, 

each of the case study videos were watched in their entirety in order to transcribe participants’ 

talk throughout their game play, write analytic memos on cases’ emergent patterns of interaction, 

and develop emergent codes from these memos. While emergent codes were noted whenever a 

type of interaction seemed to happen multiple times across cases, indicating a potential pattern, 

as a researcher, I was looking specifically (and therefore more attuned to as an analyst) players’ 

reactions to design affordances of the game, and reactions to their own actions and game 

experience. 

The talk of cases was also coded to illuminate the initial trends seen in the quantitative 

data, understanding how and why particular trends were occurring, and what they looked like in 

interaction with the game. For example, I coded differences in talk for higher posttest scorers and 
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lower posttest scorers, as well as differences in players who might be categorized as “gamers” 

(played more hours of videogames per week). I was interested to know how the perception of the 

game and interactions around the game differed for these categories of players, as evident 

through their talk while playing. For example, I wanted to understand how they were attuned to 

different affordances within the experience and the range of ways they acted upon the same 

affordances. For example, I coded utterances expressing perceptions of game difficulty, 

perception of weaker (optional or uncommonly noticed) affordances of the game, or particular 

kinds of social interactions around the game. In Chapter 6, I present some of the patterns in 

relation to these specific categories of players. Notably, these categories were chosen not 

because they are the only way that players might be divided, but because they present 

illuminative divergence in game experience that can be investigated in depth. For example, I 

present how players who were higher performing and rated their engagement highly had a 

largely different experience than players who were lower performing and reported lower ratings 

of their game engagement—a finding that is worthwhile to investigate for both game designers 

and for educational researchers. 

Selecting the cases to highlight particular trajectories of experience here (eventual high 

posttest scorers, eventual low posttest scorers, gamers, etc) was driven by patterns in the 

quantitative data, and are described in each section—for example, to illuminate the experience of 

higher posttest scorers and more engaged cases, I selected the four cases who scored highest on 

the posttest. These players also all selected similar engagement ratings on the survey. Once 

representative cases were selected for each group, the emergent codes for players’ talk during the 

game were searched for comparative differences (i.e. between higher posttest scorers and lower 

posttest scorers). Particular utterances that highlighted the differences in players’ talk are 

presented are presented in the analysis. 

Game actions. The logged game data was also retrieved from our server and processed, 

using a JavaScript and a Perl script previously developed, to display particular types of 

information, such as number of attempts and navigation scores for each set of levels. The game 

data was added to the spreadsheet containing student tests and surveys so that all information for 

each participant was visible. While the game data logs number of attempts for each level, the 

highest level completed, warp scores, navigation scores (how many times the player pulled the 

lever per level), and a few other types of information, I focused on the highest level completed 
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for each student, as well as number of attempts and time to complete each level. Of the data 

available, these seemed to be most likely to show trends related to the entire experience—what 

they tended to do most of the time in relation to the affordances of a level—rather than looking at 

a participant’s individual scores for each level. These numbers were pulled out of the spreadsheet 

into a table for further analysis. The pivot table I created calculated the total attempts for each 

player over the course of the experience (how many times total they pulled the lever) as well as 

the average time they took to complete a trial (to place their forces before pulling the lever to try 

it out). 

I looked statistically at relationships between the game variables of total attempts and 

average time to completion, in relation to the pre/post test measures and highest level completed, 

as well as the engagement variables. After this, I focused on the case study data to develop a 

qualitative analysis of game actions through the screencapture videos. I drew upon the categories 

that were developing through statistical analysis and qualitative analysis of player talk—

differences in higher performing more engaged players and lower performing less engaged 

players and differences in heavier and lighter gamers. Because the experiences of these 

participants appeared to diverge quantitatively and through their discourse, I wanted to present 

what their experiences looked like on screen. I re-watched the screencapture videos attentive to 

player actions, coding the videos in relation to what players were doing on screen. In order to 

compare a specific focused set of affordances across these players, I chose the two levels on 

which I had the most (16) case study participants captured. In coding the videos, first I recorded 

basic information about each participants game play—the day they played the level, the amount 

of time they took to complete, the number of attempts they made for that specific level, and I 

also took notes on what mistakes they made for each trial (what made them blow up). Past that, I 

took note of any additional actions players made in the game play and looked at what the 

previously developed categories of players had in common. 

The cases presented to continue to illuminate particular trajectories of experience were 

somewhat drawn from the previous groups (presented in Chapter 6), continuing the picture of 

trajectory to include both talk and actions. Some exceptions to these selection criteria are 

delineated in Chapter 7. 
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Chapter Five: The Quantitative Diversity in Measures of Players and Game Play 

This chapter begins with quantitative analyses of player experiences in SURGE that will 

drive further qualitative investigations. There were 97 students who participated in the study. 

Twenty of these students became case studies. Below, I present some overall quantitative trends 

of interest, at times by dividing participants into particular groups or profiles to illuminate 

patterns. Specifically, while delving into the quantitative data, here I will discuss: 

o What factors predict game success (highest level) in SURGE? 

o What factors predict learning after playing SURGE? 

o Are there differences in game experience between those who start off as 

knowledgeable about physics and those who do not?  

o Are there differences between “gamers” and “non gamers”? 

o How do the case studies compare to participants overall? 

 

Predictors of Game Success (Highest Level Completed) in SURGE 

One indicator of overall differences in game experiences is how far players progressed in 

the game. Getting farther in the game can be a result of particular kinds of interactions with the 

game; therefore those who got far in the game may have had a different experience than those 

who did not. To examine predictors of game progress, a multiple-regression analysis was 

conducted with “Highest Level” as the dependent variable, Pretest scores and engagement survey 

ratings were included as predictors. The results showed that higher pretest scores predicted 

higher level completions (b = .21, t(89) = 2.49, p < .01). Additionally, higher “AvgLiking” 

ratings predicted higher level completions (b = .49, t(89) = 4.45, p < .01). Finally, hours of 

gameplay predicted marginally higher level completions (b = .15, t(89) = 1.76, p =.08). Together, 

the model explained a significant proportion of the variance in highest level reached, R2 = 

.39, F(5, 89) = 11.44, p < .01. In other words, those who did better on the pretest got further in 

the game. Players who got through more levels in the game also tended to agree with the 

statement “I liked this game” on the engagement survey. In other words, those who enjoyed the 

experience persisted further to complete more levels. Lastly, those who played more hours of 

videogames per week tended to get through more levels—those players who were used to 

playing games got through more levels in SURGE by the end of the study. 
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Looking at the data in a different way, I also examined whether there was a significant 

difference between “high level” players versus “low level” players.  I split the groups at the 

median level reached, with those reaching above level 19 (n = 38) being characterized as high 

level players, and those reaching 19 and below (n = 59) as low level players. Comparing these 

two groups, I conducted independent samples t-tests to examine if there are differences in the 

means of these groups for variables of interest. The groups were significantly different on almost 

every variable.  This indicates that those who got further in the game, overall, had quite a 

difference experience than those that didn’t. Those who got further in the game tended to have 

scored higher on the pretest (t(95)=-4.483, p <0.01), scored higher on the posttest (t(95)=-9.013, 

p <0.01), and have a higher overall gain from pre to post (t(95)=-5.080, p <0.01). They also 

tended to “disagree” that the game was difficult (t(95)=-3.050, p <0.01), “agree” that it was 

enjoyable (t(95)=5.897, p <0.01), “agree” that they worked hard on the game (t(95)=2.583, p 

=0.01), and “agree” that they would play again (t(95)=5.171, p <0.01).  

Predictors of Learning (Posttest Score) in SURGE 

In addition to progress during game play, measures of player learning after game play 

were also investigated. Overall, of the 97 students for whom we had both a pre and post test, 

there was an average gain in pre to post test score of 22.5 (SD = 20.6), which was a statistically 

significant increase, t(df) = ???, p < 0.01. Though on average there was significant gain, that 

was, of course, not the case for all students. For example, there were 32 students of the above 97 

who had less than a 10% gain, no gain, or negative gain. This study, in part, examines why 

players’ experienced diverged. 

A multiple-regression was conducted with post test score as a dependent variable and the 

same predictors as above. Unsurprisingly, higher pre test scores predicted higher post test scores 

(b = .38, t(89) = 6.13, p < .01). Higher level completions also predicted higher post test scores (b 

= .56, t(89) = 8.23, p < .01). Finally, hours of gameplay approached significance (b = .12, t(89) = 

1.96, p =.053). These patterns did not control for AvgLiking. When AvgLiking is included as a 

predictor, it is significant (b = .28, t(89) = 2.79, p <.01), and Hours (b = .20, t(89) = 2.65, p =.01) 

becomes significant. 

Explaining “Liking the Game” and “Game Success”: Potential Relationships Among 

Highest Level, AvgLiking, and Other Variables 
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Examining correlations between the predictors suggests some interdependence among the 

variables of AvgLiking, Hours, and Highest Level Completed (Figure 7). 

 
Figure 7. Correlations Between the Variables of Highest Level, Pretest, Hours, and AvgLiking 

 

As shown in Figure 7, Highest Level completed is significantly correlated with pretest scores, 

with hours of gameplay, and with AvgLiking,. Additionally, AvgLiking is significantly 

correlated with pretest scores and hours of gameplay. 
Because the correlations between these variables may have affected the regression 

results, I re-examined certain regression analyses. For example, in a regression with posttest as 

the dependent variable, when highest level was excluded from the analysis, hours of gameplay 

was a significant (when before it only approached significance), indicating that highest level may 

have suppressed the effect of hours of gameplay. This may suggest that hours of gameplay 

contributed to posttest scores because it led students to complete more levels in SURGE, but 

when highest level was included as a predictor the variance explained by hours of gameplay was 

fully accounted for by level completions.  

Similarly, in the regression with AvgLiking as a dependent variable, only highest level 

was a significant predictor (b = .50, t(91) = 5.13, p < .01), but , when Highest Level was 

excluded from the model, hours of gameplay becomes significant (b = .24, t(92) = 2.37, p = .02) 

and pretest approaches significance (b = .19, t(92) = 1.92, p = .058). Given this, the effect on 
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AvgLiking could be coming from Highest Level, and the other two variables are impacting 

AvgLiking only indirectly (through completing more levels).  

Finally, in a regression analysis with Highest Level as dependent variable, pretest (b = 

.21, t(89) = 2.49, p = .015) and AvgLiking (b = .49, t(89) = 4.45, p < .01) were significant, while 

Hours approaches significance (b = .15, t(89) = 1.76, p = .081). After dropping the AvgLiking 

predictor, pretest remains a significant contributor (b = .25, t(90) = 2.65, p < .01), Hours 

becomes significant (b = .23, t(90) = 2.50, p = .014), and game difficulty becomes significant (b 

= -.21, t(90) = -2.15, p < .05). As presented above (Figure X), AvgLiking has significant 

correlation with Hours, and pretest scores, which is likely impacting the regression. The 

differences in results for the regression analysis may first suggest that hours of gameplay is 

related how much students like the game and that these two variables have a competing influence 

on level completions in SURGE. Though I will not conduct further analysis here, the importance 

of the interdependence between these three variables is investigated further in the qualitative data 

analysis.  

Discussion 

Revisiting the research questions for this data, particular factors (completing more levels) 

did predict success in SURGE. Higher pretest scores and greater AvgLiking both predicted 

greater level completions and hours playing videogames each week approached significance as a 

predictor of level completions. In other words, players who had higher pretest scores and players 

who rated that they liked the game more and were more likely to play again were those who 

completed more levels in the game. Importantly, because hours of gameplay at home was 

correlated with AvgLiking, the absence of an effect of hours of gameplay may result from the 

relationships between these variables. When AvgLiking was removed, the effect of hours of play 

was significant.  

To determine whether any factors predict learning in SURGE, relationships with posttest 

scores were examined. Pretest predicted posttest scores. In other words, those who scored higher 

on the pretest tended to score higher on the posttest. When controlling for pretest scores, highest 

level completed also predicted posttest scores, and hours approached significance. In other 

words, those who completed more levels in SURGE scored higher on the posttest, and learned 

more overall. Those who play more hours of videogames per week also may have learned more 
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from SURGE, but this may have been influenced by relationships between the students’ prior 

video game experience, their interest in playing, and the levels completed in SURGE. 

An initial research question was whether there are differences in game experience 

between those who start off as knowledgeable about physics and those who do not. Pretest scores 

predicted both levels completed and posttest scores—so, it does appear that those who start off 

with more physics knowledge have a somewhat different experience than those who do not. 

Those with more physics knowledge complete more levels in the game and score higher on the 

posttest, learning more overall. 

Lastly, there appear to be possible differences between those who play more and fewer 

hours of videogames per week. Though the numbers only approached significance, it appears 

that players who play more hours of videogames per week may both complete more levels in 

SURGE and score higher on the posttest overall. Looking at the factors of liking and highest 

level, there seems to be a correlation between the three factors that is influencing significance 

(there was high correlation between hours of videogames played per week, liking SURGE, and 

highest level completed). 

Situating the Case Study Findings 

Considering the above findings, it is apparent that all 97 participants in the study did not 

have the same experience with the game. Some measures of normality are presented here as a 

reference, but there is quite a spread among the typical experience of participants, as indicated by 

the standard deviations noted and the plots in Figure 5. Among all participants, the average 

pretest percentage score was a 33.1 (SD = 18.52). The average posttest score was 55.7 (SD = 

25.45), with the average gain for all participants being 22.5 (SD = 20.60). As shown through a 

paired t test, the gain from pre test to post test was significant; t(96)=-10.77, p = <0.01. The 

average level reached for all participants within the class time of the study was Level 16 (SD = 

6.3), or “Green Mission 3.” To the survey prompt “This game was difficult for me”, the average 

response was a 2.7 (SD = 1.1)—very near a 3 of “neutral” (2 is “agree.”) The average time 

participants reported playing videogames is 4.3 hours per week (SD = 3.6). Importantly, there 

was not simply one characteristic experience with the game and our assessments. Understanding 

the diversity in these trajectories is the stated goal of this study and further illuminated in later 

sections. 

As mentioned previously, 20 case studies were selected among the first students to return 
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consent forms, with the aim to represent students across gender and all class periods, and with a 

goal of collecting complete records of screen capture data. The case study students contributed 

the same quantitative data as all participants, described above, as well as interview data and 

screencapture video and audio of them playing the game each day. The cases are listed below in 

Table A using pseudonyms, with a summary of their quantitative data. The Class column lists 

which class students were in of the four classes we observed. Highest level indicates how far in 

the game the student reached after the five days. For example, Cameron got the furthest out of 

any of the participants, reaching the second to last level in the game (28). Hours indicates how 

many hours each case estimates they play videogames on a weekly basis.  

 

Table A. Case Studies Used For Qualitative Analysis 

Case Gender Class Pre 

Test 

(%) 

Post 

Test 

(%) 

Gain 

(%) 

Highest 

level 

Hours 

Arthur M P6 48 90 42 23 3 to 4 

Brandy F P4 29 52 23 10 3 to 4 

Bryan M P6 14 33 19 11 3 to 4 

Cal M P4 57 90 33 22 5 to 7 

Cameron F P6 29 71 43 28 >10 

Charlie F P4 24 71 48 22 5 to 7 

Daniel M P5 10 43 33 22 3 to 4 

Francis M P5 67 95 28 26 >10 

Hailey F P5 14 62 48 23 1 to 2 

Idina F P2 38 43 5 17 <1 

Jackson M P4 29 76 48 19 3 to 4 

Jaden F P2 43 62 19 22 1 to 2 

Jake M P2 29 71 42 20 3 to 4 

Janie F P5 24 76 52 18 >10 

Kat F P2 62 62 0 17 3 to 4 

Lamia F P5 29 43 14 14 >10 
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Landon M P4 38 62 24 20 8 to 10 

Nathan M P5 43 71 28 22 3 to 4 

Patty F P6 29 24 -5 17 1 to 2 

Steven M P4 71 95 24 25 5 to 7 

 

For the case studies, the average pretest percentage score was a 36.2 (SD = 17.5). The 

average posttest score was 64.8 (SD = 20.4), with the average gain being 28.6 (SD = 16.6). The 

average level reached for the cases within the class time of the study was Level 19 (SD = 4.4), or 

“Green Boss Mission 1.” To the survey prompt “This game was difficult for me”, the average 

response was a 2.9 (SD = 1.0)— a 3 is  “neutral.” The average time cases reported playing 

videogames is 5 hours per week (SD = 3.2). Generally, the case studies appear representative of 

the participant group, with some slight differences. For example, the case studies appeared to 

progress slightly further in the game. Using an ANOVA to test differences between the groups of 

cases vs non cases, there were no significant differences between the groups in pretest or posttest 

scores or hours of videogames played per week. There was a difference between the cases vs non 

cases for highest level achieved in the game; F(1,95)=5.811, p = 0.018. The non cases reached an 

average level of 15.51 (SD = 6.55). The participants overall reached level 16.28 (SD = 6.34), 

while the cases reached level 19.25 (SD = 4.45) on average. The students who were case studies 

got somewhat farther than the game than the average for all participants. 

There were also small differences for case study students on the questionnaire. For the 

case studies, disagreement with the survey question “This game was difficult for me” was 

predicted by hours of games played per week (b = -.46, t(19) = -2.55, p =.025) and agreement 

with Survey Question 3, “I worked hard while playing” (b = .72, t(19) = 2.91, p =.013), while 

controlling for pre and post test scores. So, for the case studies, those who play more games 

tended to rate the game as not difficult, and also tended to claim they “worked hard” while 

playing. Additionally, for the case studies only, pretest scores (b = -.70, t(19) = -3.45, p =.005) 

appear to predict overall gain. In other words, for case studies, those who scored higher on the 

pretest also tended to do better overall, learning more from the game. These are important and 

interesting trends to investigate further within this group through qualitative methods, with the 

goal of better understanding how these events unfolded. These differences might be related to the 

fact that the cases chosen were amongst the first students to turn in their consent forms. It is 
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often the case that students who are academically affiliated are more likely to return forms, so 

the sample is not random and therefore might not be truly representative of the population of all 

students who played the game.    

Lastly, differences in experiences by gender were also investigated with the case study 

participants. These tests were not possible for all participants because gender information was 

not collected for everyone. There was no significant difference for boys and girls regarding most 

factors. There was no significant difference in pretest, posttest, gain, hours, or engagement 

ratings. Posttest scores, however, approached significance (t(18)=-1.89, p = 0.075) with boys 

scoring an average of 16 points higher. This potential difference was not because boys completed 

more levels or played more videogames, although that is commonly the case (Pew, 2015), 

because there was no difference in these factors. Tawfik, He & Vo (2009) found that boys 

improved more in posttest scores when compared with girls. They suspect that this could be 

because boys were more likely to have experience with video games when compared with girls. 

