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ABSTRACT 

 

 
 In this study, I examined group differences in performance between video game players 

(VGPs) and non-video game players (NVGPs) on the complex learning task “Space Fortress”. 

The primary goal of this investigation was to identify transfer from previous video game 

experiences and training on differing versions of the target task as well as the significant 

predictors of increased Space Fortress performance that may explain VGP/NVGP differences. 

Forty VGPs who reported playing video games for over 10 hours per week and 40 NVGPs who 

reported fewer than 1 hour of video game play were recruited from a community in the 

southeastern United States. Twenty of each group were assigned to play the 10 three-minute 

games of the traditional joystick version of Space Fortress first, and 20 were assigned to play 10 

three-minute games of the keyboard version first; followed by 10 three-minute games of the 

alternate controller type. After receiving game instructions, all players were evaluated on their 

rule-knowledge before playing Space Fortress. After completing the two 30-minute blocks of 

Space Fortress, players were given a questionnaire about their video game experiences. 

 Large differences in attained videogame scores between VGPs and NVGPs were discovered 

(Cohen’s d = 0.87). There was a reliable 3-way interaction between controller type and task 

order F (1, 836.55) = 5.13, p < 0.05. The VGP advantage was largest on the keyboard version of 

the task when they received the keyboard task first, suggesting that gamers could be scaffolding 

their skills when presented with a familiar controller first. While the VGP advantage was not 

large at the initial presentation of the task, VGPs improved significantly faster than NVGPs, 

especially on the keyboard version of the task. 

 Once these skill differences were identified, I conducted post-hoc analyses to specify the 

areas of greatest advantages. In addition to an analysis of the game-produced subscores which 

suggested differences in priorities throughout training, I examined differences in performance on 

a Space Fortress rules quiz. There were significant differences in performance between VGPs 

and NVGPs on quiz performance, t (78) = -2.85; p < .01. Regression analyses revealed robust 

effects of quiz performance on Space Fortress scores, t (73) = 4.39, p < .001, effects that were 

similar in magnitude of the VGP effects but did not appear to mediate the VGP/NVGP 

differences on Space Fortress performance. 
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 There were also large differences between VGPs and NVGPs (Cohen’s ds between 0.86 to 

1.91) on the types of video game activities they had engaged in, these differences were found to 

be unrelated to Space Fortress performance when controlling for other critical factors. I also 

discuss the potential effects of gender and other variables on Space Fortress performance. 

 In conclusion, I found that there are robust differences between VGPs and NVGPs on Space 

Fortress performance. However, these differences are highly related to the controller used, which 

controller is trained first, and by shifts in how VGPs prioritized aspects of the game. The transfer 

differences between conditions, especially for gamers, suggests that there are significant effects 

of prior experience and knowledge in the acquisition of a new cognitive skill, but these 

differences are difficult to describe given the large qualitative differences in the types of 

experiences that VGPs have cultivated. Future studies should analyze verbal reports and other 

process tracing data to better understand the specific nature of the mediating mechanisms and 

carefully design experimental manipulations to interfere with the acquired cognitive 

mechanisms, thus completing the last step in the expert-performance approach, and paving the 

way for a better understanding of how the approach can be used to better describe early skill 

acquisition. 
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CHAPTER 1 

 
INTRODUCTION 

 
Despite enormous increases in our understanding of skill, learning, and expertise over the 

past 50 years, a comprehensive account of skill acquisition that explains individual differences in 

performance at both low and high levels of skill remains elusive. One of the largest gaps in our 

understanding of skill concerns the disconnect between theories that seek primarily to explain 

learning over relatively short durations (Ackerman, 1987; 1990; 1992) and those that explain 

more advanced skill acquisition over the course of years and decades (i.e., expertise) (Ericsson, 

Krampe, & Tesch-Römer, 1993; Ericsson, 1996). While investigations using laboratory 

paradigms designed to be mastered in a matter of minutes or hours have often pointed to 

individual differences in supposedly stable generalizable abilities such as general intelligence, 

perceptual speed, and psychomotor ability as primary predictors of individual differences in 

acquired skill (Ackerman, 1987; 1990), studies examining longer acquisition periods have found 

no such connections and have instead emphasized the role of domain relevant practice activities 

and the development of specific cognitive and biological structures that support performance 

independently of generalized abilities (Ericsson et al., 1993; Ericsson, 2014). At the root of these 

discrepancies are fundamental questions about the nature of transfer of acquired skills. Among 

relatively naïve participants, the individual differences tradition necessarily emphasizes transfer 

of performance on general ability measures to a variety of domains which are thought to involve 

the specified ability. The expert-performance framework, in contrast, suggests that any 

discovered transfer between two tasks can be traced to mediating cognitive and physiological 

mechanisms that are acquired because of experience, or in the case of expertise, deliberate 

practice (Ericsson, 2006). 

Ericsson and colleagues (Ericsson, 2006; Ericsson et al., 1993, Ericsson & Lehmann, 

1996) have suggested that high levels of skill develop through extended engagement in 

challenging, domain-related practice activities that they call deliberate practice. Critically, these 

deliberate practice activities are associated with the development of domain-specific cognitive 

and physiological mechanisms that support performance. These acquired mechanisms have been 

found to be narrow in scope and are largely associated with performance improvements within 
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the individual domain. This domain-specificity has been demonstrated across several areas and 

under a wide variety of conditions (Ericsson, et al., 1982; Ericsson & Lehmann, 1996). High 

levels of skill are often associated with more specificity and less transfer-of-training to other 

domains, but correlations between performance on cognitive measures and skill have been found 

in relatively short training paradigms, there remains a significant need to explain how specific 

cognitive representations within a domain are associated with specific improvements on transfer 

tasks of interest. 

Additionally, critical questions remain about the specific nature of early learning on a 

complex controlled task and how initial mental representations of the task and the cognitive 

structures that support early performance change to the types of structures that have been 

documented extensively in expertise research. What exactly do individuals do when they 

approach a new complex task? How does their early performance and the associated cognitive 

representations change during their initial experiences? Are there individual differences in the 

types of strategies and representations that individuals bring to the table when encountering a 

new task? The answers to these questions are essential for gaining a complete understanding of 

the progression of skill from early encounters with a task to high levels of performance. If we are 

to have a comprehensive account of skill development, it is necessary to document the point at 

which, if at all, early representations of a task are changing to more sophisticated, domain-

specific representations that have been shown in domains such as chess and music (Chase & 

Simon, 1973; Ericsson & Lehmann, 1996). 

 
The Question of Transfer 

 
The work on expertise and skill acquisition concerns the extent to which transfer-of-

training occurs following skill acquisition on a complex task. The concept of generalizable 

cognitive skills touches almost every area of cognitive research. Basic questions in this study 

involve the role of transfer in the acquisition of a complex skill (i.e., learning). Discovering the 

conditions under which transfer of training is likely promises to answer important theoretical 

questions about the structure of individuals’ skill. While researchers examining learning on 

simple tasks have found some evidence for transfer such as working memory training improving 

performance on measures of fluid intelligence (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008), 
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others who have focused on longer periods of skill acquisition have failed do demonstrate robust 

effects of generalizable abilities on ultimate skill acquisition (see Ericsson, 2014).  

In this study, I looked at several potential transfer effects, transfer of previous gaming 

experience to a new complex gaming environment, transfer of rule knowledge to task execution, 

and transfer of learning in one controller to another. Each of these transfer questions addresses 

important theoretical questions. For example, what role does previous experience in related 

domains play when acquiring skill on a novel task? If transfer between these previous 

experiences and performance is discovered, does it primarily affect initial performance or one’s 

ability to improve? Additionally, little attention has been paid to the specific mechanisms of 

transfer. For example, in the video game training literature, researchers have sometimes 

demonstrated that video game players (VGPs) (those who play more than 5–7 hours of video 

games per week) are significantly better at some cognitive tasks when compared with non-video 

game players (NVGPs) (those who play fewer than 3 hours per week) (Green & Bavelier, 2003). 

It is unclear whether this advantage represents a general cognitive advantage, whether it is the 

result of participants’ beliefs about the benefits of video game playing (Boot, Simons, Stothart, 

& Stutts, 2013), a stable subject variable, or differences in attention or understanding regarding 

the novel task parameters. 

However, the evidence from training paradigms is much more mixed with some studies 

suggesting robust improvements (Green & Bavelier, 2003; 2007) in performance on basic 

cognitive skills and others suggesting a lack of reliable transfer (Boot, Kramer, Simons, Fabiani 

& Gratton, 2008). While there is incredible interest in finding tasks that demonstrate robust 

transfer once trained, such a task has not been found and recent reviews have cast serious doubt 

on the positive evidence. In a comprehensive review Simons, et al. (2016) found that there was 

little to no evidence of far transfer of training from brain training games. An impasse remains, 

then, on why such robust differences seem to be found between VGPs and NVGPs, but 

differences are often not found when training NVGPs for 10–30 hours. 

The most obvious explanation is that the differences represent subject variables and that 

individuals with higher levels of functioning on these key cognitive tasks would be more likely 

to take up action video games and thus would be over-represented among VGPs than NVGPs. 

Another explanation is that VGPs have certain expectations about the types of benefits that 

researchers would expect from extensive video game play. Therefore, if they know that they are 
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being recruited because they play lots of video games, they might be altering their behavior to 

conform to the expectations of the experimenter. Finally, it is possible that the types of cognitive 

differences seen between VGPs and NVGPs take months and years to emerge, and not minutes 

and hours. Without clear description of the structure of performance on both the action video 

games that these individuals play as well as the cognitive tasks that are improved because of their 

extensive experience, it is unlikely that a satisfactory explanation will emerge. 

Recent research (Towne, Ericsson, & Sumner, 2014) has suggested that one way to 

reconcile these disparate claims regarding transfer of video game skill is to apply the 

methodology of the expert-performance approach to try to understand more fully the 

mechanisms of skill in both domains. By specifying the cognitive mechanisms related to 

performance improvement, one is put in a better position to make specific predictions about the 

nature and extent of skill transfer. The expert-performance approach contrasts sharply with the 

traditional psychometric approaches of the individual differences tradition, and a firm 

understanding of these differences and how they allow us to supplement what we have learned 

from individual differences research to pinpoint the mechanism of transfer is essential for 

moving forward in our understanding of task improvement and transfer. 

 
Transfer of Training and Video Games 

 
In 1901 Edward Thorndike and his colleague conducted a series of studies where 

participants were trained to estimate the area of rectangles. Once sufficient improvement was 

attained on the primary task, the researchers asked them to estimate the shape of an additional set 

of shapes. They concluded that “The function of estimating areas is really a function-group, 

varying according to the data (shape, size, etc.).” This was one of the earliest studies 

demonstrating the concept of domain specificity; that training on one task does not often lead to 

performance increases on other tasks, even when those tasks seem to be superficially similar. 

Since this early work, there have been significant efforts to uncover conditions where broad 

transfer can be identified. More specifically, researchers are interested in how general cognitive 

skills could potentially be trained to foster improvement in many different areas (Jaeggi et al., 

2008). 

Later, Gick and Holyoak (1983) defined transfer as “the degree to which prior 

performance of a task (the training task) affects performance on a second task (the transfer task) 
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that varies in similarity to the training task.” Researchers interested in cognitive transfer have 

often discussed transfer in “near” and “far” terms. Near transfer referring to tasks that share 

many similar elements to the trained task such as surface structure, rule sets, or control schemes. 

Far transfer refers to tasks which may theoretically share structural similarities or underlying 

demands on cognitive or physiological resources but do not appear to be related to the trained 

task. One of the simplest examples of near transfer would be transfer of performance on a given 

task from time 1 to later performance at time 2. In this case, correlations between events are 

often robust, given that they occur reasonably close together. 

Some researchers have attempted to explain transfer in terms of similar features. For 

example, Gick and Holyoak (1983) describe transfer in the context of schema induction. They 

propose that when faced with a transfer problem where analogies to previously solved problems 

can be made, participants who induce higher quality schemas show advantages on transfer 

problems. They also show that analogous aspects of two problems are not always spontaneously 

noticed and that it generally requires the presentation of two or more problems with analogous 

structures for the schema to be induced. This model explains transfer performance on analogous 

word problems well (Gick & Holyoak, 1983) but there are few examples of these types of 

structurally analogous tasks among those domains that are interesting to learning researchers. 

