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ABSTRACT 

There is a need to understand how to maximize skill development when training 

operators to undertake vital operational assignments (e.g., flying aircraft). At present, there is 

much debate in the training community over how to best train these operators and achieve 

maximum skill transfer, such as whether training should focus on recreating the target task or 

whether there are benefits to training with subcomponents of the target task. Training with 

subcomponents can be simpler, cheaper, and therefore more accessible than training with a 

complex target task, and researchers have found performance gains when training with 

subcomponents (Ash & Holding, 1990; Gopher, Weil, & Bareket, 1994; Whaley & Fisk, 1993). 

Instead of utilizing subcomponents of a complex target task, the present study 

investigated the mental resources required to perform a target task – termed resource training. 

Given that there are established inventories for breaking down the demand a target task places on 

different resources, such as the Multiple Resources Questionnaire (Boles & Adair, 2001a, b), this 

is a logical endeavor. Participants alternated back and forth between a training task and a 

complex video game, Everyday Shooter, four times a day over two days. The training tasks were 

previously shown to heavily tax a specific resource, and participants either trained a task sharing 

many critical resources, or few critical resources, with the video game. 

In addition to assessing the feasibility of resource training, the present study also assessed 

the effect of providing metacognitive instructions and examined the role of expertise by 

including video game experts. 

Successful transfer was noted for those training the task that shared more critical
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resources with the target task, providing an instance of transfer via resource training. Superior 

performance may have been achieved via maintained critical workload, as the group that 

improved over days also maintained critical workload over days while noncritical workload 

declined. Importantly, this improvement was only noted when standard instructions were 

provided. The additional instructions, which pointed out both structural and resource-based 

similarities between the training task and the target task, Everyday Shooter, were found to be 

detrimental to performance. From a methodological standpoint, this suggests that participants do 

not need to be explicitly instructed why certain tasks are being trained in tandem. 

The alternating design required participants to alternate between the training task and 

target task, instead of massing together consecutive training sessions before performing the 

target task. The alternating design is apparently a powerful means of producing transfer, as it led 

to better performance on the target task and likely removed the need for additional instructions 

regarding task similarities. Also, recent investigations in our laboratory finding evidence of 

transfer have employed this alternating design (e.g., Boles & Penn, 2010), while studies have 

struggled to find consistent evidence of transfer when massing the training sessions together. 

This successful implementation of resource training with an alternating design suggests that a 

practical way to achieve skill transfer is to select a training task that shares resources with a 

complex target task, and alternate training between the two. 

Finally, expert video game players provided higher critical workload ratings than 

novices. Instead of narrowing down the resources necessary to perform the video game, experts 

sustained higher levels of critical workload over days. This could be a major factor in superior 

expert performance. 
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INTRODUCTION 

Demanding tasks such as operating a nuclear facility or flying an aircraft leave little room 

for human error. Therefore many resources are invested in training individuals to undertake these 

demanding tasks. It is important to understand the mechanisms that underlie training in order to 

maximize skill development while minimizing cost and waste. 

The goal of any training paradigm is to impart knowledge or skills required to perform a 

particular task. If training continues for an extended period of time there is the potential for the 

development of expertise. But how does expert performance differ from novice performance? 

Are specific mechanisms involved in expert performance? Do skills learned in one context 

transfer over to another context differently for experts? More specifically, can skills learned 

while performing a training task transfer to a different target task? This study attempts to shed 

light on these questions by focusing on expert and novice performance over the course of 

training and how learned skills transfer from an original task to a novel task. 

Transfer of Training 

Transfer of training occurs when information learned in one environment assists with 

performance in another environment. Although the topic of skill transfer has been breached 

before (e.g., Thorndike & Woodworth, 1901; Halpern, 1998; Brown, 1989), few studies have 

examined transfer on a cognitive level (e.g., Phillips, 2007). Even fewer studies approach skill 

training and transfer from a resources viewpoint. 

Near transfer occurs when knowledge acquired within one context is applied to a similar 

target task within a similar context (Barnett & Ceci, 2002). However this is not the only type of 
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transfer that can occur. Boles (1997) suggested that successful transfer can occur even if a 

training task is used that is different from the target task, as long as the training task provides 

practice with the mental resources that are critical to the target task. Transfer from one context to 

a dissimilar context is referred to as far transfer (Barnet & Ceci, 2002). Boles (1997) and Boles 

(1999) provide evidence that practicing a bargraph recognition task that draws upon a spatial 

quantitative cognitive resource may transfer to another computerized task, dot cluster 

recognition, that draws upon the same spatial quantitative cognitive resource. Due to the fact that 

the two tasks contain different stimuli and require different judgments, this is evidence that far 

transfer occurs at the cognitive level. Recent efforts have sought to determine if far transfer 

occurs when more complex cognitive tasks are used (e.g., Phillips, 2007). However, this line of 

research is still in its infancy. 

The Mixed Record on Far Transfer 

Studies from various domains have found evidence that the effects of training can be 

transferred between unrelated tasks (e.g., Gick & Holyoak, 1980; Brown, 1989). Gick and 

Holyoak (1980) investigated transfer by using analogies to guide problem solving. They 

presented participants with a story that contained a problem and then presented the solution to 

this problem. After this, participants were asked to solve a problem described in a story with a 

different context. Gick and Holyoak found that when participants were prompted to use the 

original story to solve the problem they were much more likely to transfer this knowledge from 

the original story to the novel story. These studies suggest that far transfer can occur between 

cognitive resources. What is unclear, however, is if far transfer can occur in more complex and 

demanding training paradigms, such as those that require trainees to juggle multiple tasks at once 

or coordinate physical actions (e.g., flying aircraft).  
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Although there is evidence of far transfer in general, there is limited evidence in the 

cognitive domain. Boles (2009) failed to find evidence of far transfer between video games that 

either did or did not share cognitive resources. The similarity of cognitive resources used in the 

three video games (Super Maze Wars, Greebles, and Word Tracer) was assessed with the 

Multiple Resources Questionnaire (MRQ; Boles & Adair, 2001a, b). Due to the fact that 

Greebles and Super Maze Wars require the use of similar cognitive resources, it was 

hypothesized that playing Greebles would lead to a higher score when playing Super Maze Wars 

than playing Word Tracer and Super Maze Wars. However, this hypothesis was not supported. 

Another unpublished study, a master’s thesis conducted at the University of Alabama, 

investigated transfer between complex spatial tasks (Shadinger, 2001). Although the cognitive 

resources required for the tasks overlapped according to the MRQ, Shadinger found no evidence 

of transfer between them. 

However, while looking for evidence of far transfer, Phillips (2007) found a marginally 

significant trend to suggest that far transfer can occur between a simple computer task and a 

more complex video game, which suggests that it is possible for skills learned on a simple task to 

transfer to a dissimilar complex task. Phillips’ study serves as an influence to the present study, 

which includes additions such as a consideration of transfer among experts in addition to novices 

and addresses scoring issues present in Phillips’ study. 

In Phillips’ study there were issues with the complex task, and how a player’s score was 

determined, that could have affected the outcome. A computer game called FantaVision served 

as the complex task in Phillips’ design. In this game, players must capture and detonate flares of 

different colors to earn points. However, the point totals are very large and can be affected by 

choices made during gameplay that are not related to the player’s ability. The mean score, across 
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all participants and games, was 1.12 million points, and the average change in score between 

successive games, across all participants and games, was 0.53 million points, or nearly half of 

the overall mean (D. Boles, personal communication, April 27, 2009). 

Although it is not difficult to establish a beginner’s understanding of the game 

mechanics, there are nuances to the game that players can take advantage of to blow their scores 

way out of proportion compared to those that have a beginner’s comprehension. Players must 

chain together multi-colored flares to earn points. But the game also includes bonus flares which 

can be added up to create a “starmine.” This provides the player with an opportunity to chain 

together large quantities of flares during the middle of the round, thus an opportunity to earn 

many points. However, players do not have to capture and enter the starmine bonus in order to 

finish the level. Essentially, players that use the starmine bonus have an opportunity to earn 

many more points than those that do not. This is why the present study uses a design similar to 

that of Phillips but with a different complex task. 