In this study, boys did not report more hours of videogame play compared to girls, but there may 

be differences in the types of games they play or other factors. Interestingly, there was a 

significance difference between boys’ and girls’ average time to complete a trial within a level 

(t(18)=-1.94, p = 0.049) with boys taking an average of about 24 seconds longer than girls to 

place their forces between each lever pull during a level. This was not because girls completed 

more attempts overall, since there was no difference for that factor. The reason that boys took 

longer to place their forces within a level between each attempt is unclear. 
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Chapter Six: Diversity in Player Talk 

Talk, in particular, is a valuable source of data because users of games build particular 

relationships between themselves, the game, and the surrounding context through their language 

(Gee, 2011) Here, the language of these players is investigated for evidence of their experience 

of the game and interactions with the design and context of the activity. Language, either in 

interviews, or spoken spontaneously during game play, is a way to “build things in the world” 

(Gee, 2011, p. 88). During their SURGE game play, these players build relationships between 

themselves and the game through their talk.  

Here I investigate what particular trajectories of experience looked like in interaction 

with the game, in terms of player talk, and contrast them to each other. First I discuss the talk of 

players who (eventually) scored highest on the posttest compared to players who (eventually) 

scored low on the posttest. Just as clear examples of a trend illuminate the qualitative nature of a 

pattern, exceptions to the rule also shed light on the nature of the relationship. Thus, I then 

highlight and contrast the cases of two girls whose experiences diverged quite substantially from 

the norm due to their social interactions around the game, apparent self perceptions, and 

perceptions of the affordances of the game as easy or difficult and actions with these affordances. 

Finally, I present the talk of the “gamers” within the class. Here I illuminate what those 

interactions looked like within game play. Specifically, while investigating participants’ talk, I 

examined: 

o How does the game play experience for students who had high posttest scores and 

high engagement survey ratings differ from others’ experiences? 

o What do cases with low posttest scores and low engagement ratings look like in 

comparison to those experiences? 

o Contrasting two cases, how might self perception and social bids during game 

play contribute to game success and learning?  

o How do “gamers” talk about the game, compared to other participants? 

o What are the strongest affordances of the experience, as visible from participants’ 

talk?  

 

The Talk of Players Who Had High Post Test Scores and High Ratings of Game 

Engagement (Steven, Francis, Cal & Arthur) 
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Steven, Francis, Cal, & Arthur were four of the participants who were chosen as case 

studies. None of them were sitting next to or in close proximity with each other and none were in 

conversation with each other during game play. Steven and Cal were in the same class, but were 

on opposite sides of the room. Francis and Arthur were in two different classes. In other words, 

these boys didn’t share similar experiences because they worked together. 

Previous analysis showed that players who scored high on the posttest also tended to have 

a high pretest, complete more levels of the game, had higher overall gain, and may have played 

more videogames per week. The case study participants who had the highest post test scores also 

agreed game was not difficult for them. In particular, Cal and Arthur (90.5), Steven and Francis 

(95.2) were the only cases who scored above 90% on the final assessment of Newtonian 

mechanics. Likewise, with the exception of Kat—a case discussed below—these four were the 

only cases to score above a 45% on the pretest (scores of 57 for Cal, 48 for Arthur, 67 for 

Francis, and 71 for Steven). With the exception of Hailey, discussed below, they were also the 

only cases who chose "strongly disagree" (Cal) or "disagree" (the others) that the game was 

difficult for them. The same players also tended to rate the game as more enjoyable, something 

they would like to do again, and rated that they worked hard. Given this, there might be 

something more going on than simply high achievement—they tend to display more engaged 

interactions during game play. Below, I investigate some interactions that may have contributed 

to these relationships. 

 Self-perceptions related to games and school. The interactions of these players are 

characterized by very positive self perceptions related to games and school, and a particular kind 

of reaction to challenge—when presented with a particular kind of opportunity, such as a 

complex-looking level, they perceived it as an opportunity to display skill rather than a risk of 

displaying failure. The four players described that playing SURGE seemed more like a game 

than a school task, although they also stated that they were both good at games, and good in 

school. Steven immediately confirmed that he used computers, even at home, and that he felt like 

he “usually” did well on most games, and that he did “really good” in school. In the sections 

below, a comma in the transcript indicates a short pause between ideas expressed in one breath, 

while a period indicates a final pause at the end of a statement. “R” stands for “Researcher” and 

“S” is “Steven.” These interview questions are themselves affordances that may or may not be 
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taken up (some of the questions were dismissed as the affordances of the game appeared to act as 

stronger affordances than my prompting).	  

R: Do you feel you’re pretty good at games, or not so much? 

S: I usually do well on most games. Mostly on PS3 and my iPod. I also have 3DS, but I 

don’t play as much on them. 

R: How do you feel like you do in school? And you can be honest. 

S:  Uh, really good. 

 Similarly to Steven, Cal also showed positive self perceptions related to games and 

school, with immediate responses saying that he does well, or “great,” in each.  

 R: Do you feel like you’re pretty good at games, or not so much? 

 C: I feel like I’m pretty good. 

 R: Do you play games a lot? 

 C: (nods) 

 R: How do you feel you do in school? 

 C: I feel like I do great in school. 

Interestingly, he doesn’t seem to connect the achievement in the game to knowledge about 

“physics and stuff like that.” Cal is both separating what he’s doing from “physics” but also is 

pointing out that the content of the game was totally new to him. Despite the material being new 

to him, it’s possible that his confidence arises from his attunement to previous game he’s played, 

or his success in school—being attuned to seeing an affordance of a challenging task as 

something exciting and an opportunity to prove his skill.  

R: The words and the symbols in this game, has any of it been stuff you’ve seen before? 

C: The force, not as much. Not really. Like the KP and all of that, we haven’t really 

learned much about the physics and stuff like that. 

These participants showed their confidence in both games and school, but they also 

indicated that they saw the activity they were doing as more of a game than a school task. When 

asked, Cal immediately says “game” and reported that “the spaceship” made it more game-like 

and also that “it kind of felt like a pattern.” Steven described it as a game because “the fact that 

it’s on the computer and we’re interacting with stuff.” Francis reported it as more of a game 

because “The whole presentation. It’s not a book. It’s not telling you to do XXX….” These 

players seeing the task as a game, and feeling confident in games, may have something to do 
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with their success. Notably, only Francis rated himself as playing >10 hours of videogames per 

week—the other three boys play between 3 to 7 hours per week, but they all do play videogames 

on a regular basis. 

 Perception of complex affordances (dismissing difficulty).  As a different 

manifestation of their self perceptions, these four players also dismiss the difficulty of learning 

how to play SURGE. They seem to not perceive complex affordances as difficult. Rather, they 

take up the opportunity to exercise their perceived skill. I asked Steven questions about his 

decisions during game play, but he had trouble figuring out how to explain his method of playing. 

He seemed to explain that he just focuses, and gets past it. The outward intensity of his attention 

to and drive for game play matched this self description. With “I’m not sure how to answer that,” 

he didn’t go into details, but rather wanted to get a past the question and continue playing.  

R: What choices do you have to make in each level?  

S: Well, really, it’s just, you know, you’ve just gotta get past it. I’m not sure how to 

answer that. 

 Francis typically spends a lot of time playing videogames. During the week of the study, 

he acted as a social support for other players. He both outwardly exclaimed as he reached the 

higher levels and alongside those announcements, boasted aloud how easy the game is for him.  

 F: Ooh, this is a BOSS level. This is EASY. 

In this statement, he emphasized that the level is a boss level—which sounds like something that 

should be difficult, and that he finds it very easy. Francis also expressed his confidence about his 

performance on the pretest. 

 F: This is so SIMPLE. I think I got all of it right, like, on the test. 

As he and his table members continued playing, another player at his table expressed that she’s 

tried all the numbers for a level, Francis responded: 

F: Why do you keep trying numbers? Just learn the crap. You just gotta learn what you 

gotta learn. 

Francis’ urging of “Just learn the crap” takes for granted any difficulty his co-player may have in 

understanding the patterns within the game—as to him, they seem straightforward. It is a very 

similar attitude and sentiment to Steven’s. 

 Of the four cases here, three tended to play while staying relatively isolated. Those cases 

who were more independent felt there was only one solution possible for each level. Steven also 
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said he must focus individually to figure it out.  

R: Do you think in each level, there’s more than one way to solve it or is there one 

correct way to solve it? 

S: Nah there’s just one way to solve it. 

R: How can you tell? 

S: Well, there’s designated fuzzy pick up stops. And certain switches and certain places 

where you launch. And it’s just, I mean, you know, ya gotta do things a certain way. So 

there’s only one way. 

Saying “You know, ya gotta do things a certain way” seems to dismiss both the multitude of 

options of interacting with the game, and the possibility someone might have difficulty in seeing 

the “certain” way of interacting with the game that Steven is experiencing. I continue by asking 

if he’s played with someone else, or by himself, and about whether he’s helped anyone. 

R: Have you been mostly just playing by yourself, or have you been, like, helping other 

people as you go? 

S: Nah I’ve really only been doing this by myself, really, so. It’s hard when you get 

higher up and you need to focus as much as possible, so.  

He noted that it is easier to play alone, especially in the higher, tougher levels. These players had 

a strong reliance on themselves, and confidence in their individual performance and ability, 

playing alone so that they can “focus” and figure it out by themselves. 

 Positioning. The case studies highlighted here appear to take a critical stance, creating 

separation from the game in relation to themselves. They tended to position the game as beneath 

them in a couple different ways, saying things like “This is an insult to my intelligence!” This is 

not to indicate a malicious attitude from the players—their intensity and drive seemed to 

manifest in the form of impatience and a confident appraisal of their performance. Each of the 

four cases created this type of positioning in some way—the talk of Steven and Arthur are 

presented below. 

At the start of a conversation with Steven on the second full day of game play, I ask an 

intentionally open question of “Tell me about the game so far.” Steven seemed to interpret this 

question as asking for his opinion on the game’s quality, and he situated himself with a critical, 

or skeptical, tone in giving feedback on the game. In this way, he stepped into a role that is not 

child-like at all, but that of an informed expert. He then positioned himself as separate from the 
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regular person in displaying projection of others’ potential perceptions of the game—he is not 

egocentric, or unable to imagine the perspective of other users, but rather imagined and 

speculated on others’ potential perceptions of the experience he is currently having. The segment 

of the conversation below occurred on only the second day of the study (of five days)—but he 

was at Green Mission 1 at that point, which is rather advanced and near the end of the overall 

game experience.  

R: Could you tell me about the game so far? 

S: It’s pretty good, but uh, I think it will help people, like, not recognize that it’s actually 

physics. Because usually it will say ‘PHYSICS GAME’, or something, and people won’t 

try it, because they know it’s going to be something where they have to learn. 

Here Steven communicated his perception of what counts as physics as something that people 

need to be convinced to enter into, and something that will require the uncomfortable experience 

of learning. Later, I asked Steven about the designers’ intentions for the game.  

R: If you had to guess, what do you think the designers were hoping to do with this game, 

what were they trying to do? 

S: Well, teach kids what physics really is about, and, well, not much besides that, and, 

you know, have fun doin’ it, or try to. 

In this response, Steven used the phrase “what physics really is about” while stepping into the 

role of teacher or designer. In this way, he projects the experience from an expert’s perspective 

and talks about the content of the game in the frame of an expert. He chose the somewhat 

diminutive term of “kids”, potentially denoting a population separate from himself.  

 Similarly, as Arthur begins the Yellow Warp mission, during day three of game play, he 

reacted to its simplicity. Because warp levels are intended to be review, they’re easy, and 

resemble previous levels players have completed.  

 A: This is an insult to my intelligence. You go 20 here, and then here you go 20. Simple. 

By declaring, “This is an insult to my intelligence,” Arthur positioned himself as critical of or 

separate from the game, similar to the previous cases of Steven and Cal, who took a critical 

stance toward the game experience. 

Attunement to weak affordances. Earlier, I described how Francis was able to think of 

multiple ways of solving a level, which is a rare thing among participants. This is one example of 

Francis being attuned to weak affordances of the game. Other examples are also present among 
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the four cases discussed here. For example, Arthur asked if there’s any way to play this game in 

the future. Requesting more interaction with the game is one affordance that is entirely 

possible—we are in the room at all times—but most participants do not act upon that affordance. 

After asking Steven about why he imagines the game was designed, to play on this positioning, I 

continued to ask him questions from a designer’s perspective.  

R: Are there any design choices you might change if you were the designer? 

S: Well, you know, there’s sometimes it’s talking about lasers, and well, I started doing 

the yellow missions, and I still haven’t seen lasers at all. Yeah. 

For a third time, he seemed to notice a weak affordance of the game, asking where the lasers are. 

In the design of the game, the “lasers” training video appears after “Yellow Warp” in the 

missions, while, due to some removal and addition of various levels, lasers don’t appear within 

the trajectory until “Purple Boss 2”, a few missions later.  

Arthur seemed to be aware of his own progress, and what level he is on at any given 

time—showing attunement to those weaker affordances of the interaction. He stopped to ask me 

why it says “The End” at the end of the green missions, as there are planets after green. At that 

point, he also noted “I think I made it to yellow. Yeah, I’m so good.” After this utterance, as I 

walked by, he checked with me to confirm his suspicion, saying, “The warp levels are like…. A 

rerun of what you’ve already done?” I told him, “Right.” Arthur continued to build a particular 

relationship between himself and the game in the intricacies of the game that he noticed. 

Noticing lasers, “The End” at the end of the green levels, and checking in about the function of 

warp levels, are all actions during game play that are not required, or very common among 

players. The evidence of some players taking these actions is actually really important when 

considering a design—this indicates two possible findings. It appears that these players were 

doing work to actively figure out how the game works and find all possible actions they could 

take within the game. They were searching the screen for additional functions. These affordances 

are weak because nearly all players didn’t do these things. Arthur was more attuned to these 

things. They didn’t act as affordances, or opportunities for action, for nearly every other player. 

An alternative explanation would be that the affordances of the design weren’t strong enough—if 

we felt lasers were important to notice, we could do more to point them out, or we could offer 

opportunities to play the game outside the classroom as part of a discussion with all players (and 

sometimes we do this).  
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 Theories and patterns. Some of our case studies reported that they figured out a pattern 

or developed a theory about the game either in the pretest questions, or over the course of game 

play, which indicates they became attuned to the underlying game dynamics and perceived a 

pattern. The game allows users to interact with physics concepts without explicit instruction of 

formal theories—it is designed to promote a kind of implicit understanding of physics dynamics 

through play. However, these four players were able to articulate an explanation of what forces 

they were choosing during play to propel their ship appropriately. When asked for the “rule” or 

“pattern” of the game, some of the cases we talked with were able to give one (e.g. “Just times it 

by ten”). Two of these highly successful cases, in particular, were able to share a lot of detail of 

their discovered theory or pattern. 

For example, on the second day of game play, Steven described having a theory that he 

developed during the pretest, which he used while playing the game. Asking whether anything in 

the game was familiar to him from previous experience, he explains a theory he had on the 

pretest about the patterns in the numbers—and notes that he was “apparently right.”  

R: Were there any, like, the words and symbols in this game, things you’ve seen before? 

Or was it all totally new to you? 

S: Well, on the test I saw all this. 

R: Right, on the test. Anything before the test? 

S: No. 

R: Ok. 

S: But, I had a theory during the test, about what was what, and I apparently was correct, 

so. 

R: So what is your theory, or your goal, that you figured out about the game? 

S: So, for force to be exerted, you need ten times that. Because it’s only one kilogram, 

you need to go two meters per second, so you need to go 20 Newtons that way. And 

apparently I was right, so. 

He explained his theory that he initially guessed that there was a relationship between the force 

required and the speed—that you would need 10 times the force for the speed desired—so 20 

Newtons to go two meters per second. Steven’s theory is functional for objects of one kg, as he 

also explained.  

 Similar to Steven, Cal saw patterns within the game as well, also on the second day of 
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play, describing, "It's like a pattern, when you know the number, you know what comes next."  

Interestingly, Cal disagreed that the game was difficult but also disagreed that he worked hard 

and that he would play again. The others who scored highly on the posttest agreed that the game 

was difficult but also agreed that they worked hard and that they would play again (choosing 

either “agree or strongly agree”). Cal initially described his logic as he talked through a level he 

was playing. An image of the level he is playing is below in Figure 6. 

 

 
Figure 6. Image of Red Boss Mission 2 

 

R: So tell me about the game so far. Pretend I’ve never played before. 

C: You drag these force things here and choose the amount of force, and so, it’s THAT 

(cursor points to the speed gate) times 10, you have to be going that. So that would be 40. 

I go in there and click 40, and you choose the direction. 

R: What about that second one? What about B? Does that follow the same rule? 

  C: No. 

 R: Why not? 

 C: Because that’s less the amount that you’re going, so you’d do 20 to cut it in half, to 

make it 10. So, you do it facing that way (indicates left), to subtract 2 from 4 to get 2. 

And this one (indicates point C) will boost it up by 3, because it’s 2. This one (indicates 

point D) you’d have to do 2, because it’s going 5, it has to go 3 so you’d do 2 facing that 

way (indicates left). 

Cal was explaining the pattern above, relating the game choices to addition and subtraction. Any 

time he has to slow down his ship (between the first and second gate) he “subtracts” a force. To 

push the ship faster, he added the force. In this way, he “subtracts” the force by placing it in the 
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opposite direction the ship is going—placing it going to the left. I asked a question following this 

exchange, and Cal further described how the game feels like a “pattern.” 

R: What you were doing yesterday and today, do you think it felt more like doing school 

or more like a game? 

 C: A game. 

 R: Why? What about it seemed more like a game? 

C: Um like the spaceship, it felt, ‘cause it kind of felt like a pattern. That’s what it kind of 

feels like. It’s like a pattern, when you know the number, you know what comes next. 

Cal noted that the “pattern” nature of the task made the experience feel more like a game than an 

academic activity—as many games have similar puzzles to unlock to succeed in beating a level. 

 Discussion. The game play experiences for these four players who had high posttest 

scores and high engagement portray a particular profile. They express their positive self 

perceptions in a nonchalant manner, positioning themselves as competent and smart players. 

Their challenge seeking behaviors and persistence in response to difficult levels are evidence of 

their engagement in the task. Their behavior and responses are marked with intensity, focus, and 

single-mindedness; brushing aside explanation of how they do it, essentially saying any player 

would just need to focus and figure it out. Each builds a critical stance toward the game or the 

technology itself. These players appeared to be attuned to weaker affordances of the game, such 

as fuzzy switches, lasers, and adding waypoints, and in addition, saw particular patterns within 

the game or developed a theory about how to play.  

 It is interesting to point out that these players who started off with more physics 

attunement before the SURGE experience (they had some of the highest scores on the pretest) 

showed better attunement on the posttest. On one hand, this isn’t surprising, since those who 

started off higher would have “boosted” scores to start off. However, for all participants, pretest 

scores didn’t seem to impact gain—participants gained independent of their pretest scores. Given 

this, and the importance of engagement ratings of enjoyment and difficulty, it may also be the 

case that starting off with better attunement to physics-related dynamics contributed to these 

players’ success and attunement during their play. Motivation studies have found that children 

with initially high levels of efficacy are likely to express their enjoyment and interest in learning 

activities, and are more engaged than those who doubt their abilities (Pintrich, 2003; Skinner et 

al., 2008). These findings suggest that, in terms of the interactions observed, a player who 
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becomes well-attuned to the initial affordances of game play may become less frustrated as the 

experience continues, and may become more attuned to other affordances of the space more 

easily than those who lack the base attunement. The players’ self perceptions and drive appeared 

to be contributing factors in their success.  