John Anderson’s ACT-R model, which has been used to simulate Space Fortress 

performance relies on acquiring productions—if-then rules—acquired through experience. 

(Anderson, 1982; Anderson et al., 2011). Utilizing this model, transfer would rely on 

successfully applying acquired productions to problems encountered in the new domain. 

Utilizing declarative knowledge, one would be able to identify primitive features of the tasks that 

are shared. These features would fit within some set of proposed production rules to facilitate 

transfer of skill. 

One of the most exciting new areas of research on transfer-of-training concerns the 

potential effect that video games may have on cognitive abilities. Researchers have shown that 

VGPs have advantages over NVGPs on performance on some cognitive tasks (Bavelier & Green, 

2003; Bavelier, Green, Pouget, & Schrater, 2012; Boot et al., 2008; Feng et al., 2007). Video 

games are especially interesting because they are highly motivating for many people and are 

widely used. Therefore, there is intense interest in identifying the “active ingredient” in video 

game play that predicts transfer to performance in other domains.  
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Bavelier et al. (2012) argue that transfer effects in action video game play can be best 

conceptualized as “learning to learn”, and that VGPs primarily derive their advantages in three 

ways. First, VGPs are better able than NVGPs to manage attentional resources to optimally adapt 

to the transfer task demands. The second and third concepts are related in that they propose that 

VGPs are better equipped to organize task-relevant information into retrievable organizational 

structures, and that they possess more efficient learning algorithms to “modify the 

representations in ways that are aligned with the nature of the problems to be solved.” Bavelier et 

al. give reasonable explanations for transfer-of-training which are broadly compatible with 

theories of expert knowledge structures (Chase & Simon, 1973; Chase & Ericsson, 1982; 

Ericsson & Kintsch, 1995) that suggest that experts have specially acquired cognitive structures 

that help them to reliably and efficiently store and retrieve task-relevant information. How these 

structures might facilitate far transfer has not been explored in video game research but remains 

a promising direction. 

One general issue with video game research is that VGP advantages discovered in cross-

sectional research is not always discovered when novices are trained for relatively short 

durations (See Boot et al., 2008). Bavelier and colleagues (2012) argue that “Action video game 

play enhances the spatial and temporal resolution of vision as well as its sensitivity” (emphasis 

added), but causal claims about transfer cannot be confirmed by their associative methodology. 

That is not to say that the results are not interesting, and Bavelier et al. (2012) do acknowledge 

that such results are not strictly causal, though their language on the topic often implies 

directional effects. The strength of the research is that there is a concerted effort to specify the 

brain differences between VGPs and NVGPs that may offer more proximal descriptions of 

observed skill differences on measures of cognitive skills. To bridge the gap between the transfer 

effects discovered in cross-sectional studies with the failure to reliably demonstrate such effects 

in longitudinal designs, a continued emphasis on identifying the specific cognitive and 

behavioral differences between VGPs and NVGPs is necessary. 

Despite these shortcomings, there have been a couple of influential findings regarding the 

potential for video games to affect performance on tasks that are critical in the “real world”. For 

example, Gopher, Weil, & Bareket (1994) found that Israeli pilots who played 10 hours of Space 

Fortress performed significantly better on instructor ratings for the eight initial flights with a jet 

fighter. They explained these discovered benefits by suggesting that Space Fortress was either 
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directly increasing attentional control or more indirectly, influencing pilots’ search for attentional 

strategies. This type of far transfer, if replicable, begs important questions about the trainability 

of general cognitive functions and whether training on Space Fortress affects these more general 

abilities or if the effect is more specific. 

 
Differences between the Expert-Performance and Individual Differences Approaches 

 
Early investigations of skill acquisition relied on the assumption that skill progresses in a 

predictable pattern from disjointed, error prone, and effortful productions towards error-free 

automaticity (Fitts & Posner, 1967). This model proposes an individual learns the parameters for 

a task and implements a set of productions, those productions are refined over the course of 

training until automaticity is achieved. What starts as error-prone and cognitively taxing 

performance evolves into accurate and seemingly effortless execution of domain-relevant 

behaviors. This model implies that the specific structure of skill is qualitatively similar 

throughout training and that participants are simply refining the productions learned early in 

training instead of changing the fundamental ways in which they are approaching domain-

relevant skills.  

 The assumption that the structure of skill is homogenous after an early “rule acquisition” 

phase is important for understanding the individual differences approach. If each person in a 

group of individuals is performing a skill with the same structure, yet individual differences in 

objective performance persist, these differences require an explanation. Researchers have 

suggested that the best explanation for these observed skill acquisition differences can be 

accounted for by variation in relatively stable, immutable, and presumably heritable traits such as 

working memory capacity, intelligence, or psychomotor ability (Detterman, 2014). Under these 

assumptions, a reasonable way to test this hypothesis is to test large groups of individuals and 

correlate their performances on a target task with performance on tests of general ability that 

researchers predict to be related to skill acquisition (Ackerman, 1987). One major issue with this 

approach, however, is that the structure of individuals’ skill within each group may be so 

different that aggregating their scores to obtain correlations may be inappropriate until the 

homogeneity of their cognitive structures is confirmed through careful process tracing (Towne, 

Boot, & Ericsson, 2016). For example, Ericsson et al. (2004) showed that the memorist Rajan 

developed sophisticated mnemonics for memorizing digits to achieve exceptional levels of 
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performance memorizing the mathematical constant pi. Rajan was engaging in a fundamentally 

different process than those with normal ranges of digit memory. It would be inappropriate to 

aggregate his performance with individuals who were not using a similar mnemonic device 

because the structure of his performance is drastically different (Ericsson et al., 2004). 

 While the individual differences methodology can address the issue of average relationships 

between two or more tasks, it does not always specify the specific behavioral and cognitive 

changes associated within increases in skill at both the individual and group levels. It also rarely 

provides an adequate explanation for discovered transfer besides the assumption of basic 

underlying neurological processes or efficiencies and does not address the issue how one would 

nurture an individual’s improvement within a domain. 

 The expert-performance approach contrasts with the individual differences approach because 

it works backwards from an observed performance or set of performances to understand the 

factors that differentiate the individual from others (Ericsson & Smith, 1991). The first step in 

the expert-performance approach is to identify objectively superior performance. That is, 

performance that is reproducible under standard conditions. For example, a transcription typist 

could produce a standard passage and be compared with other typists (Keith & Ericsson, 2007). 

A musician could play a piece and be compared via blind playback to other musicians by expert 

raters (Ericsson et al., 1993). The second step in the expert-performance approach is to 

understand the structure of the individuals’ skill; how individuals can execute domain-critical 

behaviors. This is often accomplished through process-tracing methods such as detailed 

behavioral analysis or verbal report protocols and subsequent experimental interventions 

designed to interfere with the discovered structures (Ericsson, Chase, & Faloon, 1982; Ericsson, 

Weaver, Delaney, & Mahadevan; 2004). Finally, the last step of the expert-performance 

approach is to trace the development of the structures discovered in step two by examining 

relevant experiences, behaviors, or stable individual differences in immutable traits.  

 Traditionally, the expert-performance approach has focused on identifying individuals or 

small sets of individuals who demonstrate reproducibly exceptional performance. This approach 

directly contrasts with individual differences research who often recruit large groups of 

participants demonstrating a wide range of skill from novice to beginner to expert. By limiting 

investigations to only those individuals who demonstrate reliably superior performance, the 
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expert-performance framework allows researchers to identify large skill effects as well as 

qualitative and quantitative differences in the cognitive structures that mediate such large effects.  

 
Differences in the Theoretical Accounts of Skill Acquisition 

 
The expert-performance and individual differences approaches not only differ in terms of 

their methodology but each approach has also led to different conclusions about the basic nature 

of skill acquisition, learning, and expertise. Researchers utilizing the individual differences 

approach to examine early learning processes have often found relations between performance 

on general ability measures of memory, intelligence, and perceptual ability, to name a few 

(Ackerman, 1987; Detterman, 2014). They propose that these relationships between task 

performances suggest a role of immutable cognitive or physiological differences that place clear 

limits on an individual’s ultimate level of attainment. Expert-performance research, however, has 

generally found that when examining high-level achievers within a domain, their performance 

and cognitive structures are not related to domain-general abilities but results instead from 

acquired domain-specific cognitive and physical structures (Charness, Reingold, Pomplun, & 

Stampe, 2001; Ericsson et al., 1993; Ericsson, 1996; Ericsson, 2014). 

 The individual differences approach resulted from a tradition of research which emphasized 

the role of general capacities. In 1967 Fitts and Posner published their influential account of skill 

acquisition which suggested a progression from slow and effortful performance to automaticity. 

This model implied that early performance is cognitively taxing and dependent primarily on 

abilities such as memory and intelligence. Later automatic performance would be codified in 

stimulus-response mappings that would be related to individual differences in abilities such as 

psychomotor speed. These implications were formalized later in Ackerman’s (1987; 1992) work 

suggesting that as performance progressed through the cognitive, associative, and automatic 

phases—based on Fitts & Posner’s model—that performance was related to general intelligence, 

perceptual speed, and psychomotor ability respectively. Ackerman qualified his predictions by 

proposing that performance is only automated for tasks which are consistently mapped such that 

appropriate stimulus/response productions could conceivably be automated. 

 The primary theoretical disagreement between researchers from the individual difference 

perspective and those using the expert-performance approach concerns the extent to which 

laboratory research on tasks that can be mastered in a matter of minutes or hours can be extended 
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to performance acquired across years and decades, and to what extent the findings of studies 

aggregating the performance of large groups of people map on to the development of the 

individual performer. Beginning with Chase and Simon’s (1973) studies of chess performance, 

research using expert populations has found that expertise is associated with the development of 

highly specialized cognitive and physiological structures that support performance. For example, 

skilled chess players can quickly and accurately recall an entire chessboard from memory after a 

presentation of only 5 seconds (Chase & Simon, 1973). Typists can overcome basic reaction time 

limitations by looking ahead in a passage to prepare efficient letter combination productions 

(Keith & Ericsson, 2007; Salthouse, 1984). Memorists create elaborate memory encodings to 

expand their memory capacity tremendously (Ericsson, et al., 1982; Ericsson, Weaver, Delaney, 

& Mahadevan, 2004). What is especially interesting and important is that novices within these 

domains utilize categorically different cognitive processes such as rote memorization and these 

processes could explain why novice performance in a domain such as chess is related to 

performance on intelligence tests, for example.  

 These disparate approaches have developed relatively independently and have, in many 

ways, addressed fundamentally different questions about human psychology. However, as the 

field has progressed, it is becoming increasingly necessary to reconcile these two traditions if we 

are to settle on a comprehensive theory of skill acquisition that applies to early and late skill 

acquisition as well as explaining group and individual skill development trajectories. The 

resolution of these disparities has implications for a wide range of empirical issues and gathering 

a complete understanding of how early acquired skill translates to later expertise is essential for 

identifying traits, experiences, and/or behaviors that are necessary to achieve high levels of skill 

and transfer.  

 
Using the Expert-Performance Approach to Examine Early Learning 

 
The expert performance approach was formalized by Ericsson & Smith (1991) based on 

an existing body of literature and deGroot’s (1978) seminal work with master chess players, that 

sought to examine the performance of those who had already achieved very high levels of 

performance within their selected domain. By examining these exceptional individuals, and 

attempting to outline the specific abilities that differentiated them from their less-skilled 

counterparts, researchers could use large skill effects to narrow down the list of possible 
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mediators of such skill differences. After all, if differences in intelligence, memory, or 

perception were not discovered using such extreme samples, how could they be expected to play 

a role in the longitudinal development of skill among individual performers? By recruiting 

experts and looking for the factors that differentiate them from novices, researchers have found 

that expertise is associated, not with superior generalized abilities that allows one to develop 

“overnight” but rather with intense and focused deliberate practice that takes place across years 

and decades. 