Finally, the previously discussed Boles (1997) study found evidence of far transfer by 

employing a procedure that briefly exposed participants to the target task, then had participants 

undergo multiple training sessions, and finally retest with the target task. However, evidence of 

far transfer has not been consistently obtained using this procedure (Boles, 2009). Rather, the 

recent successes from our laboratory have employed alternating training where participants go 

back and forth from the simple task to the complex task (e.g., Boles & Penn, 2010). It could be 

that alternating the training tasks makes the task relationships clearer as well as provides an 

opportunity to see the effects of training on two tasks instead of only one. Therefore, it may be 

worth searching for far transfer from both simple to complex tasks and from complex to simple 

tasks. 
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Phillips (2007) suggested another reason for searching for transfer in both directions as 

well. Action schemas are stimulus-response mappings that are tailored for a task, and research 

suggests that maximum performance on a complex task requires the use of them (Brehmer, 1990; 

Brehmer & Allard, 1990; Klein, 1989; Schneider, Vidulich, & Yeh, 1982; Schneider, 1985; 

Hammond, 1988; Kirlik, 1995; Kirlik, Miller, & Jagacinski, 1993; Kirlik, Walker, Fisk, & Nagel, 

1996; Steinberg, Chaffin, & Singer, 1998; Nagel, 1993). Since the employment of different 

action schemas may complicate transfer (Loftus & Loftus, 1983), task complexity may be worth 

manipulating. The simple computerized tasks used in this study may not be affected by unique 

stimulus-response mappings as much as a complex task, thus increasing the chances of 

uncovering evidence of far transfer. Therefore, the present study investigates far transfer from a 

simple task to a complex task and from a complex task to a simple task by employing alternating 

training where participants alternate from simple task – complex task – simple task – complex 

task. 

Practicing Subcomponents versus the Actual Task 

This section will discuss different claims regarding how transfer functions. In other 

words, how is it that skills learned on one task come to assist performance on a different task in a 

different context? 

Some researchers believe that if successful training is to occur the training task must be 

the same as the target task (Carlson, Khoo, & Elliot, 1990; Briggs & Brogden, 1954). Therefore, 

some training environments employ a high fidelity simulator that closely resembles the target 

task, implying that practicing subcomponents of a complex task will not lead to as large an 

improvement on a target task. But is this really necessary or beneficial? Research suggests that 

high fidelity training environments can actually take away from training if the target task is not 
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emulated consistently (Hawkins & Orlady, 1993). In addition, high fidelity is not dependent 

upon the visual recreation of the target task. Robinson and Mania (2007) claim that what matters 

is information uptake rather than a perfect recreation of the target task. They claim that because 

of the limitations of current technology, many simulations of realistic physics usually end up not 

simulating environments that accurately cause users to draw upon behavior, cognition, or 

perception processes that the target task uses. 

For example, Mania, Robinson, and Brandt (2005) varied visual fidelity in a virtual 

environment by manipulating the quality of shadows across three conditions (high, mid, and low 

quality). After viewing a virtual room on a head-mounted display, participants completed a 

memory recognition questionnaire. The results showed that participants in the high-quality 

condition did not score significantly better than participants in the mid-quality and low-quality 

conditions. This implies that high levels of visual fidelity do not necessarily aid performance. 

Essentially, inconsistencies between a simulation task and a target task can lead trainees 

to develop ineffective strategies or heuristics (Hawkins & Orlady, 1993). However, training with 

the same training task and target task is not the only way to train. 

Part-task training is a common form of training that can be used to train individuals to 

perform complex tasks. Part-task training involves breaking down a more complex target task 

into its subcomponents that can be practiced in isolation. Many researchers have found that this 

form of training can lead to performance gains (Ash & Holding, 1990; Bailey, Hughes, & Jones, 

1980; Boles, 1997; Goettl, 1995; Gopher et al., 1994; Whaley & Fisk, 1993; Wightman & 

Lintern, 1985). Wightman and Lintern reviewed the literature and reported three different forms 

of part-task training: segmentation, simplification, and fractionation. Segmentation divides up a 

complex task into subtasks based on temporal or spatial dimensions so that a particular segment 
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of a complex task can be performed and other sub tasks can be added in later. Simplification is a 

process by which complex tasks are made easier by adjusting the characteristics of the task to 

influence difficulty. Fractionation is useful when a complex task possesses at least two subtasks 

that are executed simultaneously, because participants can begin by practicing each task 

independently. Wightman and Lintern noted that these part-task training schemes have value in 

training that sometimes exceeds whole-task training, especially with inexperienced participants 

and difficult tasks. Wightman and Lintern cited instances where breaking down a complex task 

into component tasks is superior to whole-task training in designs that employed a systematic 

procedure to break down the complex task (e.g., Mané, 1984). 

If a complex task can be broken down into its subcomponent parts, this opens the door 

for another approach. Instead of examining performance on subcomponents of a complex task, it 

might also be useful to investigate the mental resources that are required to perform a complex 

task. Given that there are inventories for breaking down the demand a task places on different 

resources, this is a logical endeavor. In the present study, mental resources are investigated as a 

way of examining the subcomponents of a complex task. But, instead of looking to see whether 

practicing a specific subcomponent task aids performance on a complex task, this allowed us to 

see if the mental resources being taxed while practicing a training task affected performance on 

the complex task. 

This paper approaches training from a resource training standpoint that is similar to, but 

distinct from, the subtask methods described in Wightman and Lintern (1985). Mental processes 

are trained in this study, as opposed to just subtasks, so that they can be applied to the target task 

(Boles, 1999). This suggests that it might be possible to devise training programs to improve 

target-task performance without exposure to the target task. 
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Although resource training is distinct from the three forms of part-task training described 

by Wightman and Lintern (1985), one of the forms, fractionation, is somewhat similar to what 

was employed in the present study. It is similar in that the systematic method Wickens and 

Hollands (2001) described to properly fractionalize a whole task was used. However, instead of 

identifying critical and noncritical subcomponents of the complex task, the critical and 

noncritical resources required to perform the complex task were identified with the MRQ. This 

study is also different in that participants were not training a subtask derived from the complex 

task. Instead they trained with already-established computerized tasks that draw upon specific 

resources.  Also, participants only trained with one task, as opposed to some of the part-task 

procedures that train with multiple subtasks in an attempt to fully recreate the target task. Solid 

evidence is needed that this resource training approach is effective with one training task before 

moving on to interactions between multiple training tasks. 

Video Game Transfer 

It is possible that experience with video games can lead to skills that transfer to other 

types of tasks. Based on anecdotal evidence that video game play contributes to a performance 

benefit in laparoscopic surgery, Rosser et al. (2007) correlated video game performance and 

exposure to video games with laparoscopic surgery skills. Rosser et al. obtained performance 

scores from 33 surgeons on a laparoscopic skills and suturing program called Top Gun and 

discovered that laparoscopic surgeons who played video games at least three hours per week 

committed 37% fewer errors, were 27% faster, and earned scores that were 42% higher than 

laparoscopic surgeons who did not play any video games. Additionally, Rosser et al. noted that 

video game exposure and capability were better indicators of laparoscopic surgery skills than 

traditional factors such as years of laparoscopic experience and number of laparoscopic 



 

9 

procedures performed. These findings suggest that video games may be a useful training tool to 

help surgeons overcome the steep learning curve associated with laparoscopic procedures. Video 

games may be appropriate for training because, as Rosser et al. pointed out, they provide the 

player with repeated exposure to a graphical user interface (GUI) and are often times an 

individual’s first exposure to a GUI. Perhaps the skills developed while playing video games 

transfer over to other GUIs like those used in laparoscopic surgery. 

 Another major finding comes from a study conducted at an Israeli Air Force flight 

school. Gopher et al. (1994) found evidence that cadets receiving 10 hours of training playing a 

game called Space Fortress had higher flight performance scores than those that did not play 

Space Fortress. This suggests that even though Space Fortress is a video game somewhat like 

Asteroids, therefore different from flying actual aircraft, practice with Space Fortress 

nevertheless contributed to real flight performance improvement. 

 Neurological evidence comes from a recent study that found practice with the 

visuospatial video game Tetris can lead to an increase in gray matter. Following three months of 

practice at 90 minutes per week, adolescent females that played Tetris showed a thicker cortex in 

left Brodmann areas (BAs) 6 and 22/38 (Haier, Karama, Leyba, & Jung, 2009). BA 6 is often 

implicated in the planning and execution of coordinated movements and BA 22/38 for the 

integration of the senses. The researchers found that three months of training resulted in an 

increase of cortical thickness in these areas, thus more gray matter. The findings also revealed 

that the Tetris group demonstrated greater efficiency in the right frontal and parietal lobes (BAs 

6, 8, 9, 32, 40, and 46). Although playing Tetris led to cortical changes in the left hemisphere, 

the authors stopped short of claiming that training can lead to performance improvements in 
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other cognitive domains such as working memory capacity or spatial reasoning. The extent of the 

training improvement will certainly be expanded upon in future studies. 

 Clearly there is precedent for using video games to investigate transfer. It seems as if 

video games that depend on visuospatial elements are well suited for studies seeking to 

investigate transfer in cognitive domains. Video games are versatile in that they can be used as a 

training task (e.g., Johnson, 2005; Gopher et al., 1994) or they can be used as a target task while 

using simple computerized laboratory tasks for training (e.g., Phillips, 2007). Video games are 

typically complex, allowing transfer to and from other cognitive domains to be investigated, and 

they vary in the degree of fidelity they have with other tasks. For example, the simple 

computerized laboratory tasks used in the present study require only basic judgments after being 

momentarily flashed on a screen, and therefore have low fidelity with a complex task such as a 

visuospatial video game. 