Understanding Less Successful Experiences With The Game (Patty, Bryan, & Lamia) 

Patty, Bryan, & Lamia are three of the case study students who were chosen by the same 

process as the higher performing students, but had a very different experience. Patty and Bryan 

were in the same class, but sat on opposite ends of the room (one in the front left corner and the 

other in the back right). They did not talk to each other during the experience. Lamia was in a 

different class than the other two. These three shared a similar set of experiences, but not because 

they were sitting next to each other or talked to each other while playing SURGE. 

To contrast the experiences presented above, these three cases had a less successful 

experience, and rated the game as difficult for them. The cases of Patty (24%), Bryan (33%), and 

Lamia (43%) were the only cases to score below 50% on the final assessment and rate that they 

“Agreed” the game was difficult. They present experiences which contrast with the four boys 

presented above. Patty and Bryan were not big gamers, but Lamia was a self professed gamer in 

conversation with researchers, and also rated that she plays over 10 hours of videogames per 

week. She became visibly frustrated over the course of her experience, however. Bryan appeared 

to have slower progress than others in each level, and overall. Patty outwardly appeared to 

understand the game, yet her conversations illuminate a particular lack of confidence and 

persistence that may have influenced her game play experience. Patty and Lamia are also in the 

four lowest gain of all case studies—in fact, Patty was the only case study participant to display 

negative gain on the assessments.  

 Perception of the task as academic. While these three tend to say the task is “both” a 

game and school, they are able to point out specific aspects of the task that are more school-like. 

Further, the talk of Patty, Bryan, and Lamia show preoccupation with the academic nature of the 

task, as well as evaluating their scores as a grade. Patty frequently refers to the scores at the end 

of levels as “grades”, and stops her play, pausing at the score screen until our project manager 

passes so that she can ask questions like “Is a 77 considered good?” Importantly, all three of 

these cases also express their lack of confidence in the task through their talk. This could be the 

reverse side of the relationship noted in the higher performing cases; here, parallel to the higher 
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performing cases feeling confidence and rating the task as more of a game, the perception of the 

academic nature of the task, and a lack of confidence in their ability, might be an important 

relationship. On Day 2, when asked whether the task feels like a game or school, Patty reports 

that at first it felt like a game but now feels like school, because of the questions at the end of the 

levels: 

P: It feels more like playing a game, because it didn't help me that much, knowing how to 

do it. The answers were kind of hard, because I didn't understand the game at first. Now 

that I get it, I think it's more like school. 

Following her description, when I ask about whether she feels she’s good at games and school, 

she responded tentatively to both.   

 R: Do you feel like you’re pretty good at school, or not so much? 

P: Pretty good, but because I'm new here, I haven't really… (stops talking) 

R: Do you feel like you’re good at games? Or just ok? 

P: Just ok. I'm not like professional, but… (stops talking) 

At the end of Day 2, after completing the Red Warp, she called the score a “grade.” At the end of 

each level, the Surge character says “Yeah, I’m so good.” She repeated his words, saying “Yeah, 

I’m so good, that I want to see my grade that is so good.” Patty consistently labels the game 

scores “grades”, later saying, ”If I get a bad grade, I’m going to get so mad.” In the middle of 

Day 3, Patty says she wishes she could be “taught” the material. 

P: Can they just teach it to us rather than play this game? Because I don’t understand one 

thing. And getting us frustrated more than getting learned. 

Here, she expresses her discomfort at learning through interaction with the game. She also 

contrasts what she’s doing to being “taught.” The last day, Day 5—Patty stops our project 

manager after she mentions that post test will be at the end of class.  

P: I have a question. What if you get the whole test wrong? Is it a grade? 

Patty showed her lack of confidence—assuming she might get the entire test wrong. She also 

aligned her game play performance with her grades during the experience, and here she 

confirmed that her posttest performance is not connected to her grade for the STEM class.  

Similar to Patty, Bryan frequently asks his peers whether his score is “considered good.” 

When asked whether he feels the task is more like a game or school, he explains: 

B: For me, it kind of feels like a mixture of both. It's a game, but it's sort of like school, in 
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that you have to figure it out. And also because of the speed and such, it sort of ties into 

science. So to me it's kind of a mixture. It's like science class in the form of a game. 

Bryan connects this experience with doing school, reporting that the requirement of having to 

“figure it out,” or think carefully, makes the task feel less like a game. Likewise, Lamia notes 

that, unlike most games she plays, in SURGE she can’t use cheats. She reports that this is the 

quality that makes it feel more like school as she brings up her academic grades. On Day 3, when 

I ask how she can tell if she’s doing well in the game, she responds:  

L: If I keep failing. Cause now that I’m in 7th grade, I can’t fail a single class. 

Her immediate response is about the game—she is referring to failing levels in the game. 

However, she immediately connects failure in the game to academic success. On Day 4, she 

begins calling herself “stupid” for making mistakes as she interacts with the level. 

L: What happened? I just went backwards for some reason. Oh I’m stupid. 

It appears that she had the starting force pointing backwards, and she changes it immediately 

after seeing her ship bounce backwards. On the next trial, the ship stops on the point she wanted, 

but then takes off backwards.  

L: What just happened again? I feel so stupid I feel like. 

Also on Day 4, when asked how she would improve the game as a designer, Lamia contrasts 

learning and non learning games and points out the quiz-nature of the game. 

L: I’d make, when you complete a level, there’d be a non learning game, so somebody 

would look forward to completing it. 

When I ask what about it tells indicates it’s a learning game, she immediately responds: 

L: The questions it tells you at the end of the level. The QUIZ questions. 

She connected the game actions to academic tasks again—using the word “quiz.” As I continued 

to ask for more reasons she sees it as a learning game, she described how it is not voluntary and 

cheats cannot be used. Her friend suggested that playing the game is not a choice, and Lamia 

agreed. 

L: Yes, because school doesn’t let us play any for real games. Plus, if I’m at home, and I 

can’t pass a level, of ANYTHING, videogames or any game in particular, Google is 

always helpful. Google. Type in the game, and cheat, and done. 

She contrasted what she’s doing to “for real games” that wouldn’t be allowed in school—

particularly simulation or violent games. She’s reported playing Sims and “killing games” in 
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conversation with researchers. So, for this gamer, who has a lot of strategies for getting through 

games on her own terms, this game was very saliently a “learning game.” She also had some 

informal conversation about grades and demarcation of “geek,” “nerd,” and “dork” categories 

with her friends while playing. They even began to make a chart indicating the differences in 

these groups. In the conversation, Lamia put herself into the category of “geek,” in part because 

she believes she isn’t good at school and likes “Sci-fi.” 

Lack of attunement to game dynamics. Another trend visible within these cases is their 

lack of understanding of how particular game dynamics in SURGE work—or a lack of 

attunement to what impacts particular game constructs. For example, all three of these cases 

expressed a lack of knowledge of what impacts their warp scores, seemingly trying random 

combinations of forces many times during these levels. In fact, pulling the lever more than once 

is one factor that makes warp scores go down. The warp score is determined by how many times 

the player pulls the level before getting it right, and also whether they get the question at the end 

of the level right. Each score is averaged with the previous score. Because of this, players need to 

complete a level accurately at least three times to work up to a score of “80” to move on. This 

information is something explained in little blurbs on the side of the screen, and verbally by the 

researchers as whole class announcements or individually if asked. For example, Patty, on Day 2 

of gameplay, didn’t seem to understand what’s causing her score.  

P: Isn’t this so weird? First I get a 77, then 76, then 69. Try again.  

Later that day, she noted that her score should have gone up because she was trying hard—

attributing the determination of the score to her judgment of her effort (not necessarily the case) 

P: I got it right, and then it gives me 70, just because I was trying SO HARD. 

The following day, she still displayed confusion. 

P: I got it all right. I got the question right. There is no reason (for her to have a 33). 

Patty claimed there’s no reason for her to have a score of 33 at this point. It’s true that she did 

have everything right for her final attempt, but she hit the lever a lot of times during that trial, 

which decreased her score. Bryan seemed to display the same lack of understanding, and asked 

friends multiple times what impacts his warp score—he didn’t get an answer. On Day 3, for 

example, he reacted with  “My warp rating only went up by one? What?” The next day, he asked 

a friend “Hey, how does it determine your warp score?” The friend doesn’t answer, but instead 

told him how to place forces in the level. He repeated “Do you know how it bases the warp 
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scores?” but his friend just placed a few of the forces for him. He never got an answer. The lack 

of attunement to what impacts a warp score seems to add to the frustrated reaction to the warp 

levels—players get visibly upset after trying the levels many times. For example, when Lamia 

didn’t appear to understand contributors to the warp score, she exclaims: 

L: WHAT? How did my warp level go down? I didn’t think that was possible for your 

warp level to actually go down. (Her friend agrees that they don’t think it’s possible) It 

did. I had 79. 70 (saying the score currently on the screen). 

She wasn’t sure how her score went from 79—one point away from passing the warp level—

down to a 70. Actually, the warp score is averaged each time with the previous score, so it can 

decrease slowly, as it did that time. 

Another common lack of attunement for these players appears to be understanding how 

to use a force in the opposite direction of motion to stop and pick up a fuzzy. This lack of 

attunement is also apparent when these players try to turn corners. More explanation of these 

interactions are discussed in Chapter 7, along with common gaming scripts of SURGE—

understanding some basic structure of how to place forces to pick up a fuzzy, or turn a corner—

knowing the number and general placement of what is needed—without the conceptual 

understanding of why those things work. In other words, for some players, there is a lack of 

attunement to what the forces and ‘pickups’ placed actually afford. For example, they recognize 

that turning a corner requires two forces at once, but not the proper magnitude of direction of that 

combination of forces. 

Perception of lack of progress (comparison). Comparing progress appears to be a 

strong affordance—common to most participants. The influence of comparison among 

participants may differ. For the high-performing cases, comparison might have helped drive the 

participants to complete more levels. However, for participants who had a less successful 

experience with the game, it may have contributed to students’ perception they were behind their 

classmates. For example, Patty expressed “I don’t know what’s wrong with me, not knowing 

how to play this game.“ Similar to this finding, Bell & Kozlowski (2002) claim that when 

students’ tend to compare their progress to others’—there are positive outcomes for those with 

high self efficacy, but the practice negatively impacts those with low self efficacy. In other 

terms, those who have high self perceptions to begin with benefit from seeing their progress 

relative to others, while those who already have low perceptions of their own capabilities may 
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become more attuned to their lack of progress by comparing. Patty, for example, on Day 2 of the 

study—the first full day of game play—stopped at the scoring screen for a few minutes after she 

completed each a level. She waited until our project manager passed her to ask “Is a 77 good?” 

On the same day, she stopped our project manager again to ask about her score before moving on 

to the next level 

P: Ugh, wrong answer. Is this a good grade? 

She seemed both preoccupied with her standing compared to others, as well as connecting the 

score she receives in the game to academic success—referring to it as a “grade.” Even from Day 

2, Patty was attuned to others’ progress in relation to her own, pointing out others’ progress to 

her friend. 

P: Everybody’s like, already past us. 

Bryan also compared his game progress and score frequently with others—even complimenting 

their skill and progress ahead of him. Chatting with his friends who are on the Blue missions, he 

said:  

B: I’m on Red mission 3. I guess I’m pretty far away. 

Despite seeing that he is far behind others, the tone of his voice and his reaction to game events 

throughout conversation seemed lighthearted.  

B: Wait, [friend’s name], which mission are you on? (friend is on Blue Boss) Wow. 

That’s a high mission. 

After this, he seemed to be a little frustrated and signed out, since it was close to the end of the 

day. The following day, as he began playing, he brought up his progress to a friend: 

B: Am I very far? I’m on warp mission number 9. I feel like I’m behind. 

His perception of his lack of progress is shown in “I feel like I’m behind.” On Day 4, as his 

friend helped him on a level, he compared progress again: 

B: Wait, what level are you on? (his friends are on Green Warp and Yellow Boss) Aww 

I’m still on Blue Mission 2. Is that considered very far? Although it’s really hard. 

As he compared progress, he saw that he’s not as far as his peers, and he voiced the difficulty he 

was experiencing, though he frequently told his peers they were doing well. After a friend helped 

him solve a level he said: 

B: How are you so good at this game? Wait, which one of THESE are you on? (cursors 

over the other asteroids on the Starmap, and his friend shows him he’s on Green Boss 2) 
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Wow. Wowee. Quite a ways ahead. 

Bryan’s friend then asked if he thinks he can do the next one on his own. Bryan responded with 

only “Maybe.” Bryan appeared to not perceive his own ability as very competent. He may have 

become more attuned to the differences in progress as he compared with his peers. Seeing his 

friend as a helpful scaffold, he appeared to request help more toward the end of the week.  

Perceiving procedural affordances. These three participants also asked for and received 

mostly procedural help. It’s possible this indicates that they tended to see mostly procedural 

affordances of the game as opportunities for action. For example, when Patty asked for help, her 

friend often reached over to do the forces for her. In this way, the help is about procedural 

affordances of the game. Something more conceptual might be asking “explain to me how to 

turn.” In fact, though educational games are interactive by nature, and places where learning 

through failure is a requirement, Patty seemed to desire a lesson that was more straightforward 

and didactic. On Day 3, she expressed her frustration. 

P: Can they just teach it to us rather than play this game? Because I don’t understand one 

thing. And getting us frustrated more than getting learned. 

She expressed that she wanted us to “teach” her rather than play the game—to tell her the 

physics formulas that the game is allowing her to interact with. Bryan often asked for help from 

friends, who walked over to place forces for him—they usually explained what they were doing 

so he could follow along, but he didn’t seem to pick up on the conceptual reasoning behind how 

to solve each level as he watched them. This isn’t surprising—if a level is done for them, and a 

player watches the procedural act of placing forces, there’s no reason for them to struggle with 

the concepts, the consequences of game actions, and become attuned to the dynamics of the 

game. For example, Arthur was sitting near Bryan, and he helped out on Day 3, but offered 

procedural help.  

B: This says I’ve done it 87 times, but I’ve been doing this for two days. 

A: Ok, what have you been doing? Show me what you’ve been doing. 

B: Well, I’ve been trying to change the speeds. 

A: Seriously, watch. Watch. All you have to do, you put a force in, put 20, click up, then 

here, you click this, put a force in, down, for 10, pull the switch, slow yourself down. 

On the following level, after a few tries, he again compared progress and asked for help from 

Arthur.  
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B: Wait, what level are you on? I just passed one. I tried every single direction, but it just 

won’t work. Straight, left, down.   

A: Wait, watch. Watch. 

Arthur saw Bryan’s trouble with the level, but rather than explaining concepts within the game, 

or affordances of the different forces, he chose to model the level by placing the forces for him 

and telling him to “watch.” Bryan did not ask for more conceptual help, and it’s possible Arthur 

doesn’t know how to offer conceptual help. It’s also possible that both boys see the action 

required as a procedural affordance. Lamia didn’t often ask for help, but her friend often jumped 

in to take over her laptop—almost silently, he placed the forces for her. For example, on Day 3, 

walking by, he explained that he needed to help her because she was doing it wrong, and said he 

would freak out if she continued what she was doing. In these interactions, there was not much 

verbal response from Lamia—the forces were placed quickly and there was some 

acknowledgement that the level was completed before her friend walked away. However, she 

also didn’t ask for conceptual explanations, only procedural help placing forces. As she became 

more frustrated, she asked for help, but here “help” appears to mean her friend placing forces for 

her, given the interactions up to that point. 

L: Can you help me please? Before I get mad and flip all these tables. 

Perception of and avoidance of challenging levels. It is apparent from many players, 

and these three in particular, that the warp levels evoke and afford frustration. I want to highlight 

how this frustration may potentially impact the game experience and learning that occurs as a 

part of the experience. From the second day of game play—the first full day of play—Patty 

outright avoided parts of the game that appeared difficult, saying “This is so hard.” After a friend 

did that level for her, she expressed her aversion to the next level because it required a new skill. 

P: I don’t want to do this one, because I have to learn how to turn. 

From the first day, she said that she didn’t want to complete a level that requires learning a new 

skill in the game—turning. She reacted to failure, or decreases in her score with “Whatever” 

frequently, closing out of the level for a minute or two. Toward the end of this second day of 

play, she already had a strong reaction to the game, expressing her apathy and frustration, 

repeating quietly: 

P: I don’t know what’s wrong with me, not knowing how to play this game. 

On Day 3, Patty’s emotional reaction to the game grew. After completing only a few levels, she 
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described the game. 

P: It’s BORING, it’s HARD, it’s COMPLICATED.  

A few minutes later, she appeared ready to give up. 

P: Ok, I’m done. Like, DONE. It’s SO frustrating. Like, look. (her ship blows up on the 

screen)  

Later the same day, Patty told her friend that she was very lucky to be on a previous (lower) 

simpler level. 

P: You’re so lucky you’re on that slowest level, because when you’re on this level (Blue 

2), you’re going to get more distressed. 

Patty perceived the later, more challenging, level she was on as an opportunity to become 

distressed, and persisted in that attunement when she saw something that, to her, looked difficult. 

P: Whateveeer. You know, there’s a quote that’s gonna stick in my mind always about 

this game. Life is too hard. That’s all I can say. 

She was clearly frustrated with the game, but there is evidence that she was also uncomfortable 

generally with the exploration inherent in game based learning, as opposed to more direct 

didactic instruction.  

P: Can they just teach it to us rather than play this game? Because I don’t understand one 

thing, and getting us frustrated more than getting learned. 

Bryan showed similar frustration, particularly aimed at the warp levels. The warp levels appear 

to evoke frustration, or at the very least, afford opportunities for persistence that are often taken 

up, or not (in these cases). From the first day, Bryan expressed that the game is difficult for him:  

B: This game is really hard. The red missions are really hard. 

The red missions are the first, introductory, missions to the game. They are intended to be easily 

accessible for new players. The red warp mission assesses skills learned in the red missions. 

However, for Bryan, they were still difficult to complete. Bryan expressed his frustration and 

exhaustion with the warp: 

B: I’m getting really tired of the red warp 3, or 2, or red warp mission one. I’ve done this 

87 times? (to friend) Are you enjoying this game? For me, I’m getting sort of tired of it, 

because of the scoring. 

Bryan indicated that he’s getting tired, but also elaborated that the scoring was the source of his 

frustration. The following day, he attempts again to reach a score of “80” in the Red Warp level, 
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noting the amount of time he’s been trying so far, as he asks a friend for assistance: 

B: This says I’ve done it 87 times, but I’ve been doing this for two days. 

When he played on Day 4, he reached the Blue Warp level, and immediately reacted once seeing 

that it is a “warp” mission—which requires multiple attempts to get a score of 80 or above. 

B: NOoooo, not another warp mission. 

When he completed the level successfully, but got the question wrong, he reacted quietly.  

B: No…. Man… Aww man… Aww man, this is so upsetting. He helped me get passed 

the level, and now I have to do it all over again. I’m on the warp mission, are you? (his 

friend reports that he is on yellow warp) Sometimes this game is really upsetting, don’t 

you think? (his friend disagrees) You don’t think so? Sometimes it gets on my nerves. 