 The fact that high levels of skill take so long to develop creates problems for researchers 

interested in understanding the trajectory of skill acquisition and learning from early introduction 

to a domain to ultimate expertise. When researchers recruit individuals who have already 

achieved high levels, they must work backwards to understand the behaviors and experiences 

that led them to develop such skills. When researchers recruit novices, there is no guarantee that 

they will develop high levels of skill and it is often practically difficult to follow a group of 

novice performers longitudinally as they develop, especially given that only a very small 

percentage of them are likely achieve levels of performance that could be considered expertise 

(Ackerman, 2014).  

 In this study, I recruited a sample of individuals who have pertinent previous experiences that 

I predict will give them an advantage over a control group when introduced to a novel task, the 

Space Fortress game. By examining the differences between these two extreme groups, I hope to 

uncover the cognitive structures that mediate individual differences discovered in other designs 

with much more homogenous groups. Using the expert-performance approach, it is possible to 

not only identify the behavioral and cognitive differences between high and low performers but 

also to experimentally manipulate the conditions of the task to interfere with the discovered 

mechanisms of their advantage. 

 
Gaming Performance as a Model for Early Learning 

 
Video games are widespread now, initially becoming popular during the rise of arcades in 

the 1980s. Then, skill researchers were much more interested in domains such as chess where the 

parameters of the game were well-known and individual differences in skill level were easily 

identifiable. One of the strengths of using the expert-performance approach is that one starts by 

identifying superior performers and then tries to understand the structure of their performance 
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through process tracing methods and careful experimental manipulation. This also requires 

careful task analysis to understand what constitutes superior performance. In chess, computer 

programs allow researchers to quantify the “best move” for a given position and thus players’ 

(and research participants’) choices can be compared to a gold standard. This type of standard 

does not exist for many video games and thus task analyses and standard comparisons between 

VGPs are often difficult. 

  The need for a standard task which was complex enough to allow sufficient learning, 

motivating to participants, and well-understood enough to draw clear scientific conclusions lead 

to the development of the Space Fortress game in the late 1980s. This task was designed to allow 

many different laboratories to study the learning processes of participants during performance of 

a complex game that was modeled after some of the popular arcade games of the time (Donchin, 

1989). Several demanding cognitive tasks are embedded within the Space Fortress game, these 

tasks require memory resources, psychomotor ability, problem solving, and strategy generation. 

What makes Space Fortress unique is that the game parameters are carefully designed and all 

aspects of the game are well known so that specific behavioral aspects of participants’ 

performances are identifiable and can be extracted for analysis. 

 
Assessing Specific Cognitive Structures Associated with Video Game Play 

 
One of the larger issues within the gaming and individual difference literature is that 

researchers do not always identify the specific behaviors and cognitions associated with a given 

performance on target tasks. In memory—for example—It is possible to assess the working 

memory span of two individual participants and find that one participant has a digit-span which 

is 50% larger than the other. It is tempting to attribute such an advantage to generalizable 

cognitive efficiency or other stable individual difference. However, it is possible to use detailed 

behavioral data and process data such as verbal reports of participants’ thoughts to identify the 

more specific structures of memory. Studies who have examined the specific structures 

mediating memorists’ superior performance have found that it is the result of specific strategies 

acquired over long periods of deliberate practice (Ericsson et al., 2004; Hu, Ericsson, Yang, & 

Lu, 2009). Even more importantly, this research has been used to inform the training of naïve 

participants such that they could achieve very high levels of performance by utilizing similar 

strategies that experts were using (Ericsson et al., 1982). 
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  For gaming to gain a larger foothold in expertise research, it must be possible to assess 

mediating cognitive structures in a way that is akin to the existing research in domains such as 

chess, music, and memory. Process data such as verbal reports provide an ideal methodology for 

assessing these structures but they must be compared with more objective behavioral data to be 

useful. Commercial video games are difficult to analyze because they provide very large problem 

spaces and game experiences are highly variable. Additionally, few commercial games are 

designed to store players’ behavioral data for later analysis. The Space Fortress task provides an 

ideal arena in which to test the processes associated with early learning on a complex task. Since 

it was designed by cognitive scientists, it has a relatively small set of parameters, allowing 

behaviors to be easily assessed after a players’ performance (Boot et al., 2016; Towne et al., 

2016). Furthermore, verbal reports can be easily collected during performance and compared 

with corresponding behavior to uncover the structure of participants’ performance and ultimately 

the factors that give rise to any discovered individual differences in skill. 

 One recent study of Space Fortress by Day, Arthur, & Gettman (2006) examined the role of 

“knowledge structures” in Space Fortress play. They define such structures as being 

“distinguished from declarative knowledge. Knowledge structures represent the organization of 

knowledge” and not the “knowledge or facts learned”. They demonstrated that the Space Fortress 

knowledge structures that they assessed in the study were significantly predictive of performance 

on Space Fortress during training, after a retention interval, and under keyboard-controller 

transfer conditions. Interestingly, they measured these knowledge structures at the end of training 

so they were well equipped to draw conclusions about differences between skilled and unskilled 

participants but not change over time. They argue that “given the specialized nature of SF, the 

need for a pretest is less critical”. This leaves questions regarding how pre-existing knowledge 

structures that apply across domains may explain individual differences in early performance. 

One important component of this project is the expectation of large VGP advantages on Space 

Fortress which, if discovered, would suggest fundamental differences in the way that the game is 

being represented, even before the start of training with Space Fortress. 

Another important issue concerns the appropriateness of assuming Space Fortress total 

score is a true interval scale. In a recent study, Towne et al. (2016) examined the performance of 

an exceptional Space Fortress player from the data collected Boot et al. (2010); “Participant 17”. 

The authors carefully examined the structure of Participant 17’s performance on Space Fortress 
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and contrasted the discovered behaviors with the behaviors demonstrated by relatively poor 

performers. The most important difference that was found between the expert player and average 

or poor players was that Participant 17 was engaging in qualitatively different behaviors than the 

other, low performing, participants.  

These qualitative differences outline the how difficult it is to evaluate behavior with 

simple quantitative score measures because the behaviors that are associated with improvement 

at high levels of skill are often different from the behaviors that improve behavior at low levels 

of skill. In the context of Space Fortress, players might primarily improve their score from -2000 

points to -1000 points by improving their control of the ship. However, players above 4000 

points typically have adequate control of the ship (where they are maximizing control score), and 

are making improvements primarily to their performance by focusing on those aspects of the 

game that increase the points subscore such as destroying the fortress more efficiently, and 

increasing missile fire accuracy (Towne et al., 2016). While an interval scale is often used to 

meet the assumptions of statistical analysis, there is a clear argument for identifying specific 

behaviors that can be described in such detail that they can be regenerated and modelled. 

Unfortunately, such analyses are often time and resource intensive, and thus, differences between 

game-generated subscores must be used to identify good candidate differences for further, in-

depth, behavioral analysis. The expert-performance approach provides the best opportunity for 

researchers to assess these types of behaviors and offer clear suggestions for improving the 

performance of a novice. 

 
Tracing the Developmental Trajectory of Video Game Performance 

 
Researchers have utilized two approaches to assessing gaming experience, both with 

unique challenges for gaining a comprehensive understanding of individuals’ pertinent past 

activities and experiences. The first approach is to exclude VGPs altogether based on often 

simple criteria that they report spending little time playing video games (Boot et al., 2008; Green 

& Bavelier, 2006a; Green & Bavelier, 2006b). These participants are often referred to as 

NVGPs, and are often playing fewer than 3 hours of video games per week. This approach can 

oversimplify in some cases because it does not account for previous experiences that may affect 

the cognitive structures associated with understanding and performance on a novel game or task. 

For example, someone who has accumulated thousands of hours of video game experience in 
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their youth may have begun engaging in different activities later in life, nevertheless these types 

of accumulated experiences have the potential to affect future encounters with game-like tasks 

(Hartanto, Toh, & Yang, 2016). Additionally, there could be significant differences between an 

individual who plays no video games and one who plays 2.5 hours per week of video games in 

terms of acquired skills and cognitive representations. 

 The second approach used in video game training research is to train NVGP’s on action 

video games for 20–50 hours, and look for differences in performance on transfer tasks that are 

predicted to relate to the trained abilities. When training group differences are discovered, they 

are often assumed to represent stable changes in the basic abilities that mediate performance on 

both tasks. However, in these types of designs, there are significant concerns about demand 

characteristics and participants’ blindness to training condition. It is unsurprising that these short 

training paradigms showing significant effects of action video game play have come under some 

recent scrutiny (Boot, Blakely, & Simons, 2011). Some research shows that the discovered 

benefits of different types of games seem to be correlated to individuals’ expectations about what 

kind of benefits they might obtain from playing a given genre of game (players expect Tetris to 

yield spatial ability benefits, for example) (Boot et al., 2013).  

 One common omission from these types of studies is the assessment of the type and extent of 

previous gaming experience of each of the participants. This assessment is difficult, though, 

because of the varied nature of gaming. Even within game genres there are drastic differences in 

the structure, cognitive and physical demands, and layout of games. This experience contrasts 

with domains such as chess where virtually all chess gameplay takes place under similar 

conditions and rules and chess rankings can be taken as a reasonable predictor of the outcome of 

an individual tournament game (De Groot, 1978).  

One possible solution would be to account for all gaming activities that were focused on 

improving performance in a way that is consistent with the expert-performance framework 

(Ericsson et al., 1993). However, many of the research questions in the gaming and learning 

literature make specific claims about the advantages that one can expect from playing different 

genres of games. For example, individuals who play more action video games such as first-

person shooters might see gains in useful field of view whereas Tetris players might see transfer 

to spatial reasoning tasks (Boot et al., 2013; Green & Bavelier, 2006a). It is necessary to assess 



16 

engagement in a wide variety of video games and understand the extent of players’ involvement 

in those games.  

Another complicating issue is that much of video game play is casual and would not 

involve teachers or coaches designing specific activities to improve VGPs’ performance. While 

there are clearly activities that players engage in to improve their performance (because there are 

individual differences in acquired skill), very few of these activities could be considered 

“deliberate practice,” and at the very least gaming “practice” is far more variable than serious 

study in domains such as chess where there are well known practice techniques and coaches who 

are involved in designing beneficial activities. 

There is a significant need, then, for an inventory of pertinent activities in gaming that is 

comparable to the well-established inventories in domains such as music and chess, while taking 

the heterogeneous nature of gaming experiences into account. The goal of the first study is to 

arrange a reliable inventory of experiences that predict objective gaming skill and gaming 

achievement such as tournament wins or VGPs’ competitive rating within a game. The focus of 

this survey is not only to assess the amount of time devoted to pertinent experiences but also the 

breadth and depth of their involvement. I hope to assess these time-in-domain factors as well as 

the nature of their gaming history, what types and how many games they play, when they began 

gaming, and their gaming achievement. I believe that showing that one can obtain reliable 

estimates of these parameters is an essential first step for composing a valid inventory of gaming 

experience.  

 
Statement of the Problem 

 
The primary goal of this study is to better understand the nature of individual differences 

in skill acquisition on complex laboratory tasks. Specifically, by recruiting a group of VGPs and 

comparing their performance on the novel Space Fortress task with NVGPs, I hope to replicate 

the VGP advantage found in other studies of cognitive transfer. Furthermore, I intend to 

investigate whether one could trace the specific structure of VGP’s behavior across early 

experience on Space Fortress and contrast that structure with NVGP’s behavior. This is the first 

proposed study to use aspects of the expert-performance approach to examine groups of 

individuals during early learning on a novel task to try to understand differences in their 

performance in terms of acquired behaviors and cognitive mechanisms instead of differences in 
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stable abilities. Previous studies have aggregated relatively large groups of individuals’ outcome 

scores and correlated those scores with performance on cognitive transfer tasks and have been 

successful at finding conditions under which average training gains can be optimized. Previous 

studies of Space Fortress have typically used NVGPs and randomly assigned them to differing 

training condition. By specifically recruiting individuals who have qualitatively different 

characteristics, I hope to a) maximize observed group differences in performance and b) examine 

large skill effects and the associated differences in behavior and cognition. This design is unique 

because it targets conditions which are likely to yield largest large skill effects to examinee early 

learning on a complex task within and between each group without the need to train different 

groups for extended periods of time. By setting up a situation that allows for these large skill 

differences, I worked backwards from observed differences using the guidelines of the expert-

performance approach to attempt to understand the structural differences that mediate the effects. 