Purpose 

The purpose of this study is to provide further insights into transfer of trained skills by 

improving upon an aspect of Phillips’ method and taking it a step further. Phillips laid a useful 

groundwork for researching transfer of cognitive skills from simple to complex tasks. 

Therefore, the present study uses a design similar to Phillips’ design. The main 

differences between the present study and Phillips’ study are threefold. First, for the complex 

task, Phillips used a computer game called FantaVision, while the present study uses a game 

within the same genre of puzzle/shooter games that has a much simpler and more linear scoring 

system called Everyday Shooter (Queasy Games, 2007). Also, the present study assesses the 

effect of providing metacognitive instruction to participants, and it assesses the role of expertise 

by including video game experts. 
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There are similarities between the present study and Phillips’ study as well. Primarily, the 

present study utilizes the same form of resource training that Phillips employed. Rather than 

focusing on subcomponent practice that is specific to a target task, this form of training focuses 

on perceptual/cognitive resources. This opens the door for much simpler training programs to 

play a significant role in training. 

If found to be useful there are many benefits to resource training over high fidelity 

simulation. The tasks employed in resource training are generally much simpler than high-

fidelity simulators, much cheaper, and often run on personal computers and video game consoles 

that already exist and are easily obtainable. This limits the addition of new hardware and reduces 

the time and money required to setup a high-fidelity system. Therefore, they are accessible to 

many more trainees than high fidelity simulators. 

 Since Phillips (2007) found a trend to suggest that far transfer can occur between a 

simple laboratory task and a complex task, the method that Phillips employed to divide a 

complex task was used to properly fractionalize the target task in the present study before 

resource training commenced. Fractionation is a process by which a target task is divided into 

subcomponents. Participants are given a chance to train an individual subcomponent and are then 

introduced to the target task. Wickens and Hollands (2001) detailed the three-step process to 

properly fractionalize a target task. First the target task must be broken down into individual 

subcomponents, then the critical subcomponents must be identified, and lastly the noncritical 

subcomponents must be deemphasized. 

However, instead of identifying subcomponents of the target task, Phillips (2007) 

identified the critical and noncritical resources of the complex task, FantaVision, with the MRQ. 

This means that instead of having to create subtasks for training that are made from scratch based 
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on Everyday Shooter, separate computerized tasks can be used (Boles, 1991, 1992, 1996) that 

draw upon specific critical and noncritical resources identified by the MRQ. For example, the 

spatial emergent process was identified as a critical resource to the performance of the complex 

task, therefore a computerized task that draws upon this resource (e.g., an occlusions task) was 

trained in an attempt to increase performance on the complex task. Another group used the same 

training paradigm but with a noncritical resource, the visual lexical process, to compare transfer 

when critical and noncritical resources are trained. 

Expertise 

The justification for investigating the role of expertise stems from the Phillips (2007) 

discussion of aspects of expert performance. Phillips remarked that expertise may be a factor 

affecting MRQ ratings. However, Phillips used non-experts, which was a logical starting point 

for this research. The present study picks up where Phillips left off by discussing factors 

affecting expert performance and experimentally assessing the role of mental workload in expert 

performance. 

All training situations involve the process of trying to teach an individual a set of skills. 

In almost all training situations individuals will start to learn ways to improve their performance. 

If training continues long enough it can eventually lead to the development of expertise. For 

example, TSA baggage screeners are required to undergo 100 hours of basic training, 40 hours in 

the classroom and 60 hours on the job, before they are allowed to work, during which they have 

a supervisor (U.S. Government Accountability Office, 2005). In addition to basic training, TSA 

baggage screeners must complete an average of three hours of recurrent training per week. 

This study investigates the roles of transfer of training and expertise in training in order 

to obtain a fuller understanding of the cognitive processes involved in expert task performance in 
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hopes that this information can be applied to maximize skill acquisition and human performance. 

This section details the various claims made by researchers regarding the mechanisms involved 

in the development and execution of expertise before shifting to discuss the approach this study 

uses: examining the role of mental workload in expert performance. It is possible that all of the 

mechanisms that will be detailed interact in various ways, and that this essentially frees up 

resources as expertise is developed. Therefore, this study investigates mental resources as a way 

of examining expertise. 

The ability to quickly differentiate between objects and determine category membership 

is essential to expert performance. Several authors have suggested that increased expert 

differentiation may be due to a multitude of factors such as refined top-down processes, selective 

attention, refined strategy use, possessing more information due to experience, highly organized 

and better partitioned knowledge, or better guidance of perception by extant knowledge. The 

following paragraphs discuss the factors that play a role in expert performance. 

Categorization. Some of the most fundamental findings involving expertise come from 

categorization research (e.g., Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976). According 

to Tanaka and Taylor (1991) and Johnson and Mervis (1997) subordinate level information is 

retrieved by experts just as easily as basic level information. When it comes to categorizing 

stimuli, basic categories carry the most information, have the highest cue validity, and are 

therefore the most differentiated from one another, while subordinate categories are more 

specific subdivisions of basic level categories that possess attributes that overlap with similar 

categories (Rosch et al., 1976). For example, car is a basic object and four door sedan is a 

subordinate object because the latter contains a collection of attributes that is more specific than 

the basic object and also shares attributes with other types of cars like sports car. Also, the basic 
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level is widely recognized as the optimal level at which objects can be distinguished from one 

another because these categories do the best job of reflecting the structure of the environment 

(Johnson & Mervis, 1997; Murphy & Wright, 1984; Palmer, Jones, Hennessy, Unze, & Pick, 

1989; Rosch et al., 1976). As expertise develops, trainees can learn to recall subordinate level 

information as if it were at the basic level. Johnson and Mervis (1997) found that when 

categorizing objects, experts use the most specific label possible, showing that they prefer to use 

the subordinate level. These richer categories give experts access to more detailed information 

without additional effort. 

Knowledge and Perception. Many studies have discussed the role of knowledge and 

perception in the development of expertise (e.g., Mervis, Johnson, & Scott, 1993; Alberdi, 

Sleeman, & Korpi, 2000; Johnson & Eilers, 1998). These studies demonstrate that perception 

influences the structure of concepts by recruiting extant knowledge. This knowledge, in turn, 

guides perception to relevant information. In other words, experts may be better able to observe 

objects and infer features because their perception is guided. The benefit is at least two-fold 

because less time is spent searching and more time is spent analyzing appropriate features.  

Spratling and Johnson (2006) investigated the impact of feedback, via top-down 

processes, in categorization. They found that not only does feedback heavily impact visual 

processing but they also found evidence to suggest that feedback aids the acquisition of 

subordinate-level items for object identification and perceptual expertise. It appears that the use 

of top-down processes helps guide attention to both enhance the similarities of stimuli and 

accentuate distinctions between stimuli as well, much like Alberdi et al. (2000) claimed for 

expert knowledge. 
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Wickens and Hollands (2000) claimed that differences in expert decision making can be 

seen when experts are looking for cues or diagnosing a situation. In these situations experts may 

do a better job directing their attention to appropriate cues. An examination of expert scanning 

strategies revealed that experts are better at allocating resources appropriately on a flight 

simulation task (Bellenkes, Wickens, & Kramer, 1997). Experts also spent more time attending 

to vital instruments because they were more capable of adapting their visual scan strategy to the 

dynamic task. Again, a two-fold benefit is implied because experts spend less time searching and 

therefore spend more time analyzing important features. 

Additionally, as expertise is acquired and processing becomes more holistic (Spratling & 

Johnson, 2006) stimuli can be categorized on multiple dimensions so that experts may be 

benefitted by richer representations. Spratling and Johnson also provided neurological evidence 

to suggest that neuronal activation patterns are dependent on prior experience. These claims 

provide converging evidence to support the notion that prior knowledge can ultimately influence 

perceptual processing, thus aiding in the acquisition of expertise. 

Schemas. Phillips (2007) mentioned that identifying the appropriate action schemas 

necessary for performing a task can be useful in improving expert decision making and may be 

necessary for optimal performance on complex tasks. Phillips focused on the claim that experts 

depend on pattern recognition strategies to inform decision-making and how this relates to 

action schemas rather than working memory (Brehmer, 1990; Brehmer & Allard, 1990; Klein, 

1989; Schneider et al., 1982; Schneider, 1985; Hammond, 1988; Kirlik, 1995; Kirlik et al., 1993; 

Kirlik et al., 1996; Steinberg et al., 1998; Nagel, 1993). Expert chess players are able to make 

difficult decisions simply by glancing at the board, perhaps because they have been exposed to 

around 50,000 different chess positions before attaining expertise (Chase & Simon, 1973). This 
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could tie into pattern recognition strategies as opposed to actively sifting through a set of moves 

(Klahr & Kotovsky, 1989). Phillips believed the development of expert decision-making may be 

enhanced by isolating the action schemas deemed to be important and then having trainees focus 

on these in a resource training paradigm. The present study takes a related approach by isolating 

the resources required for the complex task and having participants train them specifically. 