His friend brushed off the comment, disagreeing, because he was not having trouble. Pointing 

out that he needed help to complete the mission, and must start over again, Bryan appeared to 

feel like he could not complete the level on his own, or that he felt defeated needed to start over. 

After another attempt, his voice was very distressed. 

B: Awwww, I didn’t pass it. I hate the warp missions. I just hate the warp missions. That 

is so upsetting. (to friend) Do you like the warp missions? I don’t either. I can’t stand the 

warp missions. 

Lamia showed similar frustration, but in the form of shutting down and becoming silent. She also 

emphasized that at home when she plays games, she can quit, or Google cheats for the game 

she’s playing. In the SURGE game, Googling cheats isn’t an option (the internet is disabled on 

the student laptops, and there wouldn’t be any cheats available), so she occasionally said that she 

was going to quit, saying  “I’m DONE”, yet after a moment, continued playing. As a Warp level 

came onto her screen, it looked different from what she’d done up to that point. She reacted with 

“What’s this? I’m scared, I’m going to help her now.” She turned to help her friend, taking 

advantage of her expressed strategy of “quitting”, at least temporarily, to avoid feeling 

overwhelmed. After receiving a low warp score, and seeming to give up, she brought up the 

strategy she reported using in games at home—quitting. She absolutely accepted quitting as a 

valid strategy in gaming—applying her interactions from “real games” to the “learning game” 

she was interacting with.  

L: I’m going to do with every game I don’t like, quit. Hey, there ain’t nothing wrong with 

quittin’! 
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Discussion. In contrast to the higher (eventual) posttest scoring players, who picked out 

the game-like elements of SURGE, these three lower posttest scoring players considered the 

game more of an academic task. Interestingly, and in contrast to the higher posttest scorers, they 

even showed frustration with the game-like aspects of the instruction—one case expressing an 

urge to just “be taught” the material directly rather than playing with an interactive interface. 

Lamia even expressed her desire to use cheats or give up—both things she could do in “real 

games.” The “cheats” or hints scaffolds that Lamia desired sometimes make players reliant upon 

them, and less able to engage in problem solving behaviors or able to conceptually understand 

why or how their choices work to accomplish the goals of the game (Sun, Wang, & Chan, 2011). 

They showed a great lack of attunement to game dynamics—not understanding how to combine 

forces to propel their ship in the direction required, but also lacking an understanding of where to 

place forces, or how to place a fuzzy pickup appropriately. Differently, the higher performers 

didn’t appear to have trouble with the technical aspects of game play. Nearly all players, in both 

groups, compare their progress in some way, yet comparing progress appears to act differently 

for players who were further behind—they seemed to perceive their lack of progress. Potentially 

as a result of comparison, they also talked about their lack of progress instead of game 

affordances and mechanics. 

The reason these players scored lower on the posttest may be due to their interactions 

with the game expressed above, or their lack of progress within the game itself—Patty, Bryan, 

and Lamia got to levels 16, 11, and 14, respectively, while the average highest level completed 

for the case studies was 19. The potential reasons that these cases did not get through more levels 

are visible in their talk—they became very overwhelmed and frustrated by not being attuned to 

the affordances of the game, and they later rated that they didn’t enjoy the experience. 

Self Perception, Persistence, and Social Scaffolds Impacting the Game Experience (Hailey 

vs. Kat) 

This section juxtaposes two cases that had very different trajectories: one student started 

with a low pretest and ended with one of the highest gain scores in the class, and the second with 

a fairly high pretest gaining zero. They had the same posttest score (61.9). These cases provide 

an interesting contrast to investigate the relationships between game play, context, and learning. 

The nature of their talk around the game provides evidence of why the two girls diverged in such 

a way. I investigate this difference through the girls’ initial perceptions of the game, strategies 
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developed during interaction with the game, and the outcome of those strategies—how the girls’ 

perceptions of and actions with the design itself created the interactions that resulted as a joint 

accomplishment between player and game. 

The two girls were in different classes. They did not have interaction with each other 

during the time we were in the classroom. They were both at tables with classmates who they 

appeared to know—they talked to their seatmates throughout the experience, and their social 

interactions are one aspect of their experiences highlighted below.  

Initial perceptions. Hailey followed the same trends of self perception as described 

above for the four boys who scored highest on the post test—she claimed the game was not 

difficult for her, and that she enjoyed playing and would play again—yet, she also acted as an 

exception to many trends that were observed overall. She had one of the lowest pretest scores (of 

the 3 cases under 20%, she had a 14.3%) but also the second highest gain of all the cases (3 cases 

had a gain of 47.6%, she was one of them). Despite having a low pretest score, she “disagreed” 

that the game was difficult for her and “agreed” that she would like to play again. As such, she 

represents the ideal case—the student who starts off with little physics understanding but has a 

large learning gain after the game and reports that she enjoyed the experience. The question 

investigated here is where the gain came from. Here, I investigate how her belief about her 

ability, persistence, and social supports contributed to her game experience. 

 Though it is reasonable to guess so, Hailey’s success in the game did not seem to be due 

to previous gaming experience. On the second day of game play, the case study participants were 

interviewed for the first time and asked questions about their background and previous 

experience with games. Hailey isn’t a gamer—she plays very little (1-2 hours) every week. She 

believes she’s “pretty good” at the games she does play. She does have some regular computer 

experience, saying, “I usually use an iPad or an iPod.” She claimed to perceive playing SURGE 

as more of a game than a strictly academic school activity, because "its more fun than just 

reading worksheets and stuff. It’s still telling you information, its just easier." She has some 

computer experience, and some game experience, within which she feels competent—she does 

not outwardly dislike games or feel incompetent when videogames are a topic of conversation. 

When I asked “Do you feel you’re pretty good at games, or just ok?” she responded “I’m pretty 

good.” Hailey’s initial perception of the activity was characterized by seeing the task as a game 

and feeling relatively confident in her own ability.  



68	  

 Kat starts out knowing more about physics, at least as measured by the pretest; while 

Hailey had one of the lowest pretest scores, Kat had one of the highest. However, the two 

diverged quite substantially from that point; Kat ultimately had a gain score of zero—her posttest 

score was the same as her pretest. Similarly to Hailey, Kat didn’t appear to have lack of 

experience with computers, noting “Uh, yeah. Yeah. I usually am on assorted Apple products.” 

The difference between her experience and Hailey’s might lay in her belief about her own 

ability. In contrast with the others who scored comparatively high on the pretest, she rated 

herself as “neutral” on the difficulty of the game, while all others who scored the same or above 

her rated the game as not difficult for them. When asked whether she perceived the activity as a 

game (rather than doing school). She said “it feels more like playing a game. I guess because it's 

not like school, I don't know.”	  

 Social bids. In contrast to the more general requests for procedural assistance described 

above, Hailey’s social bids to peers at her table occurred in relation to a specific problem, and 

were made after some persistence in the game. Table B lists examples of many of these direct 

bids to others at her table. For example, rather than appealing for help generally (“Will you help 

me?”), or asking to copy the specific forces her friend used, she asked “How do you turn?” 

which is a conceptual affordance of game play. Observing her game play and utterances, 

importantly, there are many times when she didn’t ask for help, but troubleshooted and adjusted 

her choices until she figured out the solution. When needed, she asked her peers for assistance 

rather than a researcher, particularly Francis--who was sitting next to her and was usually about 

one level ahead.  

 

Table B. Hailey’s Social Bids During Game Play 

H: (Turns to whisper) How do you turn? How do you turn, Francis?... I don't understand 

this! This one turn! 

Francis says she needs to “stop it”, so “you push back that way.”  

H: So I put 20 that way?  

F: Are you going 20? No, you're going 40, so you put 40 that way. 

H: Wait, why do you have to put this thing? 

F: (jumps up) Wait, let me help you out, talk you through this. What do you do to stop? 

You go the opposite way 3. 
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Francis tells her to double speed.  

H: So I have to go 40? Hailey assumes the purple gate is speed, Francis informs her 

they're indicating mass. 

H: How many times do you have to play this? (warp mission blue) 

H: (blue boss 1) Wait, do you pick up a fuzzy right here? 

H: (on last turn, where there's no speed gate) Wait, is that supposed to be 60? (has 10) 

Wait. Franc, what speed is that supposed to be?... Franc, what are you supposed to do 

right here? There isn't another speed-- 

H: (yells) "Green mission one!... Oh, Franc, we have the same level! 

H: Wait, you have to stop yourself with a throw?... Franc, how did you do green two? 

How did you do green two? Where do you throw the thingy? 

H: Ok, two, so you have to go 60. Then this way at 60. (she throws fuzzy behind her, to 

go faster, at 60, but needs to slow down). She changes the throw to 30 (same direction). 

Wait, what mass are you supposed to?--How does this not?—(then immediately changes 

it to the right direction/size) Oh, I killed the fuzzy! 

H: (not seeming to be trying or doing well on level questions) Wait, why does the fuzzy 

slow down the ship?  

Francis tells her “its the opposite direction one.” 

H: (for green 4, Francis tells her how to throw the fuzzy to stop herself. Her first guess 

is to stop herself with a 60 force) But it says I can't do it— 

F: No, you stop yourself going 30 that way because you drop off the fuzzy by launching 

it…. 

Hailey places the forces appropriately after this tip. 

  

 Kat also interacted with her peers at her table. However, as she talked to her friends, her 

bids appeared to be nonspecific and procedural in nature. Self-deprecation and negative self 

perceptions were also scattered throughout Kat’s social talk. A representative sample of Kat’s 

social bids to friends around her are presented in Table C. Often bids were nonspecific and to no 

one in particular, acting as weak affordances for the surrounding friends. When they are specific, 

they are usually procedural in nature (asking for procedural types of help). For example, she asks 

“Wait, for B, what do you have? What do you have for that? What did you have for B? I have 20 
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and 30.” She compares with friend, and mimics her forces to solve the level. In this way, she is 

asking for and receiving procedural types of help from her peers. Students often prefer to seek 

help from peers rather than an authority figure in the room (Wentzel, 2010). Some of her bids 

tend to be commiserating failure rather than providing support. Other bids show her own lack of 

confidence in her own ability, and some show self-deprecation. Between her and a close friend 

sitting by, failure appears to be accepted, joked about, and almost reaches trendiness. Seeking 

help is important—help seeking may indicate awareness of emotional states and better emotional 

regulation during the game experience, especially since reactions like frustration are a direct 

response to game actions (making wrong choices) (Lobel, Granic, & Engels, 2014). However, 

Notably, other responses (beyond help seeking) to negative emotional states during gaming, like 

seeking comfort, do not seem to be affective strategies to relieve in game stress, particularly 

because the goal of most games is to persist and defeat some obstacle. Kat’s joking with friends 

about their failure might be fun for her, but it is not helpful to her learning.   

 

Table C. Kat’s Social Bids During Game Play 

K: (heavy sarcasm) ERIC, do you think 90 is bigger than 60? Yeah me too. (doesn't seem 

to understand how to place forces. The direction of stopping and starting force around 

fuzzy pickup seem to be random.) Calls "ERIIIIC…." 

K: My warp rating is 74. My old warp rating was also 74. I guess I'm just really good at 

this, guys. Maybe I'll get it this time.  

K: I'm gonna die. I DON'T KNOW THIS. I'm gonna fail this mission, bro. Help me. 

What did you do?   

Eric eventually does it for her. 

K: No! My warp score is going to go down! Friend acts shocked she hasn’t passed the 

warp and suggests she’s the lowest in the class. YOU’RE THE LOWEST ONE IN THE 

CLASS. 

K: My warp score is LOW LOW LOW LOW…. (singing) Hey, you know that flo Rida 

song? My warp score is LOW LOW LOW LOW…. 

K: I think I know how to do this next one. Are you on 11? Wait, which one are you on? 

K: Wait, for B, what do you have? What do you have for that? What did you have for B? 

I have 20 and 30. Compares with friend, mimics her forces to get it. 
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K: Oh, will you help me with this one? Friend comments that it’s the easiest level. Ok, 

tell me how to do it. This one's forward 10 right? Friend corrects her. 

K: I have an idea… WAIT…. ERIC?! (for help?) Wait, nevermind. 

K: Oh no, is there another warp mission?... Oh gosh. I'm going to have to bring up my 

score a lot, because I have like 30. 

K: How do I drop it off there? I just drop it off? That's just what happens? Talking about 

how dropping off the furby is like daycare. 

K: "Ok so tell me your logic for figuring this out." friend says she doesn't have any logic 

and is just guessing. Eric, what is your logic? Eric is surprised she still doesn’t know 

how to play the game. No. I mean, I know how to click on stuff and go and stuff, but I 

don't understand what I'm supposed to do when it's a certain scenario…. Eric helps 

explain weight in relation to speed 

K: Paul, I need your help… Paul, it wasn't right. It wasn't right. Paaaaauuuuuul. 

*Eric and Paul are students in the class who were not case studies. Their names are pseudonyms. 

 

Persistence (Hailey). Hailey appeared to have accurate beliefs about her own ability, in 

addition to displaying intense persistence. When her friend, whom she co-played with each day, 

noted "I think I got it all right, like, on the test." Hailey said "I didn't." Importantly, this isn’t a 

matter of lack of positive self perception—it was actually an accurate judgment of her own 

performance at that time. She strongly agreed that she liked playing the game, worked hard, and 

would play again. She got quite far in the game—only three cases were further than her on the 

last day. Watching her game play, she completed levels quite quickly from the initial levels, 

usually on the first try. She exhibited little talk during play (independently figuring things out) 

until she ran into a more severe difficulty. At those points, she sought help at her table from 

Francis and another student. When it was time to sign out on the fifth day, she uttered "NEVER." 

Even after the posttest began, she kept playing to finish her last level—showing persistence 

beyond what was required. 

 Comparison and competition (Hailey). When asked how she can tell if she’s doing well 

in the game, Hailey noted “Like what level you’re on—how you figure out your strategy.” By 

her own admission, the level that she is on compared to others was how she partially judged 

success. Her gameplay involved comparison and playing alongside Francis, who provided 
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support, but also provided a comparison to her own success. At any given point, Francis was 

typically about one level ahead of her. Despite this, when asked if she’s good at games in 

general, she said “I’m pretty good,” and asked if she’s doing well in the physics game she said 

“Yes. Pretty good.” Below is part of Hailey’s interview on Day 3. Francis was seated next to her, 

and chimed in to some questions from the researcher.  

R: Do you feel like the game’s difficult? 

H: Yes. 

F: That one’s not that hard. I don’t know why everyone’s saying it’s hard, I’m sorry. You 

have to use that to stop. 

R: Overall, do you think you’re doing well in the game, or not so well? 

H: Yes, pretty good. 

R: How can you tell if you’re doing well? 

H: Like what level you’re on, how you figure out your strategy. 

R: What’s getting difficult now, how is it changing? 

H: There’s like more points, and you have to figure out how you can stop, throw the 

fuzzy, and continue going. 

Importantly, Hailey’s appraisal of her ability came after Francis positioned her as having 

difficulty in a level that he hadn’t. She then indicated that she had been judging success by 

comparison of progress. Notably, she had been about a level behind Francis through most of 

game play (but keeping pace). Despite Francis’ positioning of Hailey as less successful “That 

one’s not hard. I’m sorry”, she persisted in her confidence and play. Immediately after this 

exchange, when I asked if she feels she’s doing well in the game she responded, “Yes.”  

 Comparison and inaccurate self perceptions (Kat). Kat noted, when asked how she 

could tell whether she was doing well in the game “Well, I'm not [doing well], because it keeps 

blowing up.” She also said she usually played “With someone else,” adding, “Mostly people 

helped me, because I'm usually behind everyone.” This was actually not the case. Kat completed 

much of the “blue” (second set of) levels by the second day, which is what we expect from most 

students, and she reached level 17 by the last day, with 19 as the average highest level completed 

for the case studies. In summary, Kat’s perception of her lack of ability was not supported 

through her actual performance in the game. 

 Verbal play as a way of interacting with the game (Kat). The joking nature of the 
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conversation between Kat and her friends involved both self deprecation and verbal play, 

including singing and making up lyrics in relation to the game. She noted "Ok, it's gonna be a 

fail” or “Oh dang, bro” to no one in particular as her ship blew up repeatedly. Conversation 

topics included popular tv shows (American Idol/The Voice), which have prompted her singing 

throughout game play. Social talk aside from the game transitioned to be the dominant activity. It 

was unclear if the talk is totally unrelated to game play, or actually, a strategy by Kat to avoid 

further frustration. Kat used verbal play to express her negative self assessment by recreating 

lyrics of popular songs. First she declared—almost celebrated--that her warp score was low: ”My 

warp score is LOW LOW LOW LOW…. (singing) Hey, you know that flo Rida song? My warp 

score is LOW LOW LOW LOW….” Next, she reacted to the explosion of her ship by pleading 

“Oh my god please get through (to the ship), oh my god you're so rude to me. Don't explode! 

Why you gotta be so rude, bro? (sings Rude by Magic!)” While Kat’s social talk is tangential to 

her game play, social talk around games about day to day happenings in players’ personal lives is 

a common occurrence in gaming and may serve an important function (McClelland, Whitmell, 

and Scott, 2011).  

Joint accomplishment of player and game. Kat’s and Hailey’s talk illuminate how their 

self perceptions and social bids during game play may have contributed to their experience and 

learning. Despite starting off with less knowledge, Hailey perception of her own ability affirmed 

her confidence, capability, and success in game play. Kat, despite starting off with more physics 

understanding, frequently judged her progress harshly, even singing about her (perceived) failure 

during game play. In this way, both girls were building a particular relationship to the game with 

their language. Hailey asked for help after persistence, and made specific conceptual social bids, 

asking things like “How do you turn?” Kat typically asked for more procedural information, like 

the forces to place in that level. Her social discussion involved singing and sharing experiences 

of difficulty with her friends, but did not typically include conceptual discussion about the 

game’s content. The two girls’ outcomes differed quite substantially. Based on the above 

potential influences, it appears plausible that Hailey’s unique experience and learning may have 

been driven by her belief in her own ability, as well as the relationship she built between herself, 

the game, and the peers around her through the mechanism of these strategies. In contrast, the 

interactions Kat had with the designed affordances resulted in a substantially different outcome. 

She also built things through her language—but she constructed an inaccurate representation of 
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herself as an incompetent player, and she built a relationship to the game and her peers in support 

of this identity. Middle school aged girls are particularly at risk for confidence problems related 

to their learning—reporting they are doing worse than they really are (Pajares, 2010). They can 

be supported by perceiving support among their friends and peers for achievement in math and 

science (Leaper, Farkas, & Brown, 2012), but it appears that the talk of Kat and her friends 

might be positioning success in physics as less desirable. Kat’s verbal play and social bids 

supported a somewhat procedural stance toward game play and diminished the value of 

conceptual discussion about game mechanics or how to play.  