This study also lays a foundation for objectively assessing the experiences of VGPs that 

are relevant to their current video game performance as well as for transfer to novel tasks. While 

there has been an enormous increase in interest in video game skill in research, no studies that I 

am currently aware of have attempted to comprehensively assess a range of behaviors that would 

be potentially associated with VGP performance. This has been difficult in part because VGP 

skill is difficult to operationalize and so researchers have often relied on rough estimates of 

gaming experience.  
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CHAPTER 2 

 

A STUDY OF TRANSFER IN SPACE FORTRESS 

 
 

Despite the large amount of information that we have learned from our continued studies 

of individual performers on the Space Fortress task, several theoretical and empirical issues 

remain. The first is that it is necessary to extend the findings from these limited individuals to 

include a broader sample. It is also important to cultivate a better understanding of the factors 

that predict initial performance on Space Fortress. In previous research, little has been uncovered 

about the individual performers and their experiences that could explain individual differences in 

initial performance and learning. Finally, there remains the significant question of transfer-of-

training and how differences in the acquired cognitive structures predict individual differences in 

transfer on different tasks.  

 Most video game training studies and Space Fortress studies have used populations of 

NVGPs. NVGPs are recruited primarily to reduce variability in the resulting data and perhaps to 

limit ceiling effects. Because of this recruitment strategy, little is known about how skilled VGPs 

would perform on the Space Fortress task. A large body of cross-sectional research suggests that 

frequent VGPs, particularly action VGPs, show advantages in a variety of cognitive 

measurements such as visual selective attention (Green & Bavelier, 2003) and processing speed 

(Dye, Green, & Bavelier, 2009). However, longitudinal training designs reveal a much more 

mixed pattern of results. Some researchers claim that relatively short durations of action video 

game training can elicit significant cognitive advantages, while others point to the potentially 

confounding roles of high-demand characteristics, experimenter bias, and other design flaws in 

these types of training studies (Boot et al., 2011; Boot, et al., 2013). In any case, the finding that 

VGPs who have accumulated orders of magnitude more experience than NVGPs who have been 

trained for 20–30 hours show advantages in transfer tasks is well established. The mechanisms 

responsible for this VGP advantage, however, are not well understood.  

One of the critical differences between the expert-performance approach and the 

individual differences approach is the emphasis on identifying individuals who are performing at 

a reliably superior level. In this study, I will seek to contrast two groups of individuals which 
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differ in terms of their previous experiences with similar tasks; VGPs and NVGPs. I will have 

them perform in the Space Fortress environment under two different controller modalities which 

have been counterbalanced to look for transfer effects. Finally, I will attempt to better understand 

the structure of their cognitive advantages by collecting pertinent data on their gaming 

background, understanding of the rules, and other specific behavioral measures from within the 

Space Fortress task environment. 

 
 

Methods 

 
 
Participants 

 
 Eighty participants were recruited from the local community in Tallahassee, Florida. Flyers 

were placed around the Florida State University campus, in businesses, on bulletin boards around 

the community, and in digital format on community-specific online forums. The advertisement 

for the study was worded such that individuals of a variety of video game experience levels were 

invited to participate, including those who had no video game experience at all (see Appendix 

A). Participants were reimbursed $15.00 per hour for their participation in the study. Participant 

age ranged from 18–24 years with an average of 19.85 years (SD = 1.71 years). Thirty-two 

participants were female (40%) and 48 were male (60%). All participants had completed at least 

a high-school degree prior to their participation. 

 
Recruitment Process 

 
All participants were screened for eligibility prior to being admitted into the study. 

Participants were asked to fill out a brief questionnaire that assessed their previous gaming 

history (See Appendix A). This questionnaire was administered online through the Qualtrics 

platform (Qualtrics, Provo, UT). Two-hundred and forty people completed a stand-alone version 

of the screening survey in response to posted advertisements for the study, another 1,655 people 

completed the screener as part of a mass-screening of general psychology students conducted by 

the University’s Department of Psychology. Therefore, 4.2% of the total number of participants 

screened ultimately participated in the study. Participants were contacted as NVGPs if they 

reported playing video games for fewer than 1 hour per week (although most reported no 
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gameplay) or they were recruited as VGPs if they played competitively online, in tournaments, 

or against other local players and totaled more than 10 hours of gameplay in the previous week. 

Many of the competitive players reported playing in organized tournaments for prizes. 

Participants who reported moderate levels of video game experience (3–10 hours) or those who 

reported playing amounts that would be impossible or improbable (e.g., more than 120 hours per 

week) were not contacted. While participants were likely to know that they were being recruited 

because the study involved video games, they were not told any details about the tasks in the 

study or that they were being recruited as “Video game players” specifically. Only those 

participants who responded to follow-up contact participated. 

 
Video Game Player (VGP) and Non-Video Game Player (NVGP) Characteristics 

 
 Studies of VGPs have traditionally recruited participants that report playing video games 

fewer than 3 hours per week as NVGPs and those who play greater than 5 hours as VGPs, for 

example (Green & Bavelier, 2007). There is a fair amount of variability in the thresholds for 

consideration as a NVGP or VGP. In this study, the goal was to contrast the performance of 

those with virtually no video game playing experience and those with extensive video game 

experience. The 40 NVGPs in our group averaged just 0.73 hours of video game play over the 2 

weeks prior to their participation (SD = 1.9 hours). A 2-week timeframe was used because 

gameplay behaviors would be more reliably estimated across a short—recent period when 

compared to an estimate that included the past six months to one year. Thirty-one of the 40 

NVGP participants reported playing 0 hours of video games across the past 2 weeks. None of the 

NVGPs reported any gaming achievements or that they played competitively in any capacity 

(e.g., tournaments, online matches, etc.). In contrast, the average VGP reported playing 39.5 

hours of video games across the two weeks before their participation (SD = 28.6) with a range of 

5 hours to 115 hours. NVGPs were a relatively representative of the area population (i.e., Florida 

State University) 65% female and 35% male. The VGP group was 12.5% female and 87.5% 

male. Additionally, VGPs were slightly older (M = 20.3 years; SD = 1.6 years) compared with 

NVGPs (M = 19.4 years; SD = 1.7 years). 
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Apparatuses 

 
Space Fortress Rules Quiz. While previous Space Fortress studies have utilized a 

multiple-choice format to assess participant understanding of the game parameters (Boot et al., 

2010), the current study used a comprehensive recall test which quantifies the extent of rule 

understanding under free-response conditions (See Appendix C). This quiz consisted of 25 short 

answer recall items that assessed knowledge of all important parameters that contribute to the 

game-generated subscores including points, control, speed, and velocity. Accuracy was measured 

for each subscore component questions as well as for the overall quiz. Blank answers were coded 

as incorrect. 

 
Space Fortress Strategy Generation Items. The strategy generation inventory was 

imbedded within the Space Fortress rules quiz and assessed participants’ ability to generate 

initial strategies to disentangle the effect of generating the appropriate strategy from being able 

to execute the chosen strategy. Additionally, following the first block of games they were asked 

to generate strategies for the game that included the alternate controller method 

(joystick/keyboard).  

 
Verbal Report Instructions. Participants were asked to read text aloud which was 

presented on the computer screen. This text contained information for giving verbal reports 

consistent with Ericsson and Simon’s (1980) descriptions (See Fox, Ericsson, & Best, 2011a, for 

a review, and Fox, Ericsson, & Best, 2011b, for detailed instructions). After a description of how 

to give concurrent verbal reports, participants were given a series of practice problems for which 

they would be asked to give verbal reports of their thoughts. Participants were given feedback 

regarding the quality and appropriateness of their reports before proceeding to the Space Fortress 

Game. 

 
The Space Fortress Game. Space Fortress is a complex game that requires the 

simultaneous production of many different skills (see Mané & Donchin, 1989; Shebilske et al., 

2005). Briefly, players are required to pilot a ship through a frictionless 2-dimensional space 

using a Logitech Attack 3 Joystick. The main goal of each 3-minute game is to shoot and destroy 

the “Space Fortress” located in the middle of the screen while minimizing the number of times 

your ship is destroyed by the fortress and mines (see Figure 1). In addition to destroying the 
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fortress and avoiding being hit by the fortress’ missiles and mines, there are secondary tasks such 

as collecting bonuses and destroying mines. Total Score is comprised of the sum of four 

subscores: points, control, velocity and speed. Points is based on many factors including the 

damage inflicted on the fortress, damage taken by the ship, number of missiles remaining, points 

bonuses acquired, and destruction of mines. The control score increases when the ship is located 

inside the large and small hexagons, participants lose control points by piloting the ship outside 

of the hexagons or “entering hyperspace” outside of the game boundaries and wrapping around 

to the other side of the screen. The speed score is based on the efficiency with which mines are 

handled. Velocity points are awarded for maintaining slow ship movement.  

 

 

 

Figure 1. Shows the Space Fortress Game environment. Adapted from “Understanding the 
structure of skill through a detailed analysis of individuals’ performance on the Space Fortress 
game” by T. J. Towne, W. R. Boot, & K. A. Ericsson, 2016, Acta Psychologica, 169, 27–37. 

 
 

The Keyboard-Controlled Space Fortress Game. The most difficult aspect of the game 

is controlling the ship. Traditionally, the game is controlled using a joystick where pushing the 

joystick forward applies a thrust to the ship, left rotates the player’s ship counterclockwise, and 
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right rotates the ship clockwise. Critically, the ship can only be slowed by applying a thrust in 

the direction opposite of the current vector. In this study, I was interested in how changing the 

controller would affect performance and transfer. To this end, a joystick emulator program, 

PPJOY (http://www.zophar.net/joy/ppjoy.html) was used to map keyboard buttons to each of the 

joystick functions. For this study the number pad was used, “4” rotated the ship counter-

clockwise, “6” rotated clockwise, “8” thrusted, and “ENTER” fired missiles. All participants 

were made aware of the mappings before playing the keyboard version of the game and the 

controls were pressed with their left hand. 

 

Gaming History Questionnaire. Participants completed a gaming history questionnaire 

designed to better understand their pertinent experiences (see Appendix B). The questionnaire 

assessed variables such as starting age, extent of engagement, levels of achievement, and current 

involvement in gaming activities. While this would ideally be analogous to the interviews 

conducted in previous studies of expertise (Ericsson et al., 1993), gaming behavior is much less 

structured and thus it is unlikely that one would be able to acquire reliable estimates of a players’ 

year-to-year history therefore I focused on objectively answerable questions that were likely to 

elicit reasonably reliable answers. 

 
Procedure and Design 

 
The current study is a 2x2x2x20 design with video game player status (VGP/NVGP), and 

task presentation order (joystick first/keyboard first) as between-groups factors and task 

controller (joystick version/keyboard version) and game number (1–20) as within-subject factors. 

Participants were assigned to VGP or NVGP groups based on their responses to the video game 

history screening survey and their status was confirmed by the video game history inventory 

administered during the study. Participants within each gaming group were then randomly 

assigned to joystick-first or keyboard-first conditions. 

After obtaining informed consent, participants were given instructions for thinking aloud 

(Ericsson & Simon, 1980) followed by two instructional videos detailing the rules of Space 

Fortress (Boot et al., 2010). The first video is approximately 16 minutes in length and covers all 

the rules and procedures important for successful execution of the game, including the optimal 

strategy of circling the fortress clockwise while firing at the fortress. Additionally, participants 
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received a second 4-minute video summary of the rules and procedures. Immediately following 

these instructions, participants were given the Space Fortress rules quiz and strategy inventory. 

After the verbal report instructions, instructional videos, and game quiz, participants 

played 2 blocks of 10 three-minute games each (1-hour total). Participants played one block 

using the traditional joystick control and one block using the keyboard control. Half of the 

participants played the joystick version first and half of participants played the keyboard version 

first. Participants were offered frequent breaks although most participants claimed that they did 

not need a break. Participants were prompted to give concurrent reports during every game. 