Mental Workload. Although authors have suggested a multitude of mechanisms that 

range from lower-level mechanisms, such as category restructuring, to higher-level mechanisms, 

such as strategy shifts and feedback loops, few have directly examined the role of mental 

workload in the use of expert knowledge. Perhaps mental resources are freed up for experts, thus 

allowing an expert to dedicate more resources to the critical aspects of a task. 

 As previously stated, no study claims that any one of these mechanisms is solely 

responsible for expert performance. Perhaps all, or most, of the mechanisms that have been 

discussed are intertwined. An example of this is knowledge and perception – knowledge guides 

perception which aids in the acquisition of knowledge, etc. Therefore, the debate is probably 

more about the extent to which each mechanism is involved and possibly at what stage in the 

development of expertise. As previously stated, it is possible that all of these mechanisms work 

together to free up resources as expertise is developed. This of course assumes that there is a 

pool of resources that is drawn upon for the purposes of categorization. This idea goes along 

with the conclusions of Tanaka, Curran, and Sheinberg (2005) who stated that neurological 

evidence suggests that specific mental processes are used for categorization at the subordinate 

level and that these are the same processes used for perceptual expertise. Tanaka et al. also stated 

that one must be able to efficiently classify subordinate level objects in order to develop 

perceptual expertise. 
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The idea of attentional resources being tied to expertise is also in accord with Rouder and 

Ratcliff (2006) who found evidence that categorization is rule-based at first, and thus requires 

more effort. But, over the course of learning, discriminatory features are gradually learned so 

that specific stimuli are stored as exemplars. This allows categorization to take place without 

relying upon rules, or mnemonics, that require cognitive effort. 

A complete understanding of the mechanisms involved in expert categorization and 

performance is certainly desired. A better understanding of the role of mental resources would 

assist in this effort. Therefore, the present study used the MRQ to compare novice and expert 

workload. 

Emphasis of Task Similarity through Metacognition 

In addition to including expertise in this investigation of transfer, another factor that was 

considered is the type of instruction given to participants. Many studies investigating transfer 

give participants a standard set of instructions that may or may not include some sort of task-

specific strategy. In a literature review of 114 studies that involved the use of cognitive 

instruction, Belmont and Butterfield (1977) noted that none of the studies included in the review 

emphasized metacognitive processes and none reported positive transfer. Metacognition refers to 

all of the processes that an individual focuses on his/her own cognitive activities (Kluwe, 1982; 

Brand, Reimer, & Opwis, 2003). This encompasses both declarative metacognition for 

knowledge of a person’s own thoughts and procedural metacognition which includes knowledge 

of the processes used to find a solution (Brown, 1987; Brand et al., 2003). 

Additionally, others have claimed that in order for successful transfer to occur that 

participants need to be able to pick out critical aspects of a task that let the participant know that 

a certain strategy should be used (Mann, 1979; Butterfield & Nelson, 1991). This implies that the 
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task-specific instruction alone, as opposed to task-specific instruction with metacognitive 

instruction, provides a very low potential for transfer. The argument is that instead of just being 

taught how to perform a task or being explicitly told which strategy to use per task, participants 

need to be able to identify the critical attributes of a task that call for the use of a certain strategy 

(Mann, 1979). 

The reason for implementing the manipulation of explaining task similarity, in addition to 

the Belmont and Butterfield (1977) review finding, is that in a real training scenario this would 

likely be done, or be implied. In real world training scenarios, individuals training in one 

environment know that the skills they are learning have correlates in another environment and 

expect to find similarities. For example, flight school candidates who play flight simulators know 

that the skills learned in one environment are supposed to be transferred over to real-world flight 

performance. 

A number of metacognitive exercises can be used to supplement instruction. In a study 

investigating metamemory and transfer, Fatal and Kaniel (1992) incorporated studies such as 

Brown (1975, 1978) which discussed the implementation of several metacognitive processes 

such as how to (a) emphasize the principles of working memory, (b) analyze problems, (c) 

understand what one does and does not know about a problem, (d) plan an approach to solving a 

problem, and (e) monitor progress. Butterfield and Nelson (1991), who found evidence that 

adding metacognitive processes to task-specific instruction can increase transfer, also discussed 

supplementing standard instruction with additional explanation of how to monitor the ways in 

which one applies and monitors the effectiveness of a strategy. 

Brand et al. (2003) identified four important metacognitive subprocesses: identifying the 

problem, creating a mental map of necessary elements and how they are related, deciding which 
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strategy to use, and finally evaluating the problem so that one can identify the steps taken and the 

steps yet to be completed. The logic is that using these processes increases an individual’s 

understanding of a problem. Therefore, these metacognitive processes should be particularly 

useful in scenarios where there is the potential for transfer. 

Brand et al. was designed to extend the findings of an earlier study by Berardi-Coletta, 

Buyer, Dominowski, and Rellinger (1995) which found that metacognitive thought aided 

performance on similar types of tasks. Brand et al. sought to investigate the effectiveness of 

metacognitive thought on different types of tasks since Berardi-Coletta et al. did not address the 

degree to which metacognition aided performance when structurally dissimilar tasks were used 

that shared no surface features. Evidence was found that metacognition can aid performance 

when using structurally dissimilar tasks. 

Many investigations of metacognitive processes have been conducted within the realm of 

problem solving (e.g., Towers of Hanoi, or math problems) where it is easier to teach and 

measure the transfer of specific rules and strategies. Given that Butterfield and Nelson (1991), 

among others, view transfer as problem solving, this material is thought to be relevant to the 

present investigation and is applied to transfer with perceptual tasks. The reason for choosing 

this approach will now be explained while the exact procedure that will be used is described in 

the Method section of the main experiment. 

In order to examine the effect of explaining task similarities, the present study applies the 

principles first employed by another study. Butterfield and Nelson (1991) used three different 

approaches to test the addition of metacognitive instruction on problem solving tasks, only one 

of which was successful. One particular strategy, similarity instruction, encouraged participants 

to rely upon the similarities of solution strategies for the tasks being used. This is something that 
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experts are known to do, whereas novices rely upon surface similarities such as the appearance 

of the stimuli. Although the strategy was not successful in producing a significant difference on 

problem solving tasks, a similar approach can be used in the present study because there are 

potential reasons why Butterfield and Nelson’s approach might not have produced significant 

findings. First, the researchers did not directly teach the participants to employ any of the 

previously discussed metacognitive activities. Rather, what they did is indirectly encourage 

participants to think about the dimensions of the tasks so comparisons of task strategies could be 

made. The present study directly encouraged participants to rely on more than task similarities. 

Also, Butterfield and Nelson used children, whereas adults were used in the present study. 

Finally, as Butterfield and Nelson pointed out, another reason for a lack of significant findings 

could be the use of a between-subjects test for the similarity instruction manipulation, whereas 

the metacognitive manipulation that did produce a significant finding (hypothesis generation) 

employed a more powerful within-subjects test. 

Who to Use 

 Selecting candidates for complex positions that require many hours of training, such as 

naval aviation school, is an important issue because of the resources that must be invested in 

these individuals. The U.S. Navy’s aviation selection process consists of a biographical 

inventory that has been in use since World War II (Stricker, 2005). Although the validity and 

long-standing use of the Navy’s inventory is established, little is known about the constructs that 

the inventory measures or why it has been successful. These measures don’t consider important 

abilities needed to fly such as psychomotor skills and cognitive processing skills (Portman-Tiller, 

Biggerstaff, & Blower, 1998). 
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 Research with current video games suggests that action video game players have 

increased object tracking and enumeration skills which may be mediated by short-term memory 

skills (Green & Bavelier, 2006a). Research also suggests that action video game players have 

heightened visual spatial abilities compared to non-gamers (Green & Bavelier, 2003; Green & 

Bavelier, 2006b; Green & Bavelier, 2007). Therefore, it may be beneficial for assessment 

programs to gather information on a candidate’s experience with video games. 

Green and Bavelier (2003) found that playing video games can alter aspects of the visual 

system. For example, they found evidence that video game players have an increased spatial 

resolution of visual processing. And, they suggest that it is possible for non-gamers to 

significantly improve their visual attentional processing by playing the first-person shooter game 

Medal of Honor. 

Although video games involve interacting with virtual worlds they have the potential to 

enable real-world performance improvements in situations such as operating a car or airplane 

(Fery & Ponserre, 2001). When this is combined with the preceding discussion of video game 

transfer, it seems suitable to investigate performance with video games for its possible value in 

training. Another reason to examine expertise among video game players is that there is an 

accessible population of video game experts and novices. There are many more members of this 

population, and they are much easier to access than, say, expert pilots or flight school candidates. 