“Gamer Status” Contributing To Game Interactions (Cameron and Lamia) 

 For all participants, those who played over 5 hours of videogames per week tended to have 

higher posttest scores, higher gain, enjoyed the game, and completed more levels than other 

participants. For case study participants, disagreement with “This game was difficult for me” 

was predicted by hours of videogames per week—gamers had less trouble—and agreement that 

they worked hard. It appears that “gamers” may drive through more levels with persistence. It is 

possible—and evident in their talk—that they apply strategies from their previous gaming to 

SURGE. After putting forth so much effort into the game and working with such intensity, these 

players become rather attached to the game, and the work they’ve done. This makes sense—

players of certain types of games save their game over the course of months or years to build up 

their accomplishments. Within this section, I investigate two gamers’ intensity during game play, 

their previous gamer scripts, or gaming strategies, applied to SURGE, as well as their apparent 

attachment and commitment to their work in the game. Clearly, being a gamer doesn’t 

necessitate game success, but it did seem to contribute to the experience in interesting ways. 

 While gamer status could impact game play in a potentiality of ways—here I present two 

cases for purposes of contrast. These are the two cases who reported >10 hours, but also, during 

the study talk about their game experiences and gamer identity both on the recording and to 

researchers. In this way, there is evidence that these girls consider themselves gamers. That 

perception may impact their game play. In one case, the player has intense attachment to her 

game. She also reached the farthest in this version of SURGE of any player we’ve had. In 

another case, the player shows a lot of frustration, but shows coping strategies that have been 

drawn from previous gaming. This frustrated player was previously presented as a less successful 

experience with the game. I discuss these two girls, Cameron and Lamia, as two possibilities of 
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how the intensity and self perception of being a gamer may influence game interactions as seen 

through their talk. Both players show intensity and attachment in different ways—Cameron 

becomes upset when she realizes she cannot return to the game at home, while when Lamia 

becomes overwhelmed by frustration, she verbally expresses her anger directing threats at the 

game, or saying that in “real games” she can quit or Google cheats. 

 Intense attachment to the game (Cameron). By chance, the participant who reached 

the furthest in the game of all the participants (the second to last level, Orange Boss Mission 

1)—and the furthest any student has reached in this version of the game—was one of our case 

studies. Cameron displayed intense attachment to game, and shared her extensive gaming 

experience (>10 hours per week) with us both in conversation and the participant survey. 

Cameron’s gain was relatively high (42.8%, in the top third of case studies), despite a below 

average pretest score (28.6%, with the case study average at 36.2%).  

 Cameron’s self-talk was audible as she progressed through each level. She placed forces 

in different configurations on the screen without simulating their effect, saying, “Maybe I can do 

this…. Oh, no, dangit.” Importantly, she was able to notice a problem in her choice without 

simulating the consequences of the configuration (which would have made her ship explode). 

Similarly, her planning and persistence are evident as she talks herself through choices, at one 

point saying, "No, I don't want to put it there! Grrr. Gosh, this thing." She pleads with the game 

in hopes she will beat a level, with, "Come on…. come on…. please please." She turns away 

from social interaction in order to persist in her play. To another student, she refused another 

student’s bid for conversation, saying, "I really want--I really want to finish the game, ok?" She 

talks to other players occasionally to compare levels, but mainly stays silent and plays 

independently. Her self-confidence is also evident in her talk, telling other students "Watch, I'm 

going to beat the game." Cameron uses some strategies to get through each level. For example, 

she continues to fill out neighboring waypoints when the middle section of her trajectory isn't 

resolved. Also, she replays (tests out) the simulation at each step, solving the puzzle piece by 

piece rather than trying to solve it as a whole (which can be overwhelming).  

 The intensity of Cameron’s attachment to the game builds throughout game play. While 

she remains focused and independent, Cameron does seem to, in part, care about comparison—

she checks with other student about progress, and in one case, put her cursor over other missions 

to see where the one he mentioned was (before or ahead of her). When our project manager stops 
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to ask "What level is this?" Cameron’s response is, "The one that everyone's stuck on—Purple 

Boss 2." Notably, she did not just name the level, but described it as the one everyone’s stuck 

on—indicating it’s difficulty and that she is keeping track of others’ progress. She has noticed 

the multiple students who are stuck on the same level, likely influencing her extreme excitement 

as she notices she is near beating the level (As the ship heads toward the exit portal). She takes a 

lot of pride in being the furthest, exclaiming, "I only have three more! Three more levels! I AM 

SO HAPPY." She screams when the blue switch—indicating that a fuzzy has been thrown--

lights up because she thinks she's about to beat it. Our project manager saw her progress and said 

"You'll be the first person to beat this mission. Congratulations." She is the person to get the 

furthest—definitely takes pride in that. She screams (high pitched, loud, startling everyone in the 

class) when she beats it. She is the only one to have such a substantial emotional reaction within 

the course of our time there, and in truth, in our work in multiple schools.  

 Cameron’s attachment to the game extended to the last day of our study, with visible 

emotional and verbal outbursts when she learned that she couldn’t “save”, re-enter, or continue 

the game further at home, due to our research constraints. Cameron’s intense attachment was 

evident within an episode immediately prior to the post test that all participants took after game 

play. Unfortunately, the episode was not captured in its entirety on the recording, but I took notes 

about what was said afterward. Earlier in the day, when a friend suggested she can play online 

after the study is over, she said "But I'd have to create another account,” indicating she is aware 

of this constraint (all participants create their accounts on our own server, not the internet, so to 

play at home on the internet, participants need to create a new account). At the end of the final 

day, when a researcher announced that it was time to sign out, Cameron continued playing. She 

could be heard talking as she plays, saying, "I sometimes have to do it three times…. I'm doing 

this! I'm finishing this. I'm finishing this." As the researcher prompted the students to sign out 

another time, she uttered, "PLEASE. I am so close," desperate to keep going in the level Orange 

Boss 1 (the second to last level in the game). When she finally signed out, she got up and walked 

over to ask a researcher, "When we go home and get on the game, do we have to create a new 

account?" When the response was “Yes”, she let out a loud gasp. She began to protest, but 

because everyone was already taking the posttest, I asked her to get started on that, and said that 

we would talk afterward. After test, she walked up to me again, and said angrily, "So you were 

going to explain to me when I have to create a new account?" After I explained, she continued 



77	  

pressing, demanding to know why it was necessary. She didn't give a reason for wanting to play 

at home—I guessed that she might want to show her progress to someone. Overall, Cameron was 

very attached to the game and her achievement throughout the study. She appeared to feel like 

she was losing her achievement, losing access to the game after that day.  

Cameron’s attachment to the game and her extreme attunement to the risk of losing her 

accomplishments is not uncommon to gamers. Bringula, Lugtu, & Aviles (2015) found that 

gamers’ anxiety and pressure grew as a player progresses to ever higher game levels. Many 

gamers need to play games frequently in order to build up their game characters, so they become 

more powerful. To do this, gamers spend a lot of time and effort to achieve their gaming status 

and achieve accomplishments. There is a lot of pressure or anxiety in this act because one 

mistake within a game may lead to a loss of earned resources. We didn’t discover the types of 

games that Cameron plays, but given her relationship with SURGE, she may have experience 

building resources or characters over time.  

 Frustration and coping strategies (Lamia). Lamia is another participant who discussed 

her gaming with researchers. Similar to Cameron, she displayed intensity as she played. 

However, differently from Cameron, her intensity was expressed through frustration when she 

encountered trouble, and elaborating her usual gaming strategies of quitting, wishing she could 

use cheats, or expressing anger directed at the game. For her, quitting may actually be a coping 

strategy, as well as the use of “cheats”. Throughout her conversation, Lamia glorified quitting. 

Conversely, she also expressed that she gets frustrated when she is unable to complete a game. 

She labeled SURGE as a learning game multiple times, and described that it was because players 

can’t quit or cheat. Through her talk, she connected game play with academic success—but also 

classified herself as a “geek” declaring she’s not good at school but likes sci-fi. The confidence 

she has drawn from gaming appeared to give her some persistence in SURGE, despite it being a 

“learning game.” Her admission that she gets very angry when she doesn’t finish things (“you’re 

not like me, though!” “when I can’t complete a game, it gets very frustrating”) may illuminate an 

attitude that pushed participants who game to continue playing to get through more levels than 

other players. Here, I investigate these, seemingly conflicting, aspects of Lamia’s interactions. 

In Lamia’s case, it’s possible that a lack of attunement to the physics dynamics in the 

game caused frustration, which drove her gaming coping strategies of “quitting” and using 

“cheats,” which, in this case, led to a lack of substantial learning. However, Lamia’s experience 
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with the game began with an initial ease using the technology, even confidence, and extremely 

quick attunement to the basic mechanics of the game. On Day 1, after the pretest, Lamia seemed 

to become quickly attuned to how to play the game, and the basic mechanics of how the forces 

work. On Red 3, when she discovered how to slow down her ship by using a force in the 

opposing direction, she was visibly excited, saying “You would decrease it! Make it go up? I did 

it!” Standing nearby, I asked her to explain to her friend the rule that she figured out. She says,  

L: Ok, so go the A... So, what I figured out was that... What I figured out is right here 

(points to screen) I entered in 60. For B, what I did was—that’s correct—but the reason it 

was crashing was that it had too much speed. So you want to decrease the speed, and the 

opposite of down is… up. So you would make it go UP 40, and then you start it. 

Her friend responded saying that didn’t make any sense, but Lamia reiterated, “You just go up.” 

It might be the case that playing videogames on a regular basis helped Lamia grasp the options 

or the affordances of the levels quite quickly. Also showcasing her ease and confidence with 

technology, she poked fun of her friend for, at first, thinking the laptop (an 11” Macbook Air) 

had a touchscreen. “You still think it’s a touch screen! No, cause it’s a MACBOOK AIR, and on 

the commercials it showed you can’t do that, you can’t even try.” It could be that Lamia had 

experience using different forms of technology, which produced something like technological 

attunement to understanding how the technology works, boosting confidence, which took away 

that barrier to initial game play and success. 

However, at the end of the first day, at the first sign of difficulty, and despite Lamia’s 

confidence up to that point, she quit for the day. First, she completed Red 4 on the first try, 

singing, “I did it… I did it perfectly. You can’t say I didn’t do it perfectly.” However, as the next 

level—the warp level—appeared, it looks slightly different than the previous levels. She said, 

“What’s this? I’m scared, I’m going to help her now.” She helped her friend for the last few 

minutes of the day. 

In her following game play, she displayed intensity in her desperation to complete the 

levels. She pleaded with the game, but also threatened the game as she pled for success. For 

example, she said, “Please work. If you don’t, I’m gonna kill you.” After multiple attempts, a 

friend at her table described her as freaking out. While there was little noise heard on the 

recording, this indicated that she appeared angry to her tablemates. Her friends could be heard 

offering help, but silence followed. They told Lamia to calm down, and reminded her that it’s 
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just a game. On the recording, Lamia can be heard breathing out heavily in frustration. She did 

state, “Whenever I don’t complete something I get very angry.” Her friend disagreed, and said 

she’s fine with not completing things. Lamia responded, “You’re not like me, though!” This 

indicates that, typically, Lamia sees herself as having persistence—she doesn’t give up easily, 

especially (or primarily) in games. 

The warp levels clearly afford frustration for all participants. Lamia showed frustration as 

well, and her reaction was to quit. After she attempted the level and saw her score of 55, she 

said, “No no no no no. I have to do this three more times. I have to do this three more times. My 

warp score is at a 55. Worst worst score ever. I want an 82 or an 85, or a 100. I want a 100 at 

least.” As she reacted to her warp score, she didn’t seem to be attuned to what impacts the score, 

despite being attuned to how many trials it usually takes to work up to 80—three. Players need a 

score of 80 to move on from each warp level. The warp score decreases if the player hits the 

lever multiple times or if they answer the question wrong at the end of the level. When she 

completed the level again and saw score of 58, she growled “AGH. I’m going to do with every 

game I don’t like. Quit. Hey, there ain’t nothing wrong with quittin’!” Essentially, she glorified 

quitting throughout her game play. However, usually after a short break, she did return to game 

play each time. 

Lamia became very frustrated whenever she had trouble. As I approached her for an 

interview and asked how she was doing, she replied, “Horribly. They were easy at first, but now 

it’s tough.” She continued by explaining, “when I can’t complete a game, it gets very 

frustrating.” When I asked how she can tell if she’s doing well, she said “If I keep failing.” But, 

continued by connecting “failing” in the game to academic failure, saying “Cause now that I’m 

in 7th grade, I can’t fail a single class.” In this way, she connected her own game play to 

academic success. In fact, during my interview time with Lamia, she made it very clear that she 

perceived SURGE as a “learning game” and not a “for real game.” When I positioned her to 

think about the game critically, asking what she would change as the designer, she suggested two 

solutions for her frustration: “What I would change is, if you lose, after one time you lose, 

there’s a superguide to do the whole thing for you! Or… I’d make, when you complete a level, 

there’d be a non learning game, so somebody would look forward to completing it.” She called 

SURGE a learning game more than once—contrasting it to a “for real” game. When I asked what 

about it tells her it’s a learning game, she said, “The questions it tells you at the end of the level. 
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The QUIZ questions!” Even here, she used academic language, calling the review questions 

“quiz” questions. When her friend suggested that it must be a learning game because they’re 

required to do it, she agreed and elaborated on the idea:  

L: Yes, because school doesn’t let us play any for real games. Plus, if I’m at home, and I 

can’t pass a level, of ANYTHING, videogames or any game in particular, Google is 

always helpful. Google. Type in the game, and cheat, and done. I’m awesome. And plus, 

when I get my laptop back, maybe this weekend, because of my good grades, I might be 

able to have my own laptop to where nobody can touch it. And I’ll make sure to be good 

this time, and not have any social media websites. 

Technology use seems to be a part of Lamia’s identity. She claimed the label of “geek” 

but also made sure to distance that word from academic achievement. On the first day, after 

making fun of her friend for not understanding the laptop trackpad, she said,  “I’m a computer 

geek, so I know a lot about these things.”  Later, toward the end of Day 4, Lamia and her friends 

arranged a list of geek/dork-like words. She explained, “Geeks and dorks are completely 

different. Geeks are a lower level. No, actually a geek is higher, because that doesn’t mean 

you’re so good in school, that basically means you like sci-fi a lot.” She values not being good at 

school as higher than academic success here—or, at least, more socially acceptable or desirable. 

Later she reiterated the same idea, “Geek is the lowest class (I think she means the least stigma’d 

class) That means—you just like sci-fi. You’re not good at school, basically. Dweeb would be 

next. I would consider myself as a geek.” She squarely placed herself in the category of someone 

who is not good at school but likes sci-fi—she embraces this category. 

Discussion. Considering how gamers might interact uniquely with SURGE, it is evident 

in Cameron and Lamia’s talk that they might apply strategies, like persistence and temporary 

quitting, from their previous gaming experiences to SURGE. Game players had higher post test 

scores, learned more, got enjoyed the game more, disagreed that the game was difficult, and 

persisted through more levels than other participants. Cameron and Lamia illuminate how 

previous gaming strategies, persistence, and attachment to the game might have driven them to 

complete more levels than other players, and become more attuned to how to win by quickly 

picking up on the affordances offered by SURGE. Interestingly, Lamia displayed more 

frustration and less enjoyment, while Cameron’s intense attachment showed that she was 

working very hard and was proud of what she had done. Given this, Cameron’s case appears to 
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be more like the typical “gamer” who plays SURGE. Lamia may be an example of a gamer who 

applied her previous strategies, but experienced enough frustration that she could not overcome 

her difficulties. This shows in their learning gain. Lamia and Cameron had the same pretest score 

(28.6), however, after the SURGE experience, Lamia had one of the lowest gains (14.3) and 

Cameron one of the highest (42.9). In Cameron’s case, her previous gaming experience drove 

her intensity, commitment, and strong attachments to the game and her achievements. For 

Lamia, her previous experience both added to her frustration when she couldn’t complete a level, 

but also gave her a strategy to cope—temporarily quitting. She appeared to perceive SURGE as a 

learning game, not a “for real” game, and may have treated it differently.  

Discussion (Strong and Weak Affordances) 

The overarching question that this chapter addresses is: what are the strongest 

affordances of the experience, as visible from participants’ talk? Interactions with the game were 

discussed above, and some of the stronger and weaker affordances of the game interactions are 

evident. Specifically, in coding the qualitative data (the talk) of all the case study participants, 

comparison, verbal play, rule articulation, and frustration with warp levels all appeared as the 

stronger affordances during game play. For example, Kat’s singing and joking during her game 

play, as well as Lamia’s discussion about the differences between geeks, nerds, and dorks, are 

two examples of this. It happened many times in the classroom we observed. Games can act as 

hubs that can facilitate much off-topic, yet valued, conversation (McClelland, Whitmell, and 

Scott, 2011). 

Weaker affordances of game play were many of those discussed above—this is where the 

diversity and divergence in experiences are visible. The differences in these groups illuminate 

the weaker affordances of the experience—perceived and acted upon by some players, but not 

others. For example, confidence and persistence during was visible in only certain players, while 

others had a very different reaction to the challenging levels of the game. Only some players 

noticed affordances of the game like lasers and asked if they could play the game after we left. 

While almost everyone compared the level they were on with others (comparison was a strong 

affordance), the reaction to this comparison differed—some perceived their relative success and 

appeared to persist in their confidence while others perceived their lack of progression compared 

to their classmates, which may have had a detrimental affect on their confidence and drive to 

continue further. 
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Chapter Seven: The Diversity in Player Actions (On Screen) 

 In this chapter, I continue to investigate the diversity in game experiences through 

analyzing the interactions between player and game on-screen. The previous chapter presented 

player talk during their game interactions, which illuminates players’ perceptions of and 

reactions to game play, but less insight into how they interacted with the tools afforded to them 

on the game screen and through the opportunities for (game) action that were available. Here, I 

attempt to better understand the diversity in moment-by-moment interactions with the game. For 

example, I discuss as aspects of the interaction, time to completion, number of attempts, time at 

which a player encountered level, and mistakes (why the ship blew up) during each attempt for 

two specific levels in the game (Blue 3 and Blue Boss 1).  

 Looking at on-screen interactions makes visible the potential and enacted opportunities 

for action within the initial game design. The in-the-moment actions taken during game play, in 

conjunction with verbal outbursts recorded on the screencapture, present an ideal data source for 

looking at real-time perception and intention (Barab et al., 1999) within the game play 

experience. Specifically, I investigate: 

o Do a player’s total number of attempts in the game, or the average time taken to 

complete a level have relationships to other factors? 

o How do (eventual) high and low posttest scorers play (on screen) with the same 

level differently?  

o How do gamers interact (on screen) with the same level differently from other 

participants? 

o What are the strongest affordances (on screen) for players interacting with 

SURGE? 