Previous studies have suggested that verbal reporting does not have a significant effect on 

accuracy of performance in the Space Fortress game and other tasks in-general (Boot et al., 

2016; Fox, et al., 2011). Finally, participants filled out a gaming questionnaire that assessed their 

previous gaming experience including the types of games they have played, their gaming 

achievement, and how often they play under various conditions (e.g., competitively/casually). 

The total amount of time required for each participant to complete the entire study was 

approximately 2 hours. 

 
 

Results 

 

 
Plan for Analysis 

 
In this section I will outline the plan for assessing the extent of transfer between the 

various important conditions in this study. The general goal of this outlined approach is to 

evaluate skill differences that a) test the important hypotheses proposed in the introduction and 

b) allow me to apply the expert-performance approach and work backwards to propose specific 

behavioral differences performance. Therefore, I will start with the most general level of analysis 

and identify areas with the major significant effects of videogame experience before analyzing 

more specific mechanisms that might mediate effects of differences in videogame experience 

such as subscores or specific behaviors such as performance on the Space Fortress rules quiz.  
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Space Fortress performance 

 

To assess the primary hypothesis that VGPs would outperform NVGPs on Space 

Fortress, I conducted a repeated measures ANOVA (Maxwell & Delaney, 2004) assessing the 

main effects of VGP status as well as the main effects for condition, controller, and the 

interactions with VGP status. I am interested, not only if gamers have a general advantage on the 

task but also if their advantage is greater under different conditions. I then conducted a more in-

depth analysis of the behaviors associated with differences in performance due to differences in 

videogame experience such as players’ subscores, and knowledge of the game parameters. 

 
Space Fortress rule knowledge 

 
 The secondary goal of this study was to outline the nature of the effects of videogame 

experience on participants’ organization of game-relevant information—before they even have 

direct experience of the Space Fortress game. All participants were tested directly after 

instructional Space Fortress videos with a quiz consisted of twenty-five recall items designed to 

test their knowledge. I describe basic characteristics of quiz performance, including overall 

performance, reliability, and finally, group differences between VGPs and NVGPs. I 

hypothesized that VGPs would have more effectively understood, memorized, and recalled the 

appropriate game rules and that the difference in performance on the game quiz would give them 

an advantage on the rules quiz. To better understand how rule knowledge mediates performance 

on Space Fortress, I will conduct a hierarchical multiple regression to see if VGP status, 

condition, or controller explains additional variability in addition to performance on the rules 

quiz. 

 

The role of video game history 

 

 To elaborate on the specific advantages that gamers may have on Space Fortress, I 

catalogued differences among gamers in the types of videogame experiences that they report 

having prior to the study. For example, the age at which players first got involved in video game 

play, how often they play video games, and the number of games and consoles they have owned. 

The goal of these analyses is to more directly tie players’ Space Fortress behavior to 

performance experiences where those behaviors—and cognitions—could have been learned. 
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General Characteristics of Participants’ Space Fortress Performance 

 
For the first part of this analyses, I will focus on performance on the overall performance 

on the traditional joystick version of the game which is most comparable with previous studies 

(e.g., Boot et al., 2010, Lee et al., 2012) as well as aggregate performance on the keyboard 

version. I will then contrast the performance of VGPs and NVGPs in the following section. 

In general, the average scores across all trials in each condition in this study align closely 

with previous data covering approximately the same training period, although the scores are 

slightly lower than the pre-training performance of participants in Boot et al. (2010). This could 

be because the Boot et al. (2010) sample received a brief experience with the game during brain 

imaging prior to a 24-game pre-testing phase. There was no statistically reliable difference 

between aggregate Total Score (across 10 games) of the Joystick-first/Joystick controller group 

and the comparable performance in Boot et al. (2010), M = -2118 (SD = 1435), t (77) = 1.51, p = 

.14. In the current sample. Total Score was low but increased reliably throughout training with a 

significant difference between the average Total Score across the first three games and the final 

three games across all conditions. A paired samples t-test revealed significant improvement for 

both the joystick task, t (79) = -8.62, p < .001, and the keyboard task, t (79) = 9.71, p < .001. All 

the individual subscores also reliably improved (all ps < .001). 

 

Table 1. 

Grand Mean Total Scores for Each Task Order Condition and Controller 

   95% CI 

Controller  First Task M (SD)  LL UL 

Joystick  
Joystick 

 
-2571 (1232) 

 
-2953 

 
-2189 

Keyboard -1275 (2011) -1898 -652 

Keyboard  
Joystick 

 
-1547 (1619) 

 
-2049 

 
-1045 

Keyboard -1313 (1735) -1851 -775 

Note. n = 40 
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Contrasting the Performance of VGPs and NVGPs 

 
One of the primary interests in this study concerned the potential advantages that VGPs 

would have over NVGPs on Space Fortress. To assess these advantages, I conducted 

independent samples t-tests separately for the joystick and keyboard controller modalities. There 

were significant differences between VGPs and NVGPs on average total score when using the 

joystick controller (averaged across all 10 games), t (78) = -3.90, p < .001. VGPs were also 

significantly better on the keyboard version of the game, t (78) = -5.47, p < .001. Further 

analyses to test whether the VGP advantage was consistent across conditions and controller were 

conducted. A repeated-measures ANOVA (Maxell & Delaney, 2004) was conducted with game 

number (chronologically coded 1–20) as the repeated factor and fixed effects of VGP status, task 

order condition, and controller, the 2-way interactions between each factor and VGP status and 

the 3-way interaction between VGP status, task order, and task controller. Intercept and the log-

transformed game number were entered as random effects.  

 

Table 2. 

Repeated Measures ANOVA Fixed Effects on Participants’ Total Score 

Effect Total Score 

 
F p 

Intercept 482.07 (1, 83.07) 0.000 

Game Number (log) 93.98 (1, 93.98) 0.000 

VGP Status 14.98 (1, 83.37) 0.000 

Task Order 1.80 (1, 83.37) 0.183 

Controller  225.93 (1, 836.55) 0.000 

VGP Status x Task Order 0.41 (1, 83.37) 0.524 

VGP Status x Controller 65.01 (1, 836.55) 0.001 

Task Order x Controller 31.85 (1, 694.89) 0.001 

VGP Status x Task Order x Controller 5.13 (1, 836.55) 0.024 

 

Results of the analysis are presented in Table 2. The most important result is that there is 

a significant 3-way interaction among VGP status, task order, and task controller suggesting that 
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the largest difference between VGPs and NVGPs is on the keyboard version of the game when 

they receive the keyboard version first. The effect of the 3-way interaction is small relative to the 

other effects presented, but the 2-way interaction between VGP status and controller shows a 

robust advantage for VGPs on the keyboard version of the task. 

 

Table 3.  
 
Post-hoc Independent Samples t-tests of VGP/NVGP Differences in Total Score Across Games  

1–3 (Early) and 8–10 (Late). 

   

Non-Gamer Gamer  

M SD M SD t (38) p 

Joystick First Games  

Joystick 
Controller 

1–3 -3375 614 -2953 1122 -1.48 .148 

8–10 -2601 1589 -1593 1530 -2.04 .048 

Keyboard 
Controller 

1–3 -2410 1610 -972 2028 -2.48 .018 

8–10 -1670 1701 -202 2196 -2.36 .023 

Keyboard First 

Joystick 
Controller 

1–3 -2786 1284 -1180 1344 -3.86 .000 

8–10 -2110 1410 -358 1485 -3.82 .000 

Keyboard 
Controller 

1–3 -2796 1170 -1175 1154 -4.41 .000 

8–10 -2088 1670  678 1506 -5.50 .000 

Note. Bold probability values are significant at the Bonferroni-corrected p < .006 level 

  

To clarify differences between VGPs and NVGPs, I conducted post-hoc t-tests of the mean 

differences during early (games 1-3) and late (games 8-10) phases of Space Fortress play (see 

Table 3). A Bonferroni correction for multiple comparisons yielded a p-value of 0.006 to reach 

statistical significance. While many of the differences in the “joystick first” condition were 

statistically significant at the traditional p < .05 level, only the “keyboard first” conditions 

yielded significant results at the corrected threshold with the strongest effects being found on the 

keyboard version of the game when it was received first. This nature and magnitude of these 

effects are further clarified in Figure 2 but to summarize, VGPs have a large advantage on the 
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keyboard task when they receive it first and a relatively smaller advantage on the keyboard task 

when they receive it as the second task. The VGP advantage on the joystick version of the task is 

comparatively moderate. VGPs who play the keyboard version of the game first, have a larger 

advantage on the joystick version of the game when compared with those who received the 

joystick version first suggesting that there is transfer from the keyboard version to the joystick 

version for but the transfer effect from the joystick controller is much smaller. Additionally, this 

differential transfer effect is more pronounced for VGPs. 

 

 

Figure 2. Improvement on game-generated total score for each task order and each 
controller. The vertical line indicates the transition to the other controller. 
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Further Investigation into the Mechanism of the VGP Advantage 

 
In the previous section, analyses showed reliable differences on overall Space Fortress 

performance between VGPs and NVGPs. These advantages were more pronounced under the 

condition where they received the keyboard task first and although skill differences were largest 

on the keyboard task when they played it first, getting the keyboard controller condition first also 

seemed to be associated with increases on the joystick version of the task. This contrasts with the 

condition where players received the joystick version first and their subsequent performance on 

the keyboard task was lower than when the keyboard task was presented without prior 

experience. This 3-way interaction between VGP status, task order, and controller raises 

important questions about the mechanisms that mediate the observed VGP differences. In this 

section I will examine at the condition with the largest VGP skill effects (keyboard 

task/keyboard first) to understand where differences are arising in a first step on the way to 

discovering the potential mechanisms of transfer to the joystick version of the game. 

 
 

Table 4. 
 
Repeated Measures ANOVA Showing the Effect of VGP Status, Phase, 

and the 2-Way Interaction on Space Fortress Subscores. 

 F (1, 38) p 

VGP Status 

     Points 
     Velocity 
     Control 
     Speed 

 
21.82 
11.51 
20.26 
7.73 

 
0.000 
0.002 
0.000 
0.008 

Phase 

     Points 
     Velocity 
     Control 
     Speed 

 
47.55 
19.53 
13.46 
74.91 

 
0.000 
0.000 
0.001 
0.000 

VGP x Phase Interaction 

     Points 
     Velocity 
     Control 
     Speed 

 
0.23 
21.06 
5.96 
9.20 

 
0.634 
0.000 
0.020 
0.004 

 
 
One of the most interesting aspects of the keyboard first condition is that there is a 

sizeable VGP difference at the beginning of training. In fact, VGPs obtained a total score 1,216 
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points better (-2949 versus -4165) on the first 3 games of the keyboard controller version when 

they received it first. This advantage was continued throughout training and even increased 

slightly to 1,467 points (-2471 versus -3938) on the last 3 games averaged. A repeated measures 

ANOVA was conducted for each game-generated subscore to examine the individual effect of 

VGP status with game phase (games 1–3 versus games 8–10) as the repeated measure. The 

results are presented in Table 4. All the subscores showed highly reliable main effects of VGP 

status and phase which shows that VGPs were superior to NVGPs on each of the subscores and 

that performance improved over time. However, the interaction between VGP status and game 

phase was significant in all subscores except for points where NVGPs made similar gains across 

training. In all the other subscores, VGPs made large improvements while NVGP performance 

remained relatively flat. 

 

Figure 3. Subscores for both VGPs and NVGPs during games 1–3 (early) and games 8–10 
(late) training on the keyboard controller version of Space Fortress, in the keyboard first 
condition. 
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Figure 3 shows the differing priorities of VGPs and NVGPS during early and late phases 

of Space Fortress play. Interestingly, VGPs and NVGPs had similar slopes of improvement on 

the points subscore but the VGPS had a significantly higher intercept. Every other subscore 

showed a significant interaction between VGP status and Phase suggesting that VGPs could 

improve their score more than VGPs for all the subscores but Points. The largest effect being for 

the velocity subscore. In other words, the data suggest that VGPs and NVPs were placing similar 

emphasis on increasing the Points Subscore, but VGPs were improving at the other aspects of the 

task at a faster rate, particularly for the Velocity Subscore.  