Predictions 

 Hopefully the present study will extend current knowledge of the intertwined issues of 

Expert and Novice task performance (meaning accuracy and reaction time (RT)), mental 

workload, and transfer of training. The following predictions are made. 
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 First, do Experts perform better than Novices over the course of training? If so, why? It is 

predicted that Experts would indeed perform better than Novices. This is in accordance with the 

notion that Experts are better at gathering information and allocating resources. Therefore, a 

main effect of Expertise is predicted to reveal that Experts have significantly higher scores than 

Novices on the complex task, Everyday Shooter. 

 Second, it is hypothesized that Novices would significantly improve performance on the 

complex task over the course of training. This could be seen as a two-way interaction between 

Expertise × Day. But, do Experts improve significantly over the course of training or is their 

performance already topped out? Results from a piloted study, which is detailed in the next 

section, suggest that there may be a ceiling effect over one day of training for Experts. It remains 

to be seen if this holds for Experts over a two-day training study. 

 There are arguments to be made either way. From a resource view, Experts are already 

practiced at the complex task so there may be no improvement. But on the other hand, Experts 

may figure out various ways to improve, such as improving allocation of attentional resources 

that allows Experts to perform better than Novices. The present study aims to see which one it is. 

 Third, do Experts show increased or decreased workload on Critical and Noncritical 

MRQ resources on the complex task? Due to the fact that Experts can rely upon previous 

knowledge to filter their attention (Alberdi et al., 2000), better focus on specific features for 

categorization (Johnson & Eilers, 1998), and have better scanning strategies (Bellenkes et al., 

1997), it is hypothesized that Experts would show decreased workload on MRQ resources that 

are not critical to the complex task (see Figure 1). However, it is more difficult to make a 

specific prediction regarding the demand placed on MRQ resources that are critical to the 

complex task for Experts. After narrowing down the resources necessary to perform the complex 
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task, Experts may have to rely heavily on these Critical resources for the duration of the task. Or, 

Experts may even find ways to reduce the demand placed on the Critical resources as well. 

 
Figure 1. Hypothesized Day × Expertise interaction showing that Experts provide lower MRQ ratings of Noncritical 

resources on Day 2 than on Day 1. 
 

 Fourth, it is hypothesized that those training with a task that is appropriate for the 

complex task would improve more over the course of training. A two-way interaction of Group × 

Day is predicted, such that the Task-appropriate group improves significantly more than the 

Task-inappropriate group. A three-way interaction of Group × Day × Expertise is also predicted, 

such that the amount of improvement on the complex task for the Task-appropriate group is 

greater for Novices than it is for Experts (see Figure 2). 
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Figure 2. Hypothesized Group × Day × Expertise interaction, showing a greater improvement for Novices than 

Experts in the Task-appropriate group. 

 

Lastly, it is expected that Novice performance on the complex task would benefit from 

receiving the instruction manipulation, but it is difficult to make a prediction regarding Experts. 

Arguments could be made either way here as well. Since Experts are predisposed to look for task 

relationships, the instruction manipulation may not aid their performance on the complex task. 

On the other hand, if Experts do not know that the tasks they are performing contain similarities 

then they may never look for them. In other words, Experts may not need as much help looking 

for similarities, but if they are not cued to identify them then Experts may never attempt to 

search for the relationships. This would be seen as a three-way interaction of Expertise × 

Instruction manipulation × Day (see Figure 3) where Novice performance on the complex task 

improves more from early to late in training than Expert performance when receiving Additional 

instructions. 
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Figure 3. Hypothesized interaction of Expertise × Instruction manipulation × Day, showing Novice performance 

improving more on the complex task when receiving Additional instructions. 

 

Implications of the Predictions 

The predictions carry many implications. They extend from the present study, to 

methodological concerns for training studies, and even to real-world training scenarios. 

First, if video game Experts do indeed outperform Novices on the complex task, this 

would confirm the validity of the distinction that is being made between Experts and Novices. 

This would also mirror past findings that experts are better at performing a task in their specific 

domain of expertise. 

 Second, if Novices significantly improve their performance over training, it would 

demonstrate that the design allows training to occur. The presence of a Novice improvement will 

also be important in determining whether Experts are experiencing a ceiling effect. 

 Third, if Experts show decreased workload on MRQ resources that are considered 

noncritical to the complex task, this would demonstrate that Experts are able to filter their 

attention and narrow their focus on specific features of a task that need to be attended to. Also, 
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the finding would provide insight into how Expert resources are taxed. When it comes to the 

Critical resources, are Experts more taxed than Novices or are they less taxed overall? These 

findings could contribute to the literature on expert performance and to the design of training 

paradigms for experts. 

 Fourth, if an appropriate training task leads to improvement on the complex task then this 

would serve as evidence of transfer of trained skill. This is the main topic of study for the present 

paper and the implications extend from basic to applied. Ultimately, such a finding would 

suggest that training is not limited to recreations of a target task, and that information uptake and 

training of specific mental processes are routes to successful training. If the Task-appropriate 

group outperforms the Task-inappropriate and Control groups, this would imply that skills 

learned on one task in one environment can be applied to another task in another environment. In 

addition to contributing to an issue that has perplexed the training community for some time, this 

resource-based approach has implications that extend to real-world training applications. Due to 

the fact that this study involves more complex tasks, the findings could provide support for 

training programs that have individuals train for a target task without actually accessing the 

target task. The findings would suggest that an individual can train for a target task by using 

another task altogether, or by training a part of the target task, even if it does not appear the same 

or operate the same as the target task. For example, pilots could train how to land an aircraft by 

first using a virtual cockpit before transitioning to an actual airplane cockpit. The training 

scenario is obviously much safer, cost-efficient, and accessible. 

Lastly, if the Additional instructions lead to an increase in scores on the complex task, 

this would shed light on a methodological issue in training research. In real-world training 

scenarios, individuals are aware of the fact that the skills they are training are ultimately going to 
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be applied in a specific context. However, it is not clear whether participants in a research study 

are aware of this. The Additional instructions make it clear to participants that the skills they are 

training should be applied in another context. Perhaps an explicit manipulation such as this is 

necessary in a training scenario when it is not clear to participants that skill transfer is supposed 

to occur.
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PILOT STUDY 

A pilot study was conducted to examine Critical resources for the complex task, the video 

game Everyday Shooter. The MRQ was used to identify mental resources that participants rely 

upon while performing the complex task. The findings allowed for the selection of simple 

laboratory tasks for training in the main experiment. Since the simple laboratory tasks have been 

associated with specific lateralized processes (Boles, 1991, 1992 , 1996), it is possible to select 

simple laboratory tasks that are either appropriate or inappropriate for training. For example, if 

participant ratings in the Pilot Study indicate that the spatial quantitative process was highly 

taxed while completing Everyday Shooter, then a simple task such as dot clusters, which draws 

upon the spatial quantitative process, would be considered appropriate for training, but a simple 

task such as visual words, which draws upon the visual lexical process, would not. This allows 

far transfer to be investigated. In the main experiment, one group of participants could then train 

a task-appropriate simple task along with the complex task and another group could train a task-

inappropriate simple task along with the complex task. 

Method 

Participants 

Twenty-nine participants were recruited from the University of Alabama. All participants 

had normal or corrected vision and were fluent in English. Participants completed the task to 

fulfill a research requirement. 
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Task 

Everyday Shooter is an arcade style video game that is similar to FantaVision. The player 

moves a small craft around the screen to shoot enemies and collect points (like a colorful version 

of Asteroids). Enemies of varying sizes come across the screen from all four directions at 

different speeds and with different tactics. Some enemies directly attack the player and some 

float by with a predetermined course. The player earns points by collecting small pixels that are 

left by enemies that the player has shot. Each pixel is worth only one or two points and there are 

no point multipliers so unlike Phillips’ study, there are no extremely high point totals. If the 

player is struck by an object then one life is lost. The round is over after all lives are lost or the 

level is completed. Each round takes approximately five minutes to complete. 

Everyday Shooter is played on the Playstation 3 video game console. The console was 

connected to a television in a private room that was dimly lit by a ceiling-mounted light. 

Participants controlled the small craft by using the analog thumbsticks on the Playstation 3 

controller. There are two analog thumbsticks on the controller that can be rotated 360 degrees. 

The left thumbstick is used to move the craft around in the environment and the right thumbstick 

is used to shoot at enemies. Regardless of the location of the craft, it fires in the direction that the 

right thumbstick is pressed. 

Measures 

The Multiple Resources Questionnaire (MRQ) was administered to diagnose workload 

placed on specific mental and physical resources (Boles & Adair, 2001a, b). This paper-and-

pencil measure uses an increased response range (Finomore et al., 2006) from its initial usage in 

Boles and Adair (2001a, b) in order to increase sensitivity to mental workload. Responses range 

from 0 (no usage) to 100 (extreme usage) with higher scores indicating that the given resource is 
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being more heavily taxed. The MRQ has been used in the past with success on computer games 

and tasks, and has interrater reliabilities ranging from +.57 to +.83 in Boles and Adair (2001a). 