 

Looking at Players’ Total Number of Attempts and Average Time to Complete a Level 

As previously mentioned, logfile data were collected from all players. Two aspects of 

game play interactions are “attempts” and “trialtime.” “Attempts” indicates how many attempts, 

or pulls of the lever to try out a plan, were made on each level. For example, a player may have 

initially placed their forces, pulled the lever, saw that the ship blew up, and then changed the 

magnitude of their forces, and pulled the lever again, with success. In that case, the player would 

have 2 attempts for that level. Importantly, the measure is the total number of attempts for the 
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game experience for each player in the study, or, the total number of times they pulled the lever 

during their game experience. The “trial time” indicates how long (in seconds) a player took to 

make their choices and place their forces and fuzzy throws within a lever before pulling the lever 

to try it out. In other words, if a player was trying things randomly, they might place a force at 

each point, and when they saw their ship blow up, they might quickly change one of the forces 

on the screen, pull the lever again, and repeat the process. This player would have a short trial 

time. A player who is very careful and wants everything on their screen accurate before pulling 

on their lever for the first time might take longer to think about and place their forces, having a 

longer trial time. The measure presented here indicates the average trial time for each player—in 

other words, about how long they took to place their forces for each level on average.  

There appears to be a relationship between total attempts and average trial time—it 

would make sense that these factors impact each other. A player who makes a lot of attempts 

over the course of the experience might have a shorter average trial time—because they make so 

many. Conversely, a player who makes very few attempts may have a longer average trial time, 

because they choose their forces carefully before pulling the lever each time. In fact, that appears 

to be the case. Doing a regression, average trial time predicts total attempts (b = -.59, t(90) = -

6.26, p <.01). The two variables also have a moderate inverse correlation (r(94) = -.376, p < .01). 

Players who had more attempts total had shorter trials on average.  

There are also relationships between these variables and measures of learning after the 

game experience. Posttest and gain both correlate with total number of attempts. So, a player 

with more attempts is likely to have a higher posttest (r(94) = .284, p < .01) and gain (r(94) = 

.341, p < .01). Finally, some ratings of engagement showed relationships to total attempts while 

playing. Enjoyment of game (r(94) = -.394, p < .01), perception of working hard (r(94) = -

.212, p < .05), and rating they would play again (r(94) = -.354, p < .01) were inversely correlated 

with sum of attempts—meaning that they disagreed with these statements (5 was strongly 

disagree) more often if they had fewer attempts. Alternatively, if the player had more attempts on 

a level, they ‘agreed’ more often that they liked the game, worked hard, and would play again.  

A different measure—average trial time—describes how long a player took to place 

forces before pulling their lever. Importantly, this isn’t the total time a player took to complete a 

level successfully, but rather, the amount of time for each attempt before solving a level. It is the 

average time for these trials over the course of the experience. The average time might be lower 
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for a number of reasons—if players have learned to plan intentionally when placing forces, if 

players are trying random actions and place them quickly, or if they just move the cursor more 

quickly than other players. Looking at engagement factors, similar patterns to those with total 

attempts seem to hold. For engagement survey responses, only enjoyment of the game was 

related to taking more time on levels; the two were negatively correlated (r(94) = -.207, p < .05). 

Doing a regression, controlling for other engagement factors and sum of attempts, enjoyment 

(agreement with “I liked this game”) predicted average trial time (b = -.52, t(88) = -3.24, p <.01). 

For this factor, players who agreed with this statement tended to have longer trial times before 

hitting their lever (taking more time to place forces).  

Looking at the learning factors (pre and post test), a similar pattern holds as with total 

attempts. Controlling for pretest and total attempts, posttest scores (b = .47, t(90) = 4.65, p <.01) 

predicted average trial time, but other factors did not. In other words, those who scored higher on 

the posttest were also the players who tended to take longer to place their forces before pulling 

the lever on each level attempt.  

Hours of videogames played per week was not correlated with either variable. Hours was 

also not predictive of total attempts or average trial time. In other words, gamers didn’t have 

more attempts or take particularly long to place their forces. For example, there isn’t evidence 

that gamers attempt many more random trials than other players, and there also isn’t evidence 

that they act more carefully or intentionally by using fewer attempts.  

Diversity of Player Actions in Two Levels 

Two levels were chosen to investigate game interactions on a more micro scale across the 

case studies, to look specifically at their interaction with the same level (containing the same 

designed affordances). The two levels that will be investigated below are “Blue 3”, or the third 

planet in the Blue levels, and “Blue Boss 1,” which occurs after players have completed the Blue 

Warp level, and acts as an extra challenge level before they move on to the Green levels. There is 

one level between Blue 3 and Blue Boss 1—the Blue Warp mission—which players have to 

complete multiple times until they get a score of 80. Screenshots of these two levels are placed 

within the next section in Figures 1 and 2. Blue 3 and Blue Boss 1 were chosen because the most 

cases (16) were screencaptured on those two levels. The reason all 20 case studies were not 

captured on every level was because A) they never got that far, or most often, B) the 

screencapture was not turned on for small gaps in game play, and missed particular levels for 



85	  

some players. One researcher manually started the screencapture on each laptop before case 

studies began playing for the day, and occasionally, due to classroom management, this was not 

completed until 10-15 minutes into class, after players may have completed a few levels. In other 

words, the two levels chosen have the most participants captured playing, so they provide the 

most data to investigate for diversity.  

 The levels Blue 3 and Blue Boss 1 are pictured below. Within Blue 3 (Figure 7), players 

start off with a fuzzy attached to their ship—doubling the mass of their ship to 2kg. To reach the 

exit portal, they must make particular choices that allow the ship through each point in the 

trajectory. They must navigate to the left at a speed of 2 m/s, then stop their ship completely to 

pick up a second fuzzy. They must then choose the appropriate force to take off carrying both 

fuzzies (weighing 3 kg) and traveling at a speed of 2 m/s toward the exit portal (requires 

attunement to the relationship the magnitude of forces has to the mass of the ship). The Blue 

levels aim to allow players opportunities to play with the relationship between mass and speed, 

through carrying and picking up fuzzies, and choosing the appropriate forces to push the ship 

through each target speed gate. Blue Boss 1 (Figure 8) affords similar actions, yet requires 

attunement to how to turn corners within the set trajectory. Players start off traveling a speed of 4 

m/s, but must stop themselves on the corner at B, pick up a fuzzy, and take off in the new 

direction, weighing twice as much and traveling at a speed of 2 m/s. At the next corner, they 

must stop themselves, and then push off toward the exit portal. Importantly, many of the players’ 

actions will result in their ship blowing up or flying off screen. These mistakes are important 

game actions, both due to the feedback the mistake provides and the reaction of the player (what 

they do next). Of course, at each of these points in the trajectory, in addition to the specific game 

actions described here, the opportunities for action each player has include taking as long as they 

choose to complete each action, reacting to their ship blowing up, revising their trajectory, and 

interacting with their peers around the screen (talking and pointing). 

Each player’s time to completion, attempts, day encountering levels, and categorized 

mistakes, are summarized in Tables D (Blue 3) and E (Blue Boss 1). The players’ categorized 

mistakes are discussed further in a later section. In the far left columns of Table D and E, 

players’ posttest scores and hours of videogames played per week are listed. These variables of 

game play are compared with measures from these two levels for two reasons: to continue 

threads from previous chapters based upon the divergence visible in talk, and specifically  



86	  

because I present and discuss players’ actions in Blue 3 in relation to their eventual posttest 

scores, and then players’ actions in Blue Boss 1 in relation to their gamer status (weekly hours of 

videogame play). 

 

 
Figure 8. Screenshot of Level Blue 3 

 

Table D. Blue 3 Summary, Organized By Posttest Score 
Posttest 

Case 
Time to 
complete Attempts 

Day 
played 

Ignoring 
mass 
with 
fuzzy 

Stopping 
force not 
matching 
starting 
force 

Blows up 
in speed 
gate 

Doesn’t 
stop 
before 
picking 
up fuzzy 

95.2 Steven 2:37 3 2  x x  
95.2 Francis 4:32 5 2 x x x  
90.5 Cal 3:42 5 2  x x x 
76.2 Jackson 3:25 3 2  x   
76.2 Janie 1:35 2 2   x  
71.4 Jake 3:18 3 3 x    
71.4 Charlie 3:53 4 2 x  x  
71.4 Nathan 3:35 4 2  x   
61.9 Jaden 1:38 1 2     
61.9 Hailey 1:21 1 2     
61.9 Kat 2:57 3 3 x x   
52.4 Brandy 12:10 19 4 x   x 
42.9 Daniel 2:13 4 2 x x   
42.9 Idina 5:22 26 4   x  
33.3 Bryan 1:34 1 4     
23.8 Patty 2:24 2 3 x    
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Overall, there is quite a range of experiences, as indicated by the variance of the data. 

Investigating these interaction statistically, the amount of time, in seconds, to complete the level, 

was highly correlated with the number of attempts per level; r(16) = 0.739, p <0.01. Taking more 

time generally meant that a player had more attempts. Less predictably, the number of attempts 

strongly correlated with Day Played, r(16) = 0.610, p =0.012; those who played the level later in 

the study usually had more attempts. Importantly, I’m not making a claim about causality, but 

describing how these variables trend together for most players’ experiences overall. Day Played 

was also moderately negatively correlated with learning gain for these participants, r(16) = -.553, 

p <0.05; those who reached the level later in the study tended to gain less from the pretest to the 

posttest. This makes sense, given that those who completed more levels had more gain, for all 

participants. For Blue 3, the average time to complete for these cases was M = 211 (SD = 154) 

seconds, or, 3 minutes and 31 seconds. The average number of attempts was 5 (SD =7), and most 

of these cases completed the level on day 3 (SD = 1). Overall, these trends are not very 

surprising, but they do suggest that there are a variety of weaker affordances in the game that 

give rise to these differences in play in each level; yet, the mistakes that are possible seem to be 

more limited. There are given combinations of actions that can be taken in the game interface 

and trajectory of the spaceship—the mistakes that players made, illuminating particular 

misattunements, fit into discrete categories with few exceptions. 

For Blue Boss 1, the average time to completion for these cases was M = 334 (SD = 393) 

seconds, or, 5 minutes and 34 seconds. This is longer than Blue 3, which makes sense, because 

the level is a bit more complex. The average number of attempts was 5 (SD = 8), and most of 

these cases completed the level on day 3 (SD = 1). The two levels are close to each other, so it 

makes sense that they are usually completed on the same day. Similarly to Blue 3, for Blue Boss 

1, the amount of time to complete the level was strongly correlated with number of attempts 

(r(16) = 0.963, p <0.01) and with day played (r(16) = 0.659, p <0.01). Number of attempts was 

also strongly correlated with day played r(16) = 0.749, p >0.01. Overall, this makes sense—those 

who took longer to complete a level would have more attempts. Also, those who reached the blue 

levels on the last days of the study may have had more trouble completing the level, making 

more attempts and taking more time. Lastly, for the cases here, ‘Day played’ and gain were 

negatively correlated r(16) = -0.506 (p <0.05); those who played the game on an earlier day 
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seemed to have higher gain after the experience. This makes sense, given that those who 

completed more levels overall had higher gain.  

In the paragraphs below, I contrast the game interactions within Blue 3 by discussing 

players who (eventually) had high posttest scores and engagement ratings in relation to those 

who (eventually) had low scores on the posttest and lower engagement ratings. Following this, I 

will present Blue Boss 1 for heavy and lighter gamers, examining any potential differences in 

game interactions among these participants. 

 

 
Figure 8. Screenshot of Level Blue Boss 1 

 

Table E. Blue Boss 1 Summary, Organized By Hours of Gameplay Per Week 
Hours of 
game 
play/ 
week Case 

Time to 
complete Attempts 

Day 
played 

No stopping 
force on C 

Two forces 
remembered, 
not details 

Starting 
force too 
much (80) 

>10 Lamia 25:43 27 4 x x  
>10 Francis 3:34 1 2    
>10 Janie 3:32 4 3  x x 
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8-10 Landon 6:13 4 3 x   
5-7 Cal 1:26 1 2    
5-7 Steven 1:46 1 2    
5-7 Charlie 1:26 1 3    
3-4 Kat 2:10 1 4    
3-4 Daniel 3:23 4 2   x 
3-4 Jake 2:33 2 3    
3-4 Jackson 3:39 2 2 x   
3-4 

Bryan 
did not 
(16:29) 21 5 x x  

3-4 Nathan 2:00 1 2    
1-2 Hailey 3:05 1 2    
1-2 Jaden 3:39 1 2    
<1 Idina 8:45 15 4   x 
 

Divergence in Game Play Interactions for Blue 3  

Actions within Blue 3 for engaged (eventual) high posttest scorers. Steven, Francis, 

and Cal were some of the highest scorers on the posttest. As discussed in the methods, not all 

levels were captured for all case studies, usually because the level was played at the beginning or 

end of the day before the screencapture was turned on. Blue 3 was not captured for Arthur. The 

three cases captured all reached Blue 2 on Day 2—the first full day of game play (the first day 

was taken up by introductions and the pretest). They completed it in 2.5-4.5 minutes, with 3-5 

attempts. They played mostly silently and with quick iterations, seemingly attuned to what they 

should change based upon what happens to their ship. When discussing below, I present players 

actions, or interactions, but may at times make references to their talk or reactions to the game, 

since these cannot be entirely disentangled.  

On the first step, the starting force, a 40N force is required—players must notice they are 

starting off with one fuzzy, which doubles their mass, and requires twice as much force to go the 

same speed—2 m/s. None of these players used the correct force, at first. Steven started off by 

placing a 20N—not noticing the extra fuzzy. This was a common mistake. Francis also started 

off using a 20N force, and later (after seeing his ship explode), seemed surprised, but then 

articulated that he forgot about the extra passenger. Cal started off by putting an 80N (figure 

X)—rather than doubling his initial force, he quadrupled it.  
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Figure 9. Screenshot of Level Blue 3 for Cal’s Starting Force 

 

On the second step, point B, players must stop, pick up the fuzzy, and then push 

themselves toward the portal, compensating for their added mass with two fuzzies. These three 

players correctly matched their stopping force on B with their starting forces—even when their 

starting forces are inaccurate. Steven, who placed a 20N to start, had the proper respective 

stopping force. Cal, who quadrupled his starting force, also matched it to the stopping force—

making it an 80N as well. 

 
Figure 10. Screenshot of Level Blue 3 for Steven’s Stopping Force 
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It seems that once they saw the ship not stop, they knew what to change to fix it (which box to 

alter). Cal, for example, who started with an 80N starting force, changed it after seeing his ship 

blow up. Then, because he didn’t change his stopping force, it was still pushing back at 80N. 

That 80N didn’t just stop his ship, but pushed it backwards. After seeing this, he immediately 

clicked on point B to click on the 80 to decrease the force. He decreased the force to 20N. 

Making sense of the push backwards, he appears to be attuned to the consequence indicating the 

force on that spot needs to decrease, but in this case, he decreased it too much.  

 
Figure 11. Screenshot of Level Blue 3 for Cal’s Stopping Force 

 

Also on point B, players must place a “fuzzy pickup” (Figure 12, it looks like a fuzzy in a claw) 

in the middle column, and then add a final column to push themselves from a stop at the 

appropriate speed, with the additional mass of a fuzzy, to the portal at a speed of 2 m/s. None of 

these boys have trouble with placing the fuzzy pickup. The technical aspects of the game—such 

as adding additional columns and knowing where to place the pickup—are something they 

appear to have mastered. This action is difficult for some players to grasp—both the technical 

task of creating more columns on the same spot, and understanding what goes where, in what 

order.  
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Figure 12. Screenshot of Level Blue 3 of Francis Placing His Fuzzy Pickup 

 

The third column that players can create at point B is the force that should push them from point 

B to point C (the exit portal). With two fuzzies on their ship, they need 60N to push themselves 

at a speed of 2 m/s. Interestingly, these boys seemed to have a need for speed—they all picked 

120N for this force, at first. However, they all changed the taking off force in this third column 

after seeing their ship blow up—they were well attuned to what to change, or what was causing 

the explosion. For example, Steven picked 120N, but once the ship blew up, he changed it to 

60N quickly. Interestingly, as he did this, he paused to play with a button that typically isn’t used 

in the game (Figure 13). The “0s” buttons below the forces are game options that we don’t 

typically use in these versions of the game, but players sometimes interact with, just to see what 

they do. They change the duration of the force that is applied—the default is applying it for 0.1 

seconds. In this way, he acts upon a very weak affordance of the game—we don’t use this 

functionality in the game, so it is difficult to find (by design), and nearly every player that 

interacts with SURGE doesn’t see it.  
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Figure 13. Screenshot of Level Blue 3 and Steven Interacting With A Weak Affordance 

 

These three all faced some challenges, even on the starting force, a full day and a half 

into game play. They made mistakes, but importantly, they seemed to be attuned to what to 

change in response to feedback they perceived. After each explosion, these players were quick to 

choose the appropriate force and change it. Their iterations were quick. The technical aspects of 

the game—such as adding additional columns and knowing where to place the pickup—was 

something they appear to have mastered. These might represent the stronger affordances of the 

game for these players—being well attuned the technical affordances of the game (the function 

of each button and what to drag where). These are evidence of strong affordances for this group 

of players because they all took these actions during the same experience. Every action is 

evidence of an affordance being taken up—either an affordance within the game itself or in the 

game context. In other words, these players showed very strong attunement to the potential of 

these actions, and took them up during game play. Another way of saying this is that these 

players showed strong attunement to game dynamics.  

Actions within Blue 3 for less engaged (eventual) low posttest scorers. Patty and 

Bryan were discussed in Chapter 6. Lamia, who also was discussed in Chapter 6, was not 

captured playing Blue 3. In some ways, Patty and Bryan were actually more successful in this 

level than the high posttest-scoring group discussed above. Patty played this level on Day 3, 
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while Bryan played on Day 4. Patty started playing Blue 3 by placing 40N as a starting force, 

which is accurate. However, after clicking around, she changed this to 20N before moving on. 

 
Figure 14. Screenshot of Level Blue 3 and Patty Placing a Starting Force 

 

Bryan played this level on Day 4, quite far into the study. Interestingly, Bryan also chose 40N for 

the starting force as well—the higher performing players didn’t do this, but both Patty and Bryan 

did. However, Bryan left the arrow pointing in the default position (to the right). His friend 

intervened and reminded him to click the arrow in the direction he wants to go (left). 

 
Figure 15. Screenshot of Level Blue 3 and Bryan Placing a Starting Force 
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Patty placed all of her forces on the screen before hitting the lever for the first time. The 20N 

stopping force matched her initial starting force—it is also 20N. She placed a 60 as the taking off 

force at point B. This is also accurate, and also something that none of the higher performing 

cases did.  

 
Figure 16. Screenshot of Level Blue 3 and Patty Placing Forces at Point B 

 

After blowing up initially, she quickly changed the starting force to 40N, and then immediately 

changed her stopping force to match this change (from 20N to 40N). This move is interesting 

because some of the higher posttest players didn’t do this. She appeared to be highly attuned to 

making sure the starting and stopping forces match. Overall, she completed this in two tries—

faster than all of the high posttest players.  
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Figure 17. Screenshot of Level Blue 3 and Patty Changing Her Stopping Force 

 

Patty also completed the level in about 2 minutes 24 seconds, with about 30 seconds of talk at 

the beginning before she moved the cursor. This is faster than all of the higher posttest players. 

However, she played the level on Day 3 of the experience—one day later—progressing slower 

through the game overall.  

On point B, Bryan immediately placed the fuzzy pick up. His friend intervened and 

reminded him that he has to stop on the spot before he picks up the fuzzy.  