 

Space Fortress Rules Quiz 

 
The Space Fortress Rules quiz was graded for accuracy. Each response was marked with 

either a 0 or 1 depending on whether the participant’s answer matched the answer located in the 

Space Fortress rules manual. Some items that had two parts were divided up and each part of the 

question was graded separately. Finally, the number of correct responses was divided by the 

number of possible correct responses to yield an average for each participant. Averages were 

calculated for 6 categories of understanding: 

1) Knowledge of rules related to obtaining increases in the Points Subscore. (Items 1–10) 

2) Knowledge of rules related to obtaining increases in the Speed Subscore. (Items 11–18) 

3) Knowledge of the game actions that affect the Points Subscore. (Item 25) 

4) Knowledge of the game actions that affect the Speed Subscore. (Item 22) 

5) Knowledge of the game actions that affect the Control Subscore. (Item 24) 

6) Knowledge of the game actions that affect the Velocity Subscore. (Item 23) 

 

The average score for the Points Subscores Rules was 71% (SD = 15%), while the 

average for Speed Subscore Rules Knowledge was only 46% (SD = 24%). For knowledge of the 

appropriate game actions, Participants could recall 44% of the actions related to the points score 

(SD = 27%), 29% of the actions related to the speed score (SD = 46%), 58% of the actions 

related to the velocity score (SD = 50%) and 33% of the actions related to the control score (SD 

= 31%). These results suggest not only a large number of inaccuracies regarding specific 

components of the game rules, but also a low level of game score component recall when 

compared with rules knowledge and a large amount of variability. Overall reliability was 
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acceptable given the novel nature of the assessment (α=.69). For all subsequent analyses, I will 

be referring to an aggregate score on the rules quiz was obtained by averaging the number of 

accurate responses across all the 6 components. The average aggregate performance on the rules 

quiz was 53% with (SD = 16%) 

Table 5.  

Intercorrelations Between Space Fortress Rules Quiz Subcomponents 

 1 2 3 4 5 6 

1. Speed Rules - 0.44** 0.50** 0.27** 0.40** 0.22* 

2. Points Rules  - 0.38** 0.23** 0.25** 0.38** 

3. Speed Knowledge   - 0.31** 0.23** 0.36** 

4. Velocity Knowledge    - 0.31** 0.20* 

5. Control Knowledge     - 0.23** 

6. Points Knowledge      - 
Note. ** p < .01, *p < .05       

 

Next, I analyzed VGP/NVGP differences on aggregate rules quiz performance and found 

significant advantages of the VGP group, t (78) = -2.85; p < .01. In real terms, VGPs were 

performing about 10% better on the rules quiz than NVGPs (49% and 59%) and displayed about 

the same variability (SD = 16% and 15% respectively). The largest differences were in the free 

recall of the game components that contributed to the points score (17%) and the speed score 

(28%) suggesting that VGPs were better able to enumerate the actions that lead to higher scores 

in these areas such as quickly destroying mines and firing missiles at the fortress.  

Participants’ understanding of the basic parameters of Space Fortress is relatively low. 

Several components of the assessment methodology used in this study differ from previous 

studies. The primary difference is that earlier studies used multiple-choice assessments to ensure 

adequate knowledge of the rules. Participants were required to recognize 80% of the answers 

correctly before moving on to the main experimental tasks (Lee et al., 2012). It is possible that at 

least some of the correct answers to the tests administered in the earlier Space Fortress work was 

due to chance and thus the absolute level of participant knowledge is unknown but may have 

been a significant predictor of individual differences in performance. Another critical difference 

is that participants in previous studies were required to reach an 80% threshold on the game rules 
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quiz before continuing, which could contribute to a higher level of rules knowledge due to the 

testing effect on memory (Boot, Personal Communication).  

In the future, a more in-depth task analysis may be useful to uncover the specific 

questions that prove difficult for participants. Additionally, the items on this quiz were graded in 

a binary fashion (correct or incorrect), but there were cases where answers were partially correct 

or when listed time intervals, for example, were inclusive of the correct interval but incorrect. 

For example, the IFF button must be pressed at an interval between 250ms-400ms but some 

participants listed 250ms-450ms as the correct interval and were graded as incorrect. A more 

nuanced assessment of their knowledge may help to better explain individual differences in 

performance. 

 
Predicting Performance with the Space Fortress Rules Quiz 

  
 For the following analyses, Space Fortress performance was aggregated across three blocks 

of 3 games each within each controller. Games 1–3 were coded as “early” games and 8–10 as 

“late” games. I hypothesized that performance on the rules quiz would be reliably related to early 

performance on Space Fortress but as participants learned the rules by playing the game, the 

relationship would decrease over time. Consistent with my hypothesis, I found that there was a 

high correlation between performance on aggregate game quiz performance and overall 

performance on Space Fortress in both task order groups and with both task controller versions 

(See Table 6). 

Table 6. 

Pearson Correlations Between Total Score and Space Fortress Quiz Performance During 

Different Phases of Gameplay. 

Condition Total Early Total Late Total (All Games) 

Joystick Controller – Joystick First 0.59*** 0.62*** 0.64*** 

Joystick Controller – Keyboard First 0.41** 0.42** 0.42** 

Keyboard Controller – Joystick First 0.61*** 0.66*** 0.66*** 

Keyboard Controller – Keyboard First 0.42** 0.47*** 0.46*** 

Note. n = 40. ***p < .005, two-tailed **p < .01, two-tailed. **p < .05, two tailed. 
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Figure 4. Scatterplots of the association between average Space Fortress performance on the 
first 3 games and rules quiz performance for each of the four conditions. 

The results suggest a robust relationship between participants’ performance on the game 

rules quiz and their performance on Space Fortress. This relationship remains significant and 

strong in both early and late phases of the game across controllers and within each of the transfer 

groups. This partially supports my hypothesis that game performance would be related to 

performance on the Space Fortress game itself but the results fail to demonstrate the second part 

of my prediction that participants would develop better rule understanding across training, thus 

reducing the relationship between their quiz performance and game performance. It may be that 

20 games were not enough training for rule understanding to reach ceiling, reducing variability 

and thus the correlation with game performance. 
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To clarify the potential role of game rule knowledge on performance, I conducted a 

regression analysis to predict early performance on the keyboard version of the game where the 

largest skill differences were found. I hypothesized that rule knowledge would partially account 

for the relationship between VGP status and early performance. The regression (see Figure 4 and 

Table 7) shows that VGP status is still highly related to early performance, even when 

controlling for rules quiz performance. There was no interaction between quiz performance and 

VGP status but there was a significant interaction among quiz performance and condition such 

that rule knowledge was more correlated with early performance on the keyboard controller 

version under the joystick-first condition.  

 
 

Table 7.  
 
Regression Analysis Predicting Early Score (Games 1–3) on the Keyboard Version of Space 

Fortress. 

Variable B SE (B) β t 

Condition -147.78 150.88 -0.09 -0.97 

VGP Status 767.11 150.88 0.45*** 5.03 

SF Quiz Average 685.49 154.32 0.40*** 4.39 

Quiz x VGP Status 3.74 154.80 0.00 0.02 

Quiz x Condition -349.55 154.80 -0.20* -2.23 

VGP Status x Condition 46.21 153.03 0.03 0.30 

VGP Status x Condition x Quiz -85.52 157.01 0.05 -0.55 

Note. N = 80, *** p < .001, * p < .05  

There was no significant 3-way interaction between Condition, VGP Status, and Quiz 

Performance. In other words, the Space Fortress quiz predicted performance on Space Fortress 

equally for VGPs and NVGPs. The interaction between condition and quiz performance is more 

difficult to interpret, but the results suggest that knowing the rules is more important for 

increasing total score when playing under the difficult control conditions. This further 

emphasizes the importance of conceptualizing total score as a being comprised of many different 

behaviors. If one is not able to improve their total score by increasing their control of the ship 
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then they may rely on the other aspects of the game to increase their total score (such as 

collecting bonuses or handling mines). 

 
The Role of Previous Video Game Experiences 

 
The analyses presented above clearly demonstrate that VGPs have advantages on many 

aspects of Space Fortress performance as well as advantages in understanding the game rules. 

The expert-performance framework suggests that once large skill differences and a clear 

description of the task parameters that yield these skill differences are identified, one must work 

to understand the pertinent experiences or individual differences that could have given rise to 

such observed skill differences. For this analysis, I collected information about VGPs 

experiences (see Appendix B). In this section, I will explore how these experiences relate to 

VGP/NVGP differences on the keyboard controller version, where the largest skill differences 

were discovered. 

Table 8.  
 
Independent Samples t-tests of VGP/NVGP Differences in key VGP characteristics. 

  

Non-Gamer Gamer  

M SD M SD t (78) p 

Two Week Average 0.73 1.91 39.48 28.63 -8.54 .000 

Consoles Ever Owned 1.53 2.44 5.9 5.30 -4.75 .000 

Games Owned 10.08 24.32 88.93 123.67 -3.96 .000 

First Game Age* 7.85 2.61 5.70 2.32 3.86 .000 

Note. One participant declined to enter an age of first gaming experience and thus there are 
only 77 df for that variable.  

Table 8 shows the differences between VGPs and NVGPs on 4 key gaming behaviors: 1) 

Participants’ estimated hours of video game play over the previous 2 weeks, the number of 

consoles they have ever owned, the number of video games they currently own, and the age at 

which they first played a video game. Analyses revealed large reliable differences between the 

two groups raising important questions about how these variables might potentially mediate the 

skill effects uncovered on Space Fortress. To test this hypothesis, a 2-step hierarchical linear 
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regression was conducted to see if VGP status predicted total score on the keyboard version of 

the game above and beyond the variables listed in Table 7. 

 

Table 9. 
 
Results of Hierarchical Regression Analysis Predicting Total Score on the Keyboard Version 

of Space Fortress. 

Variable B SE (B) β 𝚫R2	

Step 1    0.21** 

     Two Week Average 14.55 7.46 0.22  

     Consoles Ever Owned 61.93 47.37 0.16  

     Games Owned -2.04 2.43 -0.11  

     First Game Age -222.02 81.54 -0.32**  

Step 2    0.11*** 

     Two Week Average -4.30 8.92 -0.07  

     Consoles Ever Owned 14.86 46.45 0.04  

     Games Owned -2.62 2.28 -0.14  

     First Game Age -159.96 78.46 -0.23*  

     VGP Status 1896.47 558.97 0.511***  

Note. n = 80, *** p < .005, ** p < .01, * p < .05 

The analysis revealed that, in the first model, the only significant predictor of 

performance was the age at which participants first played video games. When VGP status was 

added to the model, there was a significant R2 increase F-Change (1, 73) = 11.51, p < .001. Table 

9 displays the results of the analyses. None of the critical differences between VGPs and NVGPs 

were significantly related to performance on the keyboard controller version (which showed the 

largest skill differences). This suggests that these experiences are unrelated to Space Fortress. 

Information was collected on competitive play, NVGPs did not report playing any competitive 

games, and some VGPs did not play competitively, there was no reason to include the variable in 

the model because of significant heterogeneity in the number and quality of reports of 

competitive game experience. 
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Gender and Space Fortress Performance 

 
 Another question that this design introduces is the effect of gender on Space Fortress 

performance. Previous studies of Space Fortress have either held gender constant or matched 

groups with random assignment. In this study, random assignment was not used to differentiate 

VGPs and NVGPs and I did not hold gender constant. This introduces the potential issue that 

females were overrepresented among NVGPs and under-represented among VGPs. While I 

believe that gender is an interesting variable because it is correlated with many other variables 

that might affect Space Fortress performance, gender itself is not the proximal cause of improved 

Space Fortress performance. Furthermore, excluding females (or males) from this study reduces 

the external validity of the findings.  

 
Table 10. 
 
Results of Hierarchical Regression Analysis Predicting Total Score on the Keyboard Version 

of Space Fortress. 

Variable B SE (B) β 𝚫R2	

Step 1    0.28* 

     VGP Status 980.10 179.07 0.527*  

Step 2    0.18* 

     VGP Status 980.10 157.68 0.40*  

     Gender 742.81 158.17 0.40*  

     Gender x VGP Status -253.11 158.67 -0.14  

Note. n = 80, *p < .001. 