Boles and Adair (2001b) and Boles, Bursk, Phillips, and Perdelwitz (2007) investigated its 

criterion validity and found that the MRQ is successful at predicting interference in a dual-task 

study using simple laboratory tasks (r= +.37) and another dual-task study using computer games 

(r= +.83). This demonstrates that the predictiveness of the MRQ is at least as good for games as 

it is for simple laboratory tasks. 

The Gaming Experience Questionnaire (GXQ) was also administered. The primary 

purpose of the GXQ is to quantify video gaming experience. It is a relatively new questionnaire 

that was originally designed and used by Phillips (2007) to predict video game performance. It is 

a paper-and-pencil questionnaire where higher scores indicate more experience or enjoyment 

with given video game genres. Since the GXQ is a new measure there is no reliability data 

available. While the GXQ was not a successful predictor of video gaming performance in the 

study by Phillips (2007), the measure does do a good job of quickly gathering basic information 

about video gaming experience and enjoyment. Scores from the GXQ functioned to ensure some 

level of expertise within the Expert video game player group. In order to do this the GXQ was 

modified from its original version to include items that assess the deliberateness of video game 

play and the period of time over which an individual has been playing video games. The 

modified GXQ is included in Appendix A. 

Items on the GXQ were used to distinguish between Expert and Novice video game 

players. The first criterion a participant had to meet to be categorized as an Expert was a 

minimum of 10 years of video game play. This had to be accompanied by a score of 4 or 5 on the 

GXQ item measuring the continuity of video game play. Scores could range from 1 to 5 on this 
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item. This was used to ensure that the participant played video games continuously for a 

minimum of 10 years. The reason that a 10-year minimum was chosen is because this is 

generally regarded as the amount of time required for expertise to develop (Ericsson, Krampe, & 

Tesch-Römer, 1993; Gobet & Campitelli, 2007). Also it is important to note that Ericsson et al. 

(1993) claim that their participants were able to accurately report not only current levels of 

practice, but also past levels of practice as well. 

Another useful criterion for distinguishing Experts from Novices is deliberate practice, 

meaning intentional attempts to improve performance which may not be related to pleasure. 

Ericsson et al. state that deliberate practice is what allows an individual to attend to critical 

aspects of a task and thus improve performance. The notion of deliberate practice also helps 

make the important distinction between experience and expertise. Although expert performance 

is gained through experience, extended amounts of experience alone do not lead to expertise. 

Rather experience that includes deliberate attempts to improve performance is what leads to 

expertise (Ericsson et al.). 

In addition to the 10-year requirement, participants also had to report a 4 or 5 on one of 

the two items assessing attempts to deliberately improve gameplay in order to be considered an 

expert. See Appendix A for the specific items. 

Procedure 

Upon entering the laboratory, participants were given a one-page information sheet that 

described the study. Participants were informed that the study was to investigate visual tasks 

with a video game. After agreeing, each participant was taken to a private room to play Everyday 

Shooter. Participants read a set of instructions that described how to play the game. This was 

followed by a two minute video of the game in action. Then the researcher demonstrated how the 
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game is played, essentially providing the participant with a three minute tutorial of how to move 

around the screen, shoot enemies, and collect points. After fielding questions, the researcher had 

the participant play the game for three minutes as part of a practice session. 

Participants then played one round of the game until the end of the level was reached or 

until all lives were lost. Each round took approximately five minutes to complete. The researcher 

entered the room to record the participant’s score and restart the round. This was repeated until 

the participant played a total of four rounds. 

After completing the gameplay, participants were asked to fill out the MRQ and GXQ in 

order to assess the workload that Everyday Shooter places on mental resources, and video game 

expertise, respectively. Once this was completed, participants were encouraged to ask questions 

and received a debriefing before leaving. The total length of the session was one hour. 

Results and Discussion 

 The MRQ data was analyzed to find which of the 17 MRQ resources are critical and are 

not critical to the completion of Everyday Shooter. Mean scores were computed across all 

participants for each of the 17 MRQ resources. These means are provided in Table 1. The items 

with the highest mean rating were considered critical to the performance of the complex task. 

Phillips (2007) considered MRQ items with a mean rating above 75 (out of 100) as critical to the 

completion of FantaVision and items with a mean rating below 25 as noncritical. 
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 Note. Critical resources are presented in bold and Noncritical resources are in italics 

 Following those criteria, Critical resources include the spatial attentive process, spatial 

emergent process, spatial categorical process, manual process, and spatial concentrative process. 

Noncritical resources include the vocal process, auditory linguistic process, facial figural 

process, visual lexical process, visual phonetic process, facial motive process, and tactile figural 

process. It was expected that there would be more than one MRQ item considered critical and 

noncritical for Everyday Shooter, but only one of each was selected for training in the main 

experiment. For FantaVision, Phillips (2007) selected the occlusions task, based on the spatial 

emergent process found to be critical, and the visual words task, based on the visual lexical 

process found to be noncritical. The same two tasks were used in the present study because the 

group that trained with the spatial emergent process in Phillips’ study showed a trend to suggest 

that transfer was occurring, while the group training the noncritical visual lexical process did not 

show the same trend. 

Table 1 

 

Mean MRQ Ratings for Everyday Shooter from the Pilot Study 

MRQ Resource Mean Rating  

auditory emotional process 27.6  

auditory linguistic process 3.9  

facial figural process 9.5  

facial motive process 22.2  

manual process 85.5  

short term memory process 57.8  

spatial attentive process 94.3  

spatial categorical process 86.9  

spatial concentrative process 83.1  

spatial emergent process 89.4  

spatial positional process 70.5  

spatial quantitative process 65.5  

tactile figural process 24.0  

visual lexical process 15.2  

visual phonetic process 21.4  

visual temporal process 58.2  

vocal process 1.4  
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 Other statistical analyses were performed and provide justification for using these tasks. 

Participants completed four rounds of Everyday Shooter. In order to assess a performance 

improvement, the first and second rounds were averaged to obtain a mean score for “early” 

performance and the third and fourth rounds were averaged for “late” performance. A paired 

samples t-test revealed that performance did improve from early in training (M = 163.02, SD = 

75.24) to late in training (M = 204.05, SD = 110.21), t(28) = -2.92, p = .007. 

 The GXQ criteria described in the Measures section were used to distinguish Novice 

video game players from Expert video game players. This revealed a total of 7 Experts and 22 

Novices. This number of Experts seems reasonable given that the listing on the subject pool 

website expressed that experienced video game players were especially sought. The GXQ 

criteria were used to distinguish Experts from Novices to see if performance on the complex task 

was affected by video game expertise. A repeated-measures analysis of covariance (ANCOVA) 

was used to examine performance data and to address the possibility that participants with 

relatively high scores early in training may show less improvement late in training. This same 

procedure has been successfully used in previous training studies to address the fact that practice 

effects frequently depend upon initial performance (Boles, 1997; Boles & Penn, 2010). 

Therefore, early performance was included as a standardized covariate to reduce the error 

variance. Early performance scores were standardized within each group by using means and 

standard deviations of Experts and Novices. The inclusion of the covariate in the present analysis 

was justified because the covariate was significantly related to the practice effect, F(1, 26) = 

109.5, p < .001. 

The ANCOVA revealed a main effect of Expertise, F(1, 26) = 18.21, p < .001. Since the 

Experts performed better it seems that the GXQ criteria provide a useful distinction between 
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Experts and Novices - a crucial finding for the main experiment. The ANCOVA also revealed a 

nearly significant main effect of Training, F(1, 26) = 3.60, p = .07, to suggest that the 

participants improved over the course of training. It is important to point out that the Pilot Study 

only involved one day of training while the main experiment included two days of training. In 

this light, the one-day improvement is encouraging. In terms of trends in the data, the Novice 

group mean increased from early in training (M = 141.64) to late in training (M = 192.45), while 

Expert performance barely increased from early (M = 230.21) to late (M = 240.50). This may 

suggest the possibility of a ceiling effect in Everyday Shooter performance for the Experts. 

However, the interaction of Expertise × Training period was not significant, F(1, 26) = 1.60, p = 

.22.  Having only 7 Expert participants, half the amount of exposure to the complex task as the 

main experiment, and no exposure to the training task, may have made it difficult to find a 

significant interaction. 

 The Pilot Study provided useful information that was included in the full design, and the 

results of the Pilot Study justify looking at the topic of transfer and expertise in a full experiment. 