 
Figure 17. Screenshot of Level Blue 3 and Bryan Placing a Fuzzy Pickup 
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When Bryan placed the three forces to make the fuzzy pickup, he made the stopping force 

40N—matching the starting force. Interestingly, Bryan completed this step accurately right 

away—the higher posttest cases didn’t do this. His friend offered scaffolding in the form of 

interjected reminders about direction, but when choosing the magnitude, Bryan seems to be 

attuned to the magnitude of the force needed, and matching a stopping force to a starting force.  

 
Figure 18. Screenshot of Level Blue 3 and Bryan Placing Forces on Point B 

 

 Overall, one take away shown from the contrast here between higher performing and 

lower performing players is that the experience between these players on just one level doesn’t 

appear to actually differ that much. Their talk and their performance over the course of the 

experience, does differ. One could argue that these two, Patty and Bryan, execute the level better 

than the higher performers, but simply reach it later in the experience. For example, they both 

initially chose 40N as the starting force, and none of the higher performers did. They both chose 

60N as the taking off force (Bryan, with some help), and the higher performers all chose 120N. 

This is an interesting and promising potential finding, since though these players take longer to 

reach the same point, they do quite well. It suggests that players who take longer to learn the 

same concepts, or become attuned to the affordances of the game later, still might perform the 

same tasks similarly to those who work faster. However, progressing slower through the game 
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means that they complete fewer levels overall, and that may impact their learning from the entire 

experience of the game, as discussed in Chapter 5. 

Divergence in Game Play for Blue Boss 1 

 I looked at Blue Boss 1 in order to contrast the “heavy gamers” from “light gamers” in 

terms of affordances they acted upon in the game. As listed in Table E, of the players that were 

captured playing Blue Boss 1, Lamia, Francis, Janie, and Landon were the players who reported 

10 or more hours of gameplay per week. For the purposes of this analysis, I classified those as 

the “heavy gamers” and watched their screencapture videos to understand their experiences as a 

group. Though Cameron was another player discussed in Chapter 6, she was not captured 

playing Blue Boss 1. To contrast the “gamer” experience, I compared these interactions to the 

experiences of Hailey, Jaden, and Idina, who reported 1-2 or fewer hours of game play per week. 

Despite coding the actions of “heavy gamers” and “light gamers” in these levels, there were no 

substantial differences made visible between these groups.  

However, a lack of differences related to gamer status of players is an interesting finding, 

given the discussion in Chapter 6 and the previous literature presented explaining why gamers 

might interact with a game uniquely. It might be the case that heavier gamers are better attuned 

to initial affordances of a new game when beginning to play, due to their previous game 

attunements, but otherwise interact with the game and its affordances in mostly the same way as 

other players. Following this, the reaction to initial game affordances may be more visible in 

players’ talk, or on screen in the beginning of the experience.  lowered anxiety of entering the 

game, or during frustration with learning how to play, could be seen in confident players’ talk 

around the game, or may have been more visible on screen in the beginning of the experience. 

The level investigated here to look across participants was in the middle of the game experience, 

potentially after all players have become attuned to the game’s basic affordances for game play.  

The Strongest Affordances on Screen While Playing SURGE 

Asking how gamers interact (on screen) with the same level differently from other 

participants, here, the answer appears to be that there is little or no difference. As discussed 

previously, gamers’ interactions may differ in terms of their talk and attunement to initial game 

affordances when learning how to play, but within one level in the middle of the game 

experience, otherwise interact with the levels in similar ways to other players.   
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Overall, many of the players acted in the same types of ways in terms of their actions in 

the game. In this way, the functionalities of the game—the potential actions players could take—

were rather strong affordances. Most or all players clicked on the lettered points to add their 

forces, and were attuned to the affordances of the box labeled “F”, and that they could choose the 

force’s direction and magnitude. The players made very similar choices at each checkpoint along 

the trajectory. The evidence for this is that the mistakes players made were very similar—they fit 

into a few discrete categories.  

The levels appeared to offer particular affordances for interaction, and for making 

mistakes. There seemed to be a very limited number of ways that players could make mistakes in 

the game. In Tables D (Blue 3) and E (Blue Boss 1), the players’ mistakes—or, reasons for 

blowing up or failing a level—are categorized. I was able to easily categorize the common 

mistakes made (reasons for another attempt) within these levels (indicated by the Xs in the 

table). Very few exceptions did not fit these categories. Essentially, these are the reasons for 

blowing up, or the reason the level did not continue. For example, in Blue 3, some players were 

not attuned to the relationship between mass and force. When they picked up a fuzzy, adding 

mass to their ship, they did not increase the amount of force that would otherwise be needed. 

When players did this, they fit the column “Ignoring mass with fuzzy.” Some players were not 

attuned to the need for an equal force pushing back on their ship to stop it. These players used 

too much force, pushing their ship backward, or too little force, slowing down their ship, but not 

stopping it. They are in the column “Stopping force not matching starting force.” Players who 

are not attuned to the relationship between force and speed selected an inappropriate amount of 

force to go through a speed gate. They are indicated in “Blows up in speed gate.” Lastly, some 

players displayed lack of attunement to the affordances of game controls (what the controls are 

for and what specific parts of the game requires). For example, it appeared that some players 

didn’t realize that the game requires them to stop before picking up a fuzzy. They are indicated 

in “Doesn’t stop before picking up fuzzy.” 

All of these mistakes are a matter of lack of attunement—the first three are directly 

related to concepts of Newtonian mechanics. The last is related to the affordances of the SURGE 

interface. Blue Boss 1 had similar affordances available. Three common mistakes were made by 

players in Blue Boss 1. Similar to Blue 3, some players were not attuned to the idea of equal and 

opposite forces, and did not place a stopping force on point C, in order to turn the corner, 
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indicated by “No stopping force on C.” In order to turn a corner in the SURGE interface, two 

forces must be used—one to stop the ship and one to push in the new direction. Some players 

were attuned to the idea that two forces were needed, but not how those forces worked to push 

the ship around the corner. Many players would add two forces, but make them pushing in 

opposite directions, or make both pushing over to the left. Lastly, many of the players of Blue 

Boss 1 started off the level with 80N. The first speed gate is 4 m/s—this could indicate a lack of 

attunement to the relationship between force and speed. However, these players just completed 

the Blue warp levels. In nearly all of these levels, players start off with a fuzzy on their ship. It’s 

possible that these players became very well attuned to doubling their initial force when a fuzzy 

is on their ship during their experience in Blue warp—they were so attuned that they didn’t 

notice the lack of a fuzzy on their ship in Blue Boss 1.  

Conclusions 

Generally, when considering the differences in player interactions with the game, looking 

just at actions visible on the screen, there were actually very few differences—most players took 

similar actions. Looking at the experience through just the actions players took indicates that 

they had similar experiences. There were some differences in player attunements—whether it 

took them one try or 26 tries to complete a level. Players who took 26 tries likely had more 

frustration, which was discussed in Chapter 6. 	  

Considering players’ time to complete levels and their total number of attempts over the 

game experience, there were a few interesting differences among players. Players who made 

more attempts total over the experience were those with higher posttest scores, higher gain, and 

shorter trials on average. Players who enjoyed the game made more attempts overall as well—

this may reflect the attunement of some players to see a challenging game level as an opportunity 

to display skill rather than as a risk of displaying failure, or an opportunity to take (lack of) 

action by giving up. Considering average trial time, players who enjoyed the game had longer 

trial times—they took more time to complete each level. Also, those who took longer on the 

levels tended to score higher on the posttest. Interestingly, looking at the variable of gender, boys 

took longer to complete levels.  

Higher performing and lower performing players—as measured by the posttest—actually 

look quite similar as they play the same level placed in the middle of the game experience. The 

“lower performers” possibly make more informed actions as they play Blue 3 compared to the 
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“higher performers.” While some players reached Blue 3 one or more days after other players, 

once they reached that level, they appear to be equipped to interact with the affordances present 

in an informed way.  
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Chapter Eight: Discussing the Affordances of SURGE 

SURGE Supported Particular Kinds of Interactions and Hindered Others 

As with any design, some interactions were more strongly afforded within SURGE than 

others. In the methods, I described the design that students interacted with in terms of students’ 

eventual experiences. Undoubtedly, SURGE constrains the number of potential options in terms 

of screen interactions, especially for the initial levels. This scaffolds learners’ interactions when 

learning the initial affordances of the game. However, it’s important to note the differences 

between affordances of the game design and affordances of the context in which it is used.  

In the design of levels, players of SURGE have an opportunity to manipulate the 

placement and magnitude of forces, once they perceive those blocks as things they can act upon. 

They are also able to place fuzzy pickups, fuzzy throws, and hit a lever to simulate a plan. They 

can make any number of arrangements that do not result in their intended goal, and they can 

react to and iterate upon their plan until it works as intended. One might argue that these actions 

are limited, and that is true, compared to a lot of other games, especially immersive games or 

those which allow players to design their own trajectories (SURGE actually had a version that 

allowed players to do just that—but changed it to better scaffold initial game play). However, the 

limited number of options attunes players’ attention to a limited number of affordances within 

which they can act upon. Arguably, it acts as a scaffold to attune intention productively. For 

players who had difficulties learning how to play, it may be the case that more needs to be done 

to attune players to the affordances of game controls, but the controls available do limit the 

number of unproductive player paths. 

In terms of the context in which the game is used, including the planned curriculum and 

introductions, there are countless affordances that can be perceived and acted upon, in addition to 

the admittedly limited affordances of the design itself. A middle school classroom has a plethora 

of things to see and hear which the participants may draw into their game play. In this study, it 

was common for participants to sing popular songs or talk about their Halloween costumes (the 

study took place in October). Lastly, affordances are only affordances once perceived, so, the 

design may not be used as intended or projected when it is put into any context. The claims made 

here acknowledge the design placed into the classroom as an important part of the ecology of 

game play, but only one part. 

Perception of SURGE As A Game or As School 
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When asked, some participants appeared to see SURGE as a game, or as “school.” Most 

participants saw it as both, and were able to articulate what made it count as each category. It is 

important to understand what SURGE, as an educational game, was to these participants, 

because that influenced how they perceived and acted upon it. Most said both, some said game. 

This may very likely be because we referred to it as a “game” when framing the activity. When 

asked in interviews on the second day of game play “Does what you’re doing feel more like a 

game or like school?” the following responses were given: 

Table F. Responses to “Does what you’re doing feel more like a game or like school?” 

Bryan For me, it kind of feels like a mixture of both. It's a game, but it's sort of like 

school, in that you have to figure it out. And also because of the speed and 

such, it sort of ties into science. So, to me it's kind of a mixture. It's like 

science class in the form of a game....[researcher asks what makes it game 

like] How you can control the ship....and kind of like the storyline, and what 

the missions, and what you're trying to do. 

Kat It feels more like playing a game. I guess because it's not like school, I don't 

know. 

Cal A game…The spaceship, and the um…. It kind of felt like a pattern. That’s 

what it kind of feels like. It’s like a pattern, when you know the number, you 

know what comes next. 

Daniel It feels more like a game, because if it was a game about school, it would have 

a bunch of math problems and you would have to imagine stuff. But this isn't 

really about school—it does have some math in it though. 

Steven It’s kind of both….Well, the fact that it’s on a computer and we’re interacting 

with stuff….  

Idina It's like a brain teaser, so it kind of ties in with school, but it's like a game that 

helps you with school, so it's kind of both…. I think the school part of it is 

that you have to guess at which size or speed and which direction it's going, so 

that makes you think. And I think the game is like playing the computer game, 

and trying to have fun and get the thing to the other side. 

Jake Both. You’re still trying to figure it out and do it, but at the same time you’re 

playing a game, so it’s still kinda fun. 



104	  

Janie Like a game, I guess. I guess the looks of it, and because you are on a laptop 

and not like in a workbook. 

Nathan Well, it’s kind of somewhere in between, because it shows you the 

walkthrough videos, but you have to do it yourself. So, in that aspect it’s more 

like school, but then it’s just a game because, you know, it’s a game, so it’s 

different concepts than you would see on a test, so I’d probably say 

somewhere in between. The parts that made it more like a game was the 

detail. So, the ship is sort of like this, so you know where the things are based 

on—and it’s in space, but there’s no correlation to it, so it’s more like a game. 

Hailey Yeah, game. It’s more fun than just reading worksheets and stuff. It’s still 

telling you information, it’s just easier…. 

Francis It really feels more like a game to me. The whole…. Presentation. It’s not a 

book. It’s telling you to do it XXX. 

Jackson Probably a game. I mean, it teaches you what you need to know, but it’s just 

fun, when you play, so…. 

Patty It feels more like playing a game because it didn't help me that much knowing 

how to do it. The answers were kind of hard because I didn't understand the 

game at first. Now that I get it, I think it's more like school…. About the 

questions that it asks of me [makes it feel like school]. 

 

Some of the qualities or affordances that attune players to the game like nature of 

SURGE are superficial qualities of the platform (“the fact that we’re on a computer”), the look of 

the space, the storyline, but also its interactive nature. Participants defended its game qualities 

using phrases like it was “just fun,” “you play,” and there were “different concepts than you 

would see on a test.” The things reported that make it more like school are its passive nature, and 

that it’s telling information, but also that it includes intellectual work, because it “makes you 

think,” is like a “brain teaser” and players reported “trying to figure it out.” It asks questions of 

players and is an individual intellectual task because “you have to do it yourself.” 

When is a Game Not a Game?: Tensions Between Commercial Games and Educational 

Games 
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A typical definition of a game might include that it is a playful activity with rules that 

limit players, that it has a goal, involves decisions, is artificial or representational, and voluntary 

(Salen & Zimmerman, 2004). One might propose that an educational game is a game that is 

designed intentionally through a specific learning theory or framework to support learning for its 

players. Given the characteristics described by the participants in this study, the educational 

nature of a game may be signaled by question-asking, difficult intellectual tasks, and being 

independent work. Of course, not all educational games have these qualities, but there are 

potential of educational games to signal “school” for their players. 

Some people propose to design educational games by looking at commercial games 

(Becker, 2008), but the two designs have different purposes—one is purely enjoyment, the other 

has a learning goal. Further, seeing the activity itself as educational, or not, or as a game, is 

important to understand. Progress in a game does not necessarily equate to learning, of course 

(Linderoth, 2012), because one part of educational games is learning how to use the game 

affordances or controls of the space. The question of whether or how SURGE counts within the 

categories of a game, and specifically how an educational game is conceptualized, is one for 

further discussion. 
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Chapter Nine: Conclusions 

 Below, I review and discuss the findings presented in this dissertation, revisiting the 

original research questions to better understand the diversity of game experiences for different 

players. In the findings chapters, I chose to focus on three trajectories of experience with the 

game—I discussed the nature of the experience for players who had higher scores on the posttest 

and more engaged in the game, then players who had lower posttest scores and were less 

engaged in the game, and finally, the trajectory and typical experience of the gamers of the 

group. Here I will first review the claims made in Chapters 5-7, and then elaborate on and 

discuss the major trends found in the study. To conclude, I revisit the initial research questions of 

the study and discuss implications and future work that may build upon this dissertation. 

Summary of Claims 

 SURGE supported learning. There was a significant learning gain for all participants 

from pre to post (an average of +22.5 points). The game, with its designed affordances, did 

support learning overall. This finding suggests that more experience with the game might 

increase learning, and that was indeed the case—the more levels a player got through, the more 

they learned, controlling for pretest scores and hours of videogames they usually play per week. 

The highest level a player reached also appeared to be related to enjoyment—players who got 

further in the game were those who reported they enjoyed the game.  

 Initial attunements may have impacted the player experience in terms of game 

success, learning, and enjoyment. The players who started off scoring higher on the pretest 

completed more levels, got higher scores on the posttest, and enjoyed the game. Conversely, 

players who started off with lower pretest scores completed fewer levels, had lower posttest 

scores, and enjoyed the game less. While there was no significance difference in gain related to 

pretest scores for all participants, looking at the case studies, pretest scores did predict learning 

gain—those who started off better learned more. 

 Overall, those who started off with higher pretest scores got further in the game, scored 

higher on the posttest, and learned more. These players were also more engaged as reported after 

the game experience—they disagreed the game was difficult, agreed it was enjoyable, agreed 

that they worked hard and that they would play again. Starting off better meant more successful 

attunement throughout the experience (more learning). Higher posttest scorers tended to be some 

of the same students who had high pretest scores. Overall, their trajectory of experience seemed 
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very different from their peers’. A group of players who started off highly in terms of content 

attunement may have been set on one trajectory of interactions, as compared to their peers.  

 Higher posttest-scoring, more engaged players and lower posttest-scoring, less 

engaged players saw the game differently. When first perceiving initial levels, higher posttest 

scoring, more engaged players articulated theories or patterns they saw in the game, expressed 

their positive self perceptions in both games and school, dismissed difficulty of the game, 

perceived complex levels as opportunities to showcase skill, positioned themselves in a critical 

stance in relation to the game, and were attuned to the weaker affordances of the game. Lower 

performing, less engaged, players perceived the task as academic, showed lack of attunement to 

game dynamics (how to play), perceived their lack of progress through comparison, joked about 

their failure and requested procedural help from friends (indicating they saw the procedural 

affordances of the game to act upon), and perceived complex levels as near-impossible obstacles, 

showing intense frustration.  

 Lower posttest-scoring, less engaged players saw the affordances as opportunities for 

showcasing failure, not as an action they felt capable of completing. Some players showed a lot 

of frustration navigating the levels—they were not attuned to the function of game controls or 

dynamics. Those without game experience often have trouble with the technical control of 

videogames (Tawfik, He & Vo, 2009). Given that there was a relationship between gaming and 

posttest scores, those players who had lower posttest scores—categorized as the lower 

performers—are likely those who have little gaming experience outside of SURGE. This may be 

the reason that they had trouble and frustration with the navigation and controls while learning 

how to play.  

 The actions of different groups of players look similar on-screen, but speed of 

progressing through the game, talk around the game, and reactions to game affordances 

differ. When interacting with the levels, lower performers looked the same on the screen as 

higher performers. While they made similar, or better, choices in the levels, they got to levels 

later. The specific actions they were taking in the game showed better attunement in the same 

levels—on such a small scale, the experiences looked the same—the larger context, looking at 

the entire experience, illuminated the differences between these players. In a sense, lower 

performing players were doing smarter things on levels but did worse on the posttest. The 

differences between heavy and light gamers on a specific level didn’t show any visible patterns. 
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The actual actions gamers take look the same as other players—it might be just that gamers have 

less frustration when learning the basic tools like navigation, already being attuned to common 

game-like affordances, but otherwise show little difference in actual game play. 

 This study found few differences in gender. The case studies were investigated for 

gender patterns, because we did not collect gender information for everyone. There was no 

difference in pretest scores, gain, survey responses, or hours of videogames typically played for 

boys and girls, but posttest scores approached significance (p=0.075), with boys scoring higher. 