However, to attempt to estimate the extent of gender differences on Space Fortress, I 

conducted an additional analysis to check to see if discovered gender differences account for 

VGP skill differences. I constructed a hierarchical linear regression model predicting total score 

(averaged across all 10 games) on the keyboard controller version of the task (where VGP effects 

were largest) with gender and VGP status as well as the interaction. I discovered that while there 

are significant gender effects on Space Fortress total score above and beyond VGP status, VGP 

status was still a larger predictor of performance and there was no interaction between VGP 

status and gender (see Table 10) 
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Summary and Discussion 

 

 Recent work (Boot et al., 2016; Towne et al., 2016) has suggested that detailed analyses of 

Space Fortress performance will allow us to better understand not only how we can better 

conceptualize improvement on the task itself but also transfer of previous experiences to Space 

Fortress and transfer from Space Fortress training to other domains. The authors suggested that 

the expert-performance approach could be used within the context of the Space Fortress game to 

reveal important clues about the specific nature of individual participants’ performance. 

Examining individuals and small sets of participants showed that there are qualitative differences 

between more and less skilled participants in terms of their behaviors during execution of Space 

Fortress. This study extended that previous work using a known-groups paradigm to find large 

skill differences and then attempt to understand those differences by working backwards from 

the observed skill. 

 The primary goal of this study was to specify the conditions under which large skill 

differences in Space Fortress performance could be identified. I recruited VGPs who reported 

playing video games more than 10 hours per week and NVGPs who reported playing virtually no 

video games. Consistent with my hypotheses, I demonstrated that VGPs have an overall 

advantage on Space Fortress. However, these differences were not as large under the conditions 

usually played under in the Space Fortress literature, namely on the joystick version of the game, 

as they were when playing the keyboard version. Additionally, I found that there were significant 

differences between groups and conditions in terms of the amount of transfer from the first 

encountered task to the second. 

 Perhaps the most striking result was that the VGP advantage was not pervasive and 

generalizable as would be predicted by individual difference accounts of skilled performance. 

For example, VGPs and NVGPs had statistically similar intercepts on the joystick version of the 

game. The data presented here suggests that the VGP advantage is significantly moderated by the 

task controller, and interestingly, the order in which the task is received. VGPs performed 

significantly better on the joystick version of the game when they received the keyboard version 

first. 

 The second goal of the study was to try to explain discovered VGP advantages in terms of 

acquired mechanisms. Knowledge and organization of Space Fortress rules seemed like a 
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promising avenue for investigation. Previous studies had linked Space Fortress rule knowledge 

to performance (Day et al., 2001), but they have not demonstrated that such advantages in 

knowledge structure organization can explain group differences between more and less skill 

participants. In this study, I demonstrated that performance on the Space Fortress rules quiz 

relatively poor, VGPs outperformed NVGPs on the rules quiz, and performance on the rules quiz 

significantly predicted performance on Space Fortress, however the variance predicted was 

largely independent of the variance predicted by VGP status. This suggests that the role of 

overall rule knowledge operates independently of VGP status to predict overall Space Fortress 

performance. 

 Lastly, to attempt to shed light on the role of previous video game experiences, I looked at 

how previous game experiences may predict the VGP advantages on Space Fortress. I looked at 

4 key variables that assessed the seriousness with which VGPs engaged in video game activities. 

I found that while VGPs differed from NVGPs on these key variables. The only variable that 

significantly predicted Space Fortress performance was the age at which VGPs began playing 

video games. In fact, video game players reported their first video game experiences as being 

two years before NVGPs. Given that the average age of participants was just 19.84 years, this 

represents a significant advantage. There is some evidence that age of onset in gaming can have 

significant effects on cognitive abilities such as task switching (Hartanto et al., 2016). Although 

it is unclear whether a VGP task switching advantage exists in this data, it is possible that 

increased performance on task switching measures accounts for the difference in Space Fortress 

performance among those that began their video game experiences earlier in life. 

 There are potentially other variables that could affect individuals’ performance on Space 

Fortress. For example, handedness has been suggested by some research to be related to 

performance on measures that require bilateral hemispheric interaction (Cherbuin & Brinkman, 

2006). While this research suggests interesting effects of brain activity and performance on 

simple cognitive tasks for left-handed participants, it does not specifically assess video game 

skill. It seems possible that left-handed players could have an advantage on joystick controller 

but to confound my results they would need to be overrepresented among gamers and I am 

unaware of any empirical work to suggest that VGPs are more likely to seriously play video 

games. Handedness has often been controlled in video game studies at the expense of 
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generalizability but there is no evidence from Space Fortress or otherwise that left-handed 

players perform differently from right-handed players. 

 Another potentially important factor is motivation. It is possible that VGPs are more 

motivated by the game-like qualities and the challenging situations integrated within Space 

Fortress. While Space Fortress was designed to be more globally appealing, there are almost 

certainly individual differences in how engaging different individuals find the game to be. 

However, motivation is notoriously difficult to define and measure because often, motivation is 

described by achievement. If one achieves more than another, they are assumed to be more 

motivated and visa-versa. Defining motivation independently from performance is an interesting 

direction but ultimately, it is more appealing to examine the behaviors that motivation influence 

such as attention, rehearsal, and fatigue. If one could identify the aspects of a task that are 

associated with increases in these types of behaviors and subsequent increases in the skills that 

they would be associated with, one is in a better position to make claims about the role of task 

engagement as well as changing the tasks in ways to increase motivation and engagement. 

 In the Introduction, I contrasted the expert-performance approach with the individual 

differences approach. The latter seeks to explain individual differences in task performance by 

correlating observed aggregate scores with measures of general cognition. The expert-

performance approach works the other way by first identifying individuals or groups of 

individuals that demonstrate reliably superior performance. The approach then carefully 

examines specific behavior and mental processes to understand how the structure of experts’ 

performance is fundamentally different from the performance of novices. 
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CHAPTER 3 

 
 

GENERAL DISCUSSION 
 
 
 This is the first comprehensive examination of Space Fortress performance differences 

between VGPs and NVGPs while assessing specific hypotheses about transfer from one 

controller to another. While previous studies have collected similar numbers of participants 

(Boot et al., 2010) and examined conditional training effects, and other studies have studied the 

detailed performance of a smaller number of participants (Towne et al., 2016; Boot et al., 2016), 

no studies have looked specifically for large effect sizes in a relatively large sample size and 

attempted to work backwards to identify correlates of a groups’ superior performance. The main 

goal of this study was to identify the conditions under which transfer is maximized as well as to 

identify experience factors that might predict skill differences and transfer. This included transfer 

from previous video game experiences, transfer of rule knowledge to actual performance, and 

transfer from one controller to another. Much like the existing literature on transfer-of-training, 

the results of this study were mixed. The strength of my design, however, is that a 

comprehensive assessment of the structure of participants’ performances and knowledge was 

made possible by collecting information about their understanding of pertinent game components 

as well as by recruiting individuals who demonstrated reliably superior performance.  

 Overall, these analyses showed evidence for a clear VGP advantage on Space Fortress. 

Interestingly, the VGP advantage was not pervasive. Primarily, the VGP advantage was largest 

on the keyboard task and on the joystick task when the keyboard controller version was played 

first. This suggests some domain specific skills are not globally applicable to Space Fortress but 

are controller- specific. However, analysis revealed that the specific measured VGP-related 

activities did not reliably explain the relationship between VGP status and performance on Space 

Fortress. Interesting questions remain regarding the mechanisms by which joystick performance 

is facilitated for VGPs when receiving the keyboard version of the task first. A more detailed 

analysis of the types of games in which players engage could reveal keyboard-specific 

experiences that would help to explain the VGP advantage. 
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 The nature of these transfer effects suggests that video game play provides benefits that are 

unique to the genre, and perhaps even the equipment on which the players perform, although this 

study did not find good evidence that those who reported playing PC games had any advantages 

over those who played primarily console games. VGPs’ larger advantage on the keyboard 

version of Space Fortress support the claim that game controller plays an important role in 

observed transfer effects. Future investigation should attempt to specify the source of the specific 

advantages through a careful analysis of the initial verbal reports given during task execution.  

 Early studies of Space Fortress found that players in Illinois performed better on Space 

Fortress than players in Israel. Americans’ familiarity with arcade games was suggested as a 

primary driver of this advantage, though no formal analysis was conducted to confirm the 

hypothesis (Donchin, 1995). Traditional joysticks are much less common as a gaming peripheral 

today than they were in the 1980’s. As the game environment becomes more like the cognitive 

and physiological demands that players are used to (e.g., keyboard controller). The historical 

changes in game controller technology adds a potentially interesting component to studies on 

video games. Space Fortress was designed in the 1980’s to mimic the popular arcade games at 

the time. Over the years it has been modified and re-standardized over the years to reflect more 

popular input devices (Shebilske, et al., 2005). In this study, there were critical differences in the 

pattern of transfer between the keyboard and joystick version of the game. Future studies could 

explore these differences by further exploring popular modern input devices such as gamepads 

(thumb stick controls). Ultimately, the game controller plays a large role in the execution of 

Space Fortress because only once one has control of the ship can they begin to execute most of 

the game-relevant behaviors and learn the underlying rules of the game which may have not been 

retained from the instructional video. 

 The second interesting insight into transfer within this study is that performance on the 

Space Fortress Rules Quiz was significantly related to performance on the task, but interestingly, 

it did not mediate the VGP advantage. The magnitude of the relationship between quiz 

performance and Space Fortress score was about the same as the VGP advantage, indicating a 

reliable role of rule knowledge in predicting Space Fortress score outcomes. Future studies 

should examine specific applications of the rules using process tracing methods such as verbal 

reports and specific behavioral analyses of performance such as was conducted in Boot et al. 

(2016). 
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 My hope when beginning this study was to examine how previous investigations of Space 

Fortress could be brought together under a comprehensive theoretical umbrella. Many of the 

disagreements about the nature of skill development have arisen because of researchers using 

tasks with different structures and complexity. The main goal during the production of Space 

Fortress was to design a task that was complex enough to look at learning in a generalizable way 

but that was designed from the ground-up so that the structure of the task could be well 

understood. Using Space Fortress along with the established methodologies of the expert-

performance framework, allowed me to acquire a level of detail in early skill acquisition that has 

not been collected before. I believe that this has helped to contribute to our existing 

understanding of the structure of the task as well as to the conditions under which acquired 

mechanisms of skill transfer during early performance on this complex laboratory task. 

 I believe the results of this study fit broadly within the larger context of skill acquisition and 

expertise as understood through the expert-performance framework. While many previous 

studies of VGPs have suggested that there might be good evidence for far transfer of video game 

skills, I found that such effects were limited when using Space Fortress. This further highlights 

the need for translational research from the discovered “VGP advantages” on simple laboratory 

tasks such as useful field of view and perceptual speed which have been found by Bavelier and 

colleagues (2003; 2007) to more complex tasks. While many studies have shown either VGP 

advantages or training advantages on these types of laboratory tasks, no studies link these effects 

back to more complex performance. In other words, it is unclear whether VGP advantages on 

useful-field of view, or training advantages on motor control tasks translate back to more 

complex performance such as driving, or if they are restricted to some more specific aspect of 

performance. I suggest in this study that VGP advantages are not as robust as previous work has 

proposed. 

  Several promising research directions remain for Space Fortress research. Space Fortress 

remains an ideal arena for testing claims about the trajectory of improvement on a complex skill 

as well as the extent of transfer-of-training. While only limited transfer was discovered by this 

study, there may be other ways of using the Space Fortress task to study generalizable aspects of 

skill. One promising direction is the extent to which one could learn generalizable aspects of 

effective training through their Space Fortress experiences (Ericsson & Boot, personal 

communication). The deliberate practice account of expert performance suggests that there are 
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aspects of effective practice itself generalize across domains, aspects such as seeking out 

informative feedback, comparing one’s own behavior to the behavior of experts, focusing on 

improving weak aspects of performance. In my opinion, this type of “training to train” holds the 

most promise for demonstrating robust far-transfer, but significant work still needs to be done on 

how such a regiment could be designed and whether there would be individual differences in 

participants’ abilities to internalize this type of meta-training. 
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APPENDIX A 

 

SPACE FORTRESS PROJECT INTAKE SURVEY 

 
 

Space Fortress Project Intake Survey 

Thank you for taking the time to fill out this intake survey. We are interested in knowing as 
much as we can about your gaming experiences before we schedule you to come in for the study. 
We are interested in recruiting individuals with a wide array of different gaming experience 
ranging from those who play no video games to those who play competitively, so please answer 
the questions as accurately and honestly as possible. 
 