First, the GXQ functioned well as a diagnostic of video game expertise by providing a distinction 

between Experts and Novices through the amount of gameplay and deliberate practice one has 

engaged in. Even with only 29 participants, significant differences were seen in Expert and 

Novice gameplay showing that Experts outperformed Novices overall. Also, Everyday Shooter 

seems fit to use as the complex task in a full experiment because the game shows room for 

improvement over the course of training. 
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MAIN EXPERIMENT 

METHOD 

 The main study required a mixed factorial design with three between-subjects variables 

and one within-subjects variable. The between-subjects variables were Group with participants 

being placed either in the Occlusions group (Task-appropriate group), Visual Words group 

(Task-inappropriate group), or Control group; level of Expertise with participants being 

characterized as video game Experts or Novices; and the Instruction manipulation with 

participants either receiving Standard instructions or Additional instructions. The within-subjects 

variable was Day with 2 levels (Day 1 and Day 2). Each task was completed four times a day 

over two days with Day 1 performance averaged to describe performance early in training and 

Day 2 performance averaged for performance late in training. While Phillips’ (2007) study was 

run over three days, the present study was only run for two days. Boles and Penn (2010) found 

evidence of resource training with a one-day study lasting 90 minutes, and there is also evidence 

that training can occur over two days with simple computerized tasks (Dillard & Boles, 2009). 

 The terms used to refer to the between-subjects factor dealing with group assignment 

(Occlusions group as Task-appropriate group, Visual Words group as Task-inappropriate group, 

and Control group) are specific to the activities that each group completed. Both the Occlusions 

group and the Visual Words group participated in actual training, where they alternated between 

the simple and complex task, whereas the Control group did not train multiple tasks and only 

completed the complex task. The reason for the specific names is due to the fact that the 

Occlusions group trained with the spatial emergent process, a process that is critical to the
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completion of the target task, as determined by the Pilot Study. Thus it is appropriate for 

training. While the Visual Words group trained with the visual lexical process, a process that is 

not critical to the completion of the target task, thus it is inappropriate for training. 

Participants 

Eighty-four participants were included in the experiment. An a priori power analysis 

revealed that this number of participants would provide over .80 power assuming an effect size 

between small and medium (f
2
=.085), an alpha level of .05, and four predictors (Faul, Erdfelder, 

Lang, & Buchner, 2007). Nearly all participants were recruited from the Department of 

Psychology’s subject pool at the University of Alabama and participated to fulfill a course 

requirement. Two participants were recruited on a volunteer basis from a student-run video game 

organization on campus. Participants were required to have normal or corrected vision and full 

use of the hands and fingers. All of the groups were balanced by gender and an equal number of 

participants were included in each training group. 

In order to identify video game Experts through the subject pool, the GXQ was used to 

categorize participants as it was in the Pilot Study. This allowed self-reported video game play to 

be used for categorization of participants as a Novice or Expert based on the criteria described in 

the Measures section of the Pilot Study. 

Materials 

Apparatus. The video game Everyday Shooter was played on a Playstation 3 video game 

console that was connected to a television monitor in the room where the participant was located. 

Participants used a standard DualShock 3 controller to play the game. 

The simple tasks were completed on a Macintosh computer using SuperLab software. 

The tasks were displayed on a 15-inch color monitor and participants responded by pressing keys 
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on a Macintosh computer keyboard with their right hand. The simple computer tasks were 

presented on a black background. A chinrest was used to ensure that the participants maintained 

a distance of .40 m from the monitor. 

 Simple Tasks. The Pilot Study revealed that the spatial emergent process is a critical 

resource to the completion of the complex task, Everyday Shooter, and the visual lexical process 

is noncritical. Therefore, the main experiment utilized the occlusions task and the visual words 

task as critical and noncritical training tasks, respectively. 

 For the occlusions task, a horizontal rectangle (4.7 by 1.3°) and a vertical rectangle (1.3 

by 4.3°) intersect to form a cross (Boles, 2002). Either the horizontal or the vertical rectangle 

were randomly selected to be red and the other blue. Also, one rectangle was randomly selected 

to occlude the other. Therefore, one rectangle appeared to be “on top” of the other. Two of these 

occluding shapes were presented simultaneously on the screen, one to each visual field. An 

arrow in the center of the screen indicated which occlusion the participant should respond to. 

After presentation, participants responded by pressing either the “3” key on the keyboard number 

pad if blue was on top or “.” if red was on top. RT and accuracy were recorded. 

Each trial ran according to the following timeline. A small fixation cross was displayed in 

the center of the screen for 750 ms. This was followed by a black screen for 100 ms then by the 

stimulus display for 100 ms. At this point, participants responded to the occlusion by pressing 

odd or even on the keypad with the right hand. After the response, the 100 ms blank was 

displayed again and the timeline started over as the next stimulus was displayed. If participants 

did not respond after three seconds, the program displayed the message “ERROR” and moved on 

to the next stimulus. It is important to note that the computer program did not provide feedback 

to the participant. In other words, participants were not explicitly told if their responses were 
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right or wrong. Displaying feedback, or any extraneous information, would be a concern because 

it could have acted as yet another visual stimulus and confounded participant responses. Also, 

Boles and Law (1998) and Dillard and Boles (2009) achieved significant results without 

presenting feedback to participants. For these reasons, withholding feedback during the recorded 

trials was justified. 

 The simple task began with 24 practice trials followed by 144 experimental trials. The 

trials were presented randomly and responses recorded locally on the computer. Each repetition 

of the occlusions task took approximately 7 minutes to complete. 

 For the visual words task participants saw a lateralized number value spelled out 

vertically (e.g., “ONE”). Two word numbers were presented simultaneously, one to either visual 

field. An arrow in the center of the screen indicated which visual word the participant should 

respond to. After presentation, participants responded by pressing either the “3” key on the 

keyboard number pad if the value was odd or the “.” key if the value was even. RT and accuracy 

were recorded. The timeline and number of trials were exactly the same as the occlusions task. 

 Complex Task. Everyday Shooter served as the complex task. It is described in the Task 

section of the Pilot Study. 

Measures. The MRQ was used to diagnose the workload placed on specific mental and 

physical resources. The MRQ is described fully in the Measures section of the Pilot Study and a 

copy of the MRQ is included in Appendix B. 

The Global Resources Questionnaire (GRQ) is a paper-and-pencil measure that is similar 

to the MRQ but has only four questions that measure subjective workload. However, the GRQ is 

not based on multiple resources (Boles & Adair, 2001a). This measure has also been used in the 

past but no reliability data are available. It measures four dimensions of subjective workload 
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including Overall demand, Time demand, Mental demand, and Stress demand. Higher scores 

indicate higher demand. The GRQ has the same response range as the MRQ. A copy of the GRQ 

is included in Appendix C. 

The GXQ was also used to distinguish Novice video game players from Expert video 

game players. The GXQ is fully described in the Measures section of the Pilot Study and a copy 

of the GXQ is included in Appendix A. 

Procedure 

 Prior to participating in the laboratory, each participant completed an online version of 

the GXQ through the Department of Psychology’s subject pool website. The responses were 

used to categorize each participant as an Expert or Novice video game player, which was needed 

to ensure balanced groups. The experiment required two days of data collection. On Day 1, 

participants were assigned to a group (Occlusions group, Visual Words, or Control group).  

Unless they were in the control group, they were given an instruction sheet for their assigned 

training task, and then completed one round of the training task, which took approximately 7 

minutes. RT and accuracy were recorded. 

 Participants were then introduced to the complex task, Everyday Shooter, the same way 

that it was accomplished in the Pilot Study with instructions, video, demonstration, and one trial 

round. Participants played one round of Everyday Shooter. The round was over when the 

participant lost all lives or beat the level. This took a maximum of five minutes and the 

participant’s score was recorded. 

Participants in both training groups, but not the control group, were asked to complete a 

total of four rounds of both tasks per day by alternating back and forth between the training task 

and Everyday Shooter (schedule included in Table 2). The reason participants alternated between 
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tasks was to ensure maximum sensitivity to transfer effects and because recent investigations in 

our laboratory finding evidence of transfer have employed this alternating design (e.g., Boles & 

Penn, 2010), while those massing the training sessions together before the target task have not 

(Boles, 2009). Everyday Shooter and the training task were each completed once before half of 

the participants received the explanation of task similarity, described below. After alternating 

between the training task and Everyday Shooter four times apiece, participants filled out the 

MRQ and GRQ for the training task and Everyday Shooter. Then participants in the training 

groups were told to return for Day 2. 

On Day 2, participants in the training groups once again alternated between the training 

task and Everyday Shooter four times apiece. Then they were asked to complete the MRQ and 

GRQ for the training task and Everyday Shooter before being debriefed, thanked for their 

participation, and dismissed. 

Table 2 

 

Task Ordering by Group 

 Day 1 Day 2 

Occlusions Group OC - ES - OC - ES - OC - ES - OC - ES OC - ES - OC - ES - OC - ES - OC - ES 

Visual Words Group VW - ES - VW - ES - VW - ES - VW - ES VW - ES - VW - ES - VW - ES - VW - ES 

Control ES - ES - ES - ES ES - ES - ES - ES 

Note. ES = Everyday Shooter, OC = occlusions, VW = visual words 

Participants in the Control group did not complete a training task. Instead they completed 

four consecutive rounds of Everyday Shooter on Day 1 and again on Day 2. They also completed 

the MRQ and GRQ for Everyday Shooter at the end of Day 1 and Day 2. 