As mentioned, this was not because the boys spent more time playing games—there was no 

difference in that factor. Boys had a higher average trial time than girls—they took longer to 

place their forces, but they did not make fewer attempts overall. Despite the few statistical 

differences, some potential differences in patterns of talk were evident. It appeared that 

particularly for the girls in the case study group, their self perceptions impacted their talk around 

the game, which is supported by other research that found girls tend to rate their performance as 

lower than it actually is (Pajares, 2010), and tend to be less confident in both games and in math 

and science domains (Appel, 2012; Leaper, Farkas, & Brown, 2012). In other words, girls are 

more likely to perceive their performance and capabilities in game play as lower than their actual 

actions would suggest to an observer, as in the case of Kat. 

 Gamers learned more. The participants who game more per week approached the game 

somewhat differently, compared to other participants. Not surprisingly, heavy gamers appeared 

to be more skilled at progressing through the game quickly—they got through more levels than 

light gamers. Also, the heavy gamers of the classes enjoyed the game more than the light 

gamers—this makes sense, since they often choose to play games voluntarily outside of school. 

However heavy gamers also had higher posttest scores and learned more from the game than 

light gamers, controlling for their advanced progress in the game and their pretest scores. Heavy 

and light gamers did not differ on the pretest—they had about the same about of prior knowledge 

of the content. Further, among the case studies, players who gamed more felt the game was less 

difficult for them. Tawfik, He & Vo (2009) found that more experienced gamers chose more 

difficult personal goals for game play and report higher self efficacy during game play. In terms 

of game interactions, users like Cameron, Lamia, or Francis develop initial perceptions of the 

game in relation to their existing attunements. Because of this, it’s possible that the attunement 
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games start off with, related to common game-like affordances, may help attune their attention 

productively to learn the game dynamics relative to Newtonian mechanics. 

 Gamers showed attachment to the game, or attunement to the risk of losing their 

accomplishments. The presented cases of heavy gamers showed attachment to the game itself 

and their accomplishments. Attachment to a game is common once players have invested a lot of 

time into their achievements (Bringula, Lugtu, & Aviles, 2015). The extreme attunement to the 

risk of losing game accomplishments is not uncommon to gamers—this appeared to be the case 

with Cameron, who became very upset when she learned she could not continue in the game 

after the study. The significance of her game progress was so great to Cameron that losing it, or 

no longer having access to it, felt devastating. 

 Lamia’s interactions may be a case of a different kind of attunement to game 

accomplishments. Her game anxiety seemed to be in the form of very strong attunement to the 

risks of losing, and the significance of her game status or game progress. She verbally threatened 

the game as she perceived and interacted with the more complex levels. Similar to Cameron, she 

heavily attended to her relative progress in the game. However, her lack of attunement to the 

affordances of the game related to mechanics combined with her strong attunement to progress 

compared to others manifested in visible frustration or anger, and taking temporary breaks, or 

“giving up.” Lamia’s reaction to having trouble may have attuned her attention to unproductive 

affordances of the experience so much that giving up appeared to be an appealing option rather 

than playing further with game actions. 

Discussion 

1. Gamers learned more—why? One interesting finding in this study is that, even while 

controlling for some of the other likely potential influences, the gamers in the study benefited 

more from the game—they became more attuned to mechanics content as a result of the 

experience. The findings and discussion here indicate a few potential explanations, A) The 

gamers completed more levels and experiments with more levels contributed to more attunement 

(helped the players learn more), B) The gamers were well attuned to the affordances of games, so 

they picked up on the affordances of SURGE quicker than other players, or C) Gamers’ initial 

perception of and reaction to learning how to play contributed to their lowered anxiety or 

frustration, which helped them persist through the game. More than one of these may be the case, 

and there could be other explanations in addition to these three. Explanation A appears to be 
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plausible. Gamers likely enjoyed playing a game in school, and may have persisted in the 

activity simply because it was enjoyable to them, compared to their other academic tasks. 

Explanation B might also be plausible. Gamers tend to perform better in games than those with 

less gaming experience (Orvis, Horn, & Belanich, 2008). Gamers are familiar with the 

affordances of other games, and their dynamics. Further, if they consider themselves a “gamer,” 

they might have had high self perceptions of their game skill entering the context of the SURGE 

game space. 

 One benefit of being a gamer is decreased anxiety about initial game affordances when 

learning how to play. Gamers show less anxiety and better coping, more enjoyment, and 

persistence through game play (Appel, 2012). In this study, gamers learned more despite having 

a similar pretest, so the affect of this decrease in technological anxiety, or initial attunement to 

the game affordances like navigation, might be more important than one would at first assume. 

However, other than their talk and reactions to particular kinds of game affordances, within this 

study, they tended to take actions similarly to any other player. 

2. Higher and lower performers perceive the game differently—they see different 

things. Higher performers seem to notice the weaker affordances of the game, and they more 

quickly become attuned to game dynamics (how to play) as well as conceptual affordances. The 

differences in their learning are in their attunement—what they notice (Gibson, 1986). This study 

presents many ways that the experience of players differed in ways that they talked about the 

game and their own experiences, what they reacted to, and how they interacted with the 

affordances within levels. However, in many cases, it was evident that the differences in their 

play drew from how they were seeing the game, or themselves, differently. For example, players 

who are better attuned to how to play the game, and what the controls do, see a fuzzy in their 

trajectory as a place where three forces are needed (a stopping force, a “fuzzy pickup” and a 

starting force, in that order). Players who are just starting to play see a fuzzy in their trajectory as 

a round, gold, creature on their screen, but likely little else, until they interact with the game and 

learn what the different controls, or affordances, do in relation to the fuzzy. 

The differences in attunement appear to be most visible earlier in the game, and in the 

social context and talk around the game. Looking at the Blue levels in the middle of the 

experience, it appears that once players have become attuned to basics of game play and learned 

at least some of the skills required by the red and blue levels, they take very similar actions with 



111	  

the set of affordance in one level of the game. Lower performers get there slower, later in the 

experience, but once there, they interact with the game in similar ways. Relatedly, higher 

performance see harder levels as opportunities to display their skill, while lower performers see 

the harder levels as opportunities that might reveal their difficulties. This is discussed next.  

 3. Self perception matters. Higher performing players that I observed tended to become 

excited when they saw a challenging level. The lower performers seemed to dread a new 

challenge. It appears there is a divergence between these players of taking an approach to 

challenge or an avoidance stance to challenge (Elliot, 2006). In other words, the lower 

performers saw challenge as a thing to avoid, while higher performers sought and became 

excited about difficult tasks in the game Studying students’ avoidance strategies in mathematics, 

Turner, Meyer, Anderman, Midgley, Gheen, Kanh, & Patrick (2002) found that these avoidance 

strategies, often adopted to deflect attention from low ability, undermine performance. 

Interestingly, students are less likely to seek help under performance goal conditions than under 

mastery goal conditions. Given that comparison of progress was so common among all players 

of SURGE, it could be the case that participants perceived a performance oriented culture in their 

classroom, and the frequent comparison of progress did contribute to the avoidance of challenge 

by these students.  

 The differences in reaction to challenge might be driven by self perceptions. Generally, 

when people believe they will succeed, they tend to try hard, persist, and perform better (Pintrich 

& Schunk, 2002; Pintrich, 2003). In this way, players who felt confident in their game play, and 

expressed that they were good at games, and in school, were more likely to succeed in the game. 

This was generally true of our participants, and this idea was highlighted in the contrast between 

Hailey and Kat in Chapter 6. While the girls started off from a similar point, Hailey expressed 

confidence and positive appraisals of her own ability. Kat tended to rate her performance as 

poor, even when it wasn’t. Out of their experiences, Hailey learned a lot from the game—having 

one of the highest gains of the case study participants—while Kat showed a gain of zero from 

her pre to post test.  

 4. Social interaction and talk emerges naturally during game play. Game play is a 

social activity, whether or not there are communication affordances, like a chat room or a forum, 

built into a game (Ferguson & Olson, 2012; Pew Internet & American Life Project, 2008). Being 

typical middle school students, there was lots of social talk by participants about their personal 
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lives, popular TV shows, Halloween costumes, and other topics unrelated to game play. Many of 

the case studies sing their favorite songs sporadically throughout the screencapture videos. There 

isn’t evidence here that this talk serves a functional purpose, but the fact that it appears for most 

or many players shows that it is something that occurs spontaneously around game playing 

context, when there is an opportunity for it. In this way, it is a strong affordance of game play. 

Social talk and verbal play might have acted to diffuse frustration when the experience became 

too overwhelming, or may have helped players build a shared experience.  

 Social talk appeared to serve an additional functional purpose within some interactions, 

such as in the cases of Hailey and Francis, who played alongside each other and checked in with 

each other at particularly difficult spots in the game. Their talk acted to scaffold one another and 

share strategies about each level. Comparison of progress is a type of social talk that occurred 

throughout game play for most or all participants—however, it appeared to either help or hurt 

players’ self perceptions. For lower posttest scorers, seeing their progress behind their peers 

appeared to lower their self perceptions and increase frustration in their game interactions .  

Conclusions 

 This study aimed to better understand how different players perceive, make sense of, and 

take action on the same set of affordances within a game design differently. The experiences of 

the participants varied widely, and the case studies illuminated some of the variation and 

interesting trends related to differences. The stronger affordances of the experiences were the 

places were the experience was typically the same for most players—where there was little to no 

variation in take up of the game experience. The findings indicate that comparing progress, 

engaging in social interaction, becoming frustrated with the warp levels, and interacting with the 

interface in predictable ways are some of the stronger affordances of the experience of playing 

SURGE. All players learned from the game, and interacted on screen in very similar ways. The 

differences arose mainly in participants’ talk around the game and in their later ratings of 

enjoyment and perceptions of difficulty after playing.  	  

 There were some important differences in the experience of SURGE players—presented 

as most of the findings discussed above. The findings indicate that higher and lower posttest 

scorers had very different experiences—the higher scorers enjoyed their experience more, and it 

resulted in more learning. Gamers might (but do not always) play differently than other players. 

Self perceptions, progress in the game, attunement to game dynamics (what players noticed in 
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the game), and of course, learning and engagement, are some of the ways that the experience 

differed for these participants. The differences in player experience were mostly visible through 

their talk—not their game actions. Some players articulated their excitement, while other 

expressed frustration and dread of complex levels. Their talk indicated that they had particular 

self perceptions in relation to the game and the mechanics content.  

Implications and Future Work 

 I want to continue to investigate the complex relationships between self perception and 

learning, especially within different gender and socioeconomic roles. In this study, I did not 

collect information about racial diversity or socioeconomic status. I also did not collect gender 

information for all participants. In the future, I want to investigate how the emerging patterns 

presented here manifest in relation to these groups. For example, I want to understand whether 

self perceptions and feelings of competence are more important for success in lower SES 

students.   

 Additionally, I want to understand how those familiar with gaming see games differently, 

and how to design affordances within games to leverage those attunements—making the 

affordances more visible to non gamers, lessoning frustration and increasing learning from 

educational games. In order to do this, I’d like to collect information on the types of games that 

participants play, in addition to their number of hours of game play per week. It may be possible 

that particular genres of games, like role playing games, fighting games, simulation games, or 

immersive games, may contribute to those gamer’s perception of the affordances of a new game. 

I believe that information—understanding what gamers are attuned to when they’re learning a 

new game—will allow for better game design for non-gamers. 
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runs, including management of all data collection and storage. 
 
Data Collection Lead, Digital Literacy Summer Camp �  Summer 2011 
This summer camp was part of a grant called Grinding New Lenses—a collaboration among 
Indiana University (led by Dr. Melissa Gresalfi and Dr. Kylie Peppler), the MacArthur 
Foundation’s Digital Media and Learning (DML) Initiative, the Institute of Play, DePaul 
University, and the National Writing Project (NWP) held at DePaul University in Chicago. 
Responsibilities included training and supervision of videographers, and management of all data 
collection 
 
ARX Design Team Facilitator, Vanderbilt University �  2013-2014 
The National Science Foundation has funded our work looking into consequential feedback in 
games. As such, we are taking Birds and Other Flying Machines and redesigning/updating the 
game for the ARX platform. In doing so, I have reconceptualized the dialogue and narrative, as



well as prototyping and sharing mock-ups (through sketching or Photoshop) with the design 
team. 

CONFERENCE PROCEEDINGS & PRESENTATION SKILLS 
* Published proceedings 
Barnes, J. (February 2014). Game Designers’ Discourse Through Multimodal Data. Presentation 

at the Ethnographic and Qualitative Research Conference. Las Vegas, NV. (Presenter) 
 
Gresalfi, M.S., Barnes, J. (July 2012). Consequential Feedback [in Immersive Videogame 

Narratives] as a Means of Supporting Student Engagement and Understanding. Paper 
presented at the International Conference of the Learning Sciences. Sydney, New South 
Wales, Australia. (Presenter) * 

 
Gresalfi, M.S., Barnes, J. (July 2012). Understanding Mathematical Engagement: How Teachers 

and Classroom Norms Impact What It Means To Do Math. Paper presented in a 
symposium at the International Conference of the Learning Sciences. Sydney, New South 
Wales, Australia. (Presenter) * 

 
Gresalfi, M.S., Barnes, J. (April 2012). Activity as Joint Accomplishment: Examining 

Engagement Through the Lens of Ecological Psychology. Paper presented at the 
American Educational Research Association Annual Conference. Vancouver, British 
Columbia, Canada. (Co-Presenter) 

 
Gresalfi, M.S., Barnes, J. (May 2011). Designing for Consequential Engagement: The Role of 

Push-Back on Student Thinking.  Paper presented at the American Educational Research 
Association Annual Conference, New Orleans, LA. 

 
Gresalfi, M.S., Barnes, J., & Pettyjohn, P. (April 2011). Why Video Games Are Not Teacher-

Proof: The Central Role of the Teacher When Using New Technologies in the Classroom. 
Paper presented at the American Educational Research Association Annual Conference, 
New Orleans, LA. (awarded Media, Culture & Curriculum SIG Best Empirical Paper) 

 
Gresalfi, M., & Barnes, J. (April 2010). Setting Expectations: Competence as Opportunities to 

Engage. Paper presented at the Research Pre-session of the annual meeting of the 
National Council of Teachers of Mathematics, San Diego, CA, United States. 

 
Barnes, J. (2011). Creativity as Intercontextuality in Mathematics Education. Research poster 

presented at the National Council of Mathematics Teachers Annual Conference, 
Indianapolis, Indiana. (Presenter) 

 
Barnes, J., Gresalfi, M.S. (2010). Morality & Meaning: Learning Content by Negotiating Moral 

Tensions Within Immersive Games. Research poster presented at Games, Learning, 
Society Conference, Madison, Wisconsin. (Presenter) 

PUBLICATIONS/WRITING 
Clark, D. B., Virk, S., Sengupta, P., Brady, C., Martinez-Garza, M., Krinks, K., Killingsworth, 

S., Kinnebrew, J., Biswas, G., Barnes, J., Minstrell, J., Nelson, B., Slack, K., & 



D’Angelo, C.  (in press). SURGE’s evolution deeper into formal representations: The 
siren’s call of popular game-play mechanics. International Journal of Designs for 
Learning. 

 
Gresalfi, M., Barnes, J. (2015) Designing Feedback in an Immersive Videogame: Supporting 

Student Mathematical Engagement. Educational Technology Research and Development.  
 
Gresalfi, M., Barnes, J., Cross, D. (2012). When does an opportunity become an opportunity? 

Unpacking classroom practice through the lens of ecological psychology. Research in 
Mathematics Education, Educational Studies in Mathematics Special Issue.  

 
Gresalfi, M.S., Barnes, J.L., & Pettyjohn, P. (2011). Why videogames are not teacher-proof: The 

central role of the teacher when using new technologies in the classroom. In G. Vincenti 
& J. Braman (Eds.), Multi-User Virtual Environments for the Classroom: Practical 
Approaches to Teaching in Virtual Worlds (pp. 267-284). Hershey, PA: Information 
Science Reference. 

 
TEACHING EXPERIENCE 
SAVY Camp Teacher, University School of Nashville �  Summer 2013 
I taught the “Gaming the System” videogame design and systems thinking elective in the 
Nashville summer camp for rising 3rd and 4th grade students. We used the platform 
gamestarmechanic.com, and discussed the nature of interconnection in games while designing 
“The easiest game in the world”, “The hardest game in the world”, “A game designed around an 
avatar”, and “A game designed around an enemy” 
 
Associate Instructor of P251 Educational Psychology �  2012-2013 
An undergraduate course for future teachers of elementary grades. Responsibilities included 
course planning, preparing lectures and activities for class and teaching duties. For one semester, 
the students participated in a class blog, which can be found at p251.blogspot.com 
 
Associate Instructor of P254 Educational Psychology �  2011-2012 
An undergraduate course for future teachers of art, music, choir, band, P.E., or language. 
Responsibilities included preparing lectures and activities for class and teaching duties. One 
semester of this course was taught entirely online. For that section, the students participated in a 
class blog, which can be found at p254.blogspot.com 
  

CREATIVE DESIGN EXPERIENCE 
Crytojungle: A mission designed in the immersive videogame Quest Atlantis (2009).  
The immersive experience teaches coordinate plotting through the context of archeology and 
navigation of a magical island. Questers are introduced to the narrative of a lost archeologist, 
and in the search for him, encounter various situations that require the use of plotting 



coordinates, locations, or transposing an image across a plane (the beach) using a grid. I 
designed the game through conception to construction of dialogue pages, 3d artifact placement, 
and implementation. 
 
Birds and Other Flying Machines: A mission designed in the immersive videogame Quest 
Atlantis (2010).  
The immersive experience is based upon (and created to compare with) the Jasper Woodbury 
video series title Adventure at Boone’s Meadow. The Questers are informed an endangered 
eagle has been shot in a meadow that is not accessible by roads. After interacting in the 
immersive world, and finding the pilot of an Ultralight Flying Machine, they use mathematical 
knowledge in complex trip planning to save the eagle by the quickest and most efficient method. 
In this mission, questers are encouraged to revise their plan in multiple iterations, trying again 
after viewing the narrative consequences of their choices (crashing the plan, running out of gas, 
survival, injury, or death of the eagle). I designed the game through conception to construction 
of dialogue pages, 3d artifact placement, and implementation. 
 
ARX Birds and Other Flying Machines (New title TBD): A game redesigned through the 
Atlantis Remixed platform (2013-2014). 
 This version of the game is updated in both graphics and narrative, and was designed to 
investigate different types and timing of consequential feedback within the game. My role was to 
communicate the reconception of the game, including revised dialogue and prototyping, and 
ongoing communication with the ARX design team in relation to learning outcomes and game 
elements. 

SERVICE 
Reviewer, International Conference of the Learning Sciences (ICLS), Boulder, Colorado, 2014 
Student Representative to the Faculty, Learning Sciences Graduate Student Association, 2012-
2013 
Reviewer, International Conference of the Learning Sciences (ICLS), Vancouver, Canada, 2012 
Reviewer, Games, Learning, & Society Conference, Madison, Wisconsin, 2010 
Reviewer, Indiana University Instructional Systems Technology Conference, 2010 
Representative, Learning Sciences, IU School of Education Graduate Student Organization 
(2010-2012) 
Representative, Counseling and Educational Psychology, IU Graduate and Professional Student 
Organization (2010-2011)  
Teaching assistant, P251 Educational Psychology, Pat Pettyjohn, Indiana University, 
Bloomington (Spring 2011) 
 
 

 