Q7 Last Name  
 
Q9 First Name 
 
Q10 Email Address 
 
Q11 Phone Number 
 
Q1 Which of the following best describes your typical gaming experiences? (Check all that 
apply) 
I play casual video games on a mobile device (smartphone or similar) 
I play console or PC games in single-player mode 
I play console or PC games casually with others (online or in-person) 
I play console or PC games competitively (online or in-person) 
I play console or PC games in organized competitions such as ladder matches, ranked online 
playlists, or in-person tournaments. 
I do not play video games at all 
Other ____________________ 
 
Q2 Which of the following best describes your achievements in video game play? (Select all that 
apply) 
I have won an organized tournament 
I have advanced past the first round of an organized tournament 
I maintain a spot on a competitive leaderboard 
I have a winning record in a game I play often 
I have no notable gaming achievements 
Other ____________________ 
 
Q3 If you have competed in organized tournaments or competitions, what competition(s) did you 
participate in? How far did you advance in the competition(s)? (Note. Please list all relevant 
experiences; Leave blank if N/A) 
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Q4 Do you subscribe to a premium matchmaking service such as Xbox Live or PlayStation 
Network? If so, which service(s)? 
Yes ____________________ 
No 
 
Q5 If you DO subscribe to premium matchmaking services, please list your username (i.e., 
Gamertag) if applicable. 
 
Q15 Did you play any video games yesterday? If so, what game did you play, and in what 
capacity did you play it (casually, competitively, etc.)? 
 
Q6 Thinking over the past 7 days, about how many hours total have you spent playing video 
games casually for the sole purpose of leisure? (If you have not played any video games, enter 0) 
 
Q14 Thinking over the past 7 days, about how many hours total have you spent playing video 
games competitively against other individuals, either online or in-person? (If you have not 
played any video games, enter 0) 
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APPENDIX B 
 

GAMING EXPERIENCE SURVEY 

 
 

Gaming Experience Survey 

Game	&	Device	Ownership	

	

1. List	all	electronic	equipment	that	you	have	ever	owned	which	has	been	used	primarily	for	

playing	video	games	(e.g.,	Nintendo,	Super	Nintendo,	PlayStation,	Xbox,	PC).	

2. About	how	many	video	games	do	you	currently	own?	(include	all	games	across	all	platforms)		

3. Do	you	own	any	strategy	guides	or	other	publications	intended	to	improve	your	gaming	skill?	

4. Do	you	subscribe	to	any	gaming	forums	or	other	online	gaming	resources	intended	to	improve	

your	skill?	

 

Player Developmental History 

5. At	about	what	age	(years)	did	you	play	your	first	video	game,	if	ever?	

6. What	age	would	you	say	you	began	to	play	video	games	seriously,	if	ever?	

7. At	what	age	did	you	begin	playing	video	games	competitively,	if	ever?	

	

Current Video Game Behaviors 

8. About	how	many	hours	have	you	spent	playing	video	games	in	the	past	2	weeks?	

9. What	genre(s)	of	video	games	comprise	most	of	your	video	game	playing	time	(check	all	that	

apply)?	

	

____ Shooters (1st or 3rd Person) ____ Real-time Strategy Games 

____ Racing or Driving Simulators ____ Puzzle Games 

____ Role Playing Games (Action or MMO) ____ Fighting Games 

____ Open-world action games ____ Sports Games 

____ Platform games ____ Casual Games 

____ Music Games ____ Other (List Below) 

 

10. List	the	titles	of	the	last	5	games	that	you	have	played.		

 

Competitive gameplay 

11. Have	you	ever	been	part	of	a	group	where	video	games	were	played	on	a	regular	basis	(club,	

clan,	school,	etc.)?	If	YES,	at	what	age	did	you	do	this	for	the	first	time?	

12. Have	you	ever	played	a	video	game	as	part	of	an	organized	competition	with	prizes?	
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13. How	often,	if	ever,	do	you	compete	in	organized	gaming	competitions?	

14. What	is	your	highest	level	of	achievement	in	gaming	competition,	if	any?	

15. Are	you	currently	top	100	on	any	game	leaderboards?	If	so,	for	what	title?	

16. Please	list	any	game	titles	that	you	have	played	seriously	and	competitively	over	a	period	of	

more	than	6	months.	

	

Other gaming activities 

17. Have	you	ever	engaged	in	video	game	activities	designed	solely	to	improve	your	competitive	

performance	as	opposed	to	playing	strictly	for	entertainment	(Please	elaborate	on	what	the	

activities	were	specifically)?	

18. Do	you	ever	view	(online	or	in	person)	competitive	matches	between	other	players	with	the	

goal	of	improving	your	own	performance	on	platforms	such	as	YouTube,	Xbox	Live,	or	Twitch?	

19. Have	you	ever	visited	a	gaming	convention	such	as	the	E3	conference?	

20. Are	there	any	other	gaming-related	activities	that	haven’t	told	us	about	that	you	think	would	be	

important	for	this	study?	
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APPENDIX C 

 

SPACE FORTRESS RULES QUIZ AND STRATEGY GENERATION INVENTORY 

 
 

Space Fortress Rules Quiz & Strategy Generation Inventory 

Fortress Destructions/Shot Accumulation Information 

1. To destroy the Space Fortress, I must accumulate at least ____ hits on the vulnerability counter. 

2. Once I accumulate the number of hits listed in question one, I can then destroy the Space 

Fortress by (include required shot timing) _______________________________________. 

3. Are there any restrictions on how quickly you can shoot missiles at the fortress to accumulate 

vulnerability points? If yes, explain and list the exact required time interval (min. and max. of 

that interval).  

4. What would happen if you fired two shots at the Space Fortress 150 milliseconds apart when the 

vulnerability counter was at 8? 

5. True/False: Your weapons are still effective against the Space Fortress when mines are present 

on the screen. _____ 

6. Please draw your preferred flight path when attacking the fortress. 

7. Draw three other paths that are possible and explain why they are inferior to yours. 
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Bonuses 

8. What event indicates that you have an opportunity to collect a bonus? 

9. What are the two types of bonuses that can be selected? 

10. Explain why you might choose a particular type of bonus over the other. 

Mine Handling 

11. List the steps required to handle a mine once it appears. Be as specific as possible. 

12. What is the purpose of the INTRVL value at the bottom of the screen? When would you refer to 

this value? 

13. What happens if you misidentify a friend mine as a foe mine? 

14. What happens when you misidentify a foe mine as a friend? 

15. Given this scenario, what would be your next course of action? Assume the letters presented at 

the beginning of the trial were AMF.  

16. Given this scenario, what would be your next course of action? Assume the letters presented at 

the beginning of the game were AWF.  
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17. True/False: You must re-obtain the correct IFF interval before each attempted shot on a foe 

mine.  

18. What happens if you click the right mouse button at a 150 msec interval when identifying a foe 

mine? 

Controller Functionality 

19. Please identify the consequences of each joystick action: 

a. Forward: _____________________________________________ 

b. Left: ___________________________________________________ 

c. Right: _________________________________________________ 

d. Backwards: __________________________________________ 

20. Please explain the function of each mouse button: 

a. Left: ___________________________________________ 

b. Middle: ________________________________________ 

c. Right: __________________________________________ 

21. Please explain how one would stop or slow their ship. 

Sub-scores 

22. What actions or game events affect your Speed sub-score? 

23. What actions or game events affect your Velocity sub-score? 

24. What actions or game events affect your Control sub-score? 

25. What actions or game events affect your Points sub-score? 

  



54 

APPENDIX D 

 
IRB APPROVAL LETTER 

 
 
 

 
 
 

 
 
  

The Florida State University 

Office of the Vice President For Research  

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

RE-APPROVAL MEMORANDUM 

 

Date: 5/18/2016 

 

To: Tyler Towne [ ]  

 

Address: 1107 W. Call Street  

Dept.: PSYCHOLOGY DEPARTMENT  

 

From: Thomas L. Jacobson, Chair 

 

Re: Re-approval of Use of Human subjects in Research 

Single Subject Deliberate Practice Training 

 

Your request to continue the research project listed above involving human subjects has been 

approved by the Human Subjects Committee. If your project has not been completed by 

5/17/2017, you must request renewed approval by the Committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped 

consent form is attached to this re-approval notice. Only the stamped version of the consent form 

may be used in recruiting of research subjects. You are reminded that any change in protocol for 

this project must be reviewed and approved by the Committee prior to implementation of the 

proposed change in the protocol. A protocol change/amendment form is required to be submitted 

for approval by the Committee. In addition, federal regulations require that the Principal 

Investigator promptly report in writing, any unanticipated problems or adverse events involving 

risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving 

human subjects in their department. They are advised to review the protocols as often as 

necessary to insure that the project is being conducted in compliance with our institution and 

with DHHS regulations. 

 

Cc: K Ericsson, Advisor [ ] 

HSC No. 2016.18260 
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The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673, FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 5/14/2015 
 
To: Tyler Towne  
 
Address: 1107 W. Call Street 
Dept.: PSYCHOLOGY DEPARTMENT 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research 
Single Subject Deliberate Practice Training 
 
The application that you submitted to this office in regard to the use of human subjects in the 
proposal referenced above have been reviewed by the Secretary, the Chair, and one member of 
the Human Subjects Committee. Your project is determined to be Expedited per 45 CFR Â§ 
46.110(7) and has been approved by an expedited review process. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice. Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 5/12/2016 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol. A protocol 
change/amendment form is required to be submitted for approval by the Committee. In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
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reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is FWA00000168/IRB number IRB00000446. 
 
Cc: K Ericsson, Advisor 
HSC No. 2015.15510 
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APPENDIX E 

 

CONSENT FORM 

 

Date: _____________________ 

 

 

I freely and voluntarily consent to be a participant in the research project entitled “Single Subject 

Deliberate Practice Training on a Complex Videogame.” The principal investigators are Dr. K. 

Anders Ericsson, Dr. Wally Boot, and Tyler J. Towne M.S. 

 

I understand that I will be trained on a task measuring different cognitive abilities. I understand 

that think aloud information (e.g., speaking my thoughts aloud while I perform) will be audio 

recorded for later protocol analysis. I understand that I agree to attend up to 3 hours of training 

on the cognitive task. I understand that the current research has the potential to help researchers 

understand how an individual improves at a complex cognitive ability task.  

 

I understand that my records from this research which refer to my performance and cognitive 

strategies will be given a code so that no one except the investigators and their supervisors will 

have access to the data. No identifiable data will be used for publication. In addition, the records 

of this research, including performance and any audiotapes of verbal protocols, will be kept 

confidential. This data will be erased or destroyed within ten years from the completion of this 

study (no later than August 31, 2026). If I am not receiving course credit for my participation I 

understand that I will be receiving financial compensation for participating in the study. The rate 

for this compensation is $7.50 per ½ hour ($15.00 per hour) which will be paid at the conclusion 

of each session. 

 

This consent may be withdrawn at any time without consequence. I have been given the right to 

ask and have answered any inquiry concerning the experiment and any given tasks. I understand 

that I may contact the Major Professor supervising this research, Dr. Anders Ericsson at 
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xxxxxxxxxx for answers to any pertinent questions. The primary risk involved in this study is 

boredom, but if any distress or discomfort arises participation can stop immediately without 

consequence. I have read and I understand the proceedings. 

 

If I have any questions about my rights as a subject/participant in this research, or if I feel that I 

have been placed at risk, I can contact the Chair of Human Subjects Committee, Institutional 

Review Board, through the Office of the Vice President for Research at (805) 644-8633. 

 

 

____________________________________  

Signature of Research Participant   

 

_____________________________________  

Printed Name 
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