After seeing the training task and complex task once, half of the participants in each 

training group received an additional explanation of the similarities to expect between their 
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training task and the complex task. The instruction manipulation required that both training 

groups be divided in half, so that half of each group received the manipulation and the other half 

did not. The Occlusions group received an additional explanation of the surface similarities and 

underlying similarities between the simple and complex task.  Given that the occlusions task had 

been selected as an appropriate training task, the participants were told that there were structural 

similarities between the two tasks because the occlusions task involved one object covering up 

another object and that the same thing would be seen in Everyday Shooter (see Appendix D for 

the full script). They were told that there was an underlying similarity as well, that training the 

simple task would aid their performance on the complex task by freeing up mental resources and 

working memory so that attention could be given to other aspects of Everyday Shooter. Then, the 

participants were cued with questions that forced them to evaluate what they did and did not 

understand and to check that they comprehended why the training task was useful to the 

performance of the complex task. 

A similar procedure was used for participants in the Visual Words group. However, it 

involved the use of a cover story since there was not as much structural similarity and resource 

similarity between the visual words task and Everyday Shooter (see Appendix E for the full 

script). These participants also received the same explanation of how improved performance on 

the simple task aided performance on the complex task, essentially by freeing up working 

memory and other specific mental resources so they could be directed elsewhere. 

Participation took 1.5 hours per day for a total of 3 hours for the main experiment. 

Therefore, participants that signed up through the subject pool were rewarded 4.5 credits.
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RESULTS 

  The effects of resource training were assessed by analyzing behavioral performance data 

and mental workload ratings. Performance data for both of the training tasks as well as Everyday 

Shooter were analyzed to answer questions regarding skill transfer – the primary aim of the 

project. Next, subjectively rated mental workload was analyzed to meet two goals. First, this 

serves as a criterion check to validate the use of the training tasks selected for the current project. 

Second, Critical and Noncritical mental resources were analyzed to answer questions regarding 

resource utilization during resource training. This included a consideration of the role of mental 

workload in Expert performance, as well as the effect of an added instruction manipulation. 

Performance Data 

The purpose of analyzing the performance data is to investigate the effects of resource 

training on skill transfer. Due to the fact that the experiment was based on a mixed design with 

three between-subjects factors and one within-subjects factor, separate four-way factorial 

ANCOVAs (Group × Instruction × Expertise × Day) were used to investigate Everyday Shooter 

performance and training task accuracy and RTs. The between-subjects factors included Group 

(Occlusions, Visual Words, or Control), Instructions (Standard instructions or Additional 

instructions), and Expertise (Novice or Expert). Before beginning the experiment, participants 

were categorized as an Expert or Novice video game player based upon the criteria detailed in 

the Measures section of the Pilot Study: a minimum of 10 years of video game play, a minimum 

score of 4 out of 5 on continuity of gameplay, and a minimum score of 4 out of 5 on 
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deliberate practice. The within subjects-factor was time point, where the mean of trials 1-4 

formed a Day 1 average and the mean of trials 5-8 formed a Day 2 average. 

Covariates were also included in the analyses to account for variance attributable to 

participant characteristics other than expertise. As described in the Pilot Study, initial 

performance was included to address the possibility that participants with relatively high scores 

early in training may show less improvement late in training (Boles, 1997; Boles & Penn, 2010). 

Initial performance was defined as the mean of trials 1 and 2 then standardized separately within 

Experts and Novices by using means and standard deviations. Sex was included as a categorical 

blocking variable to address the fact that Males may outperform Females on Everyday Shooter. 

Working memory, measured by the Automated Symmetry Span Task (ASST; Unsworth, Heitz, 

Schrock, & Engle, 2005), was also included as a covariate to address the possibility that working 

memory capacity could affect performance on the training tasks and Everyday Shooter. 

All significant interactions were decomposed according to the method described by 

Keppel and Wickens (2004) in order to examine simple interaction effects (interactions between 

two variables confined to one level of a third variable), and simple main effects (the effect of one 

variable confined to one level of another variable). In order to obtain a better estimate of the 

population error variance, F-ratios were calculated with mean square error from the initial 

analyses with the appropriate degrees of freedom. Since the F-ratios were recalculated, critical 

values were obtained from an F-distribution table with p = .05. Also, estimated marginal means 

were used to depict interactions and main effects in all figures. Estimated marginal means are 

adjusted for other variables in the model, including covariates, and reveal if any of the factors 

affected performance. 
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A participant’s data were removed from the analysis if their Everyday Shooter 

performance clearly indicated a lack of effort or basic comprehension of the game mechanics. A 

cutoff of 75 points on average, or at least 2 standard deviations below the group mean, was 

implemented and eliminated four participants. Three participants did not return for Day 2 of 

training (two from the Occlusions group and one from the control group). Data were also 

removed if training task accuracy was below 60%, a criterion adopted to ensure participants 

performed the task in a meaningful way with interpretable RTs (Boles, 1996). This eliminated 

another three participants from each training group, leaving a total of 84 participants (27 

Females, 57 Males; 41 Experts, 43 Novices) with 28 participants in each of the training groups. 

All of the factorial combinations of the three between-subjects variables were closely balanced 

by gender and random assignment was used until correction was necessary. For example, the 

group of Novices training with the visual words task and receiving Standard instructions had 

seven Males and three Females, while the Control group of Novices that received Standard 

instructions and did not have a training task had nine Males and four Females. In other words, 

approximately equal proportions of Males to Females were obtained in each of the 10 conditions. 

Each test was preceded by an examination of the assumptions of the general linear model 

(GLM) with covariates. Normality, linearity, independence, and the absence of multicollinearity 

were all ensured before checking for the homogeneity of variance with Levene’s Test of Equality 

of Error Variances, homogeneity of intercorrelations with Box’s Test of Equality of Covariance, 

and the homogeneity of regression with a custom model to look for significant interactions 

between the between-subjects factors and covariates. Also, there was no violation of the 

sphericity assumption since the within-subjects variable contained only two levels. 
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Nearly all of the assumptions were met for all tests. Regarding the training tasks, the 

accuracy data were slightly negatively skewed while training task RTs were positively skewed. 

Both of these findings were expected due to the fact that participants were engaged in training, 

which led to relatively high numbers of correct responses and lower RTs. No corrections were 

deemed necessary given that F-tests are robust to deviations from normality (Lindman, 1974). 

Everyday Shooter Scores 

In order to examine the effects of the Instruction manipulation, the Control group was 

excluded from the analysis of Everyday Shooter scores since these participants did not practice a 

training task. A separate test including the Control group is discussed at the end of this section. 

The ANCOVA investigating Everyday Shooter game scores revealed a significant main effect of 

Expertise, F(1, 45) = 4.59, p = .038, η
2

p
 = .092, confirming that, as hypothesized, Experts (M = 

273.65, SE = 10.41) outperformed Novices (M = 241.96, SE = 10.11). As in the Pilot Study, this 

provides evidence that the GXQ functioned well as a diagnostic of video game expertise by 

providing a distinction between Experts and Novices through the amount of gameplay and 

deliberate practice one has engaged in. 

While there was not a hypothesized interaction of Expertise × Instructions provided × 

Day, F(1, 45) = 0.51, p = .48, η
2

p
 = .011, there was a significant three-way interaction between 

Training group × Instructions provided × Day, F(1, 45) = 4.30, p = .044, η
2

p
 = .087. This 

interaction is depicted in Figure 4. 
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Figure 4. Three-way interaction of Group × Instruction manipulation × Day. Everyday Shooter scores are depicted 

with standard error bars. 

 

Visual inspection would seem to indicate that this effect is driven by changes from Day 1 

to Day 2 of training. Therefore, this interaction was decomposed to examine simple interaction 

effects. The decomposition did in fact reveal a significant two-way interaction between Training 

group × Day for InstructionsStandard, F(1, 21) = 5.09, p < .05, but not InstructionsAdditional, F(1, 21) 

= 1.05, p > .05. Decomposing further, an analysis of the simple main effects for this two-way 

interaction revealed a main effect of Day for GroupOcclusions, F(1, 7) = 5.49, p < .05, but not for 

GroupVisual Words, F(1, 11) = 0.06, p > .05. When participants only received Standard instructions, 

the Occlusions group improved from Day 1 to Day 2, while the Visual Words group did not 

improve over days. Such a finding indicates that resource training worked when Standard 

instructions were used, and is indicated in Figure 4 by the increase in Occlusions performance 

with Standard instructions from Day 1 to Day 2. 

Evidence from the MRQ would suggest that there are fewer actual similarities that could 

be stressed between the visual words task and Everyday Shooter, and as expected there was no 

increase in Everyday Shooter performance from Day 1 to Day 2 for those in the Visual Words 
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group. However, those training with the occlusions task, which did have actual aspects in 

common with Everyday Shooter, improved from Day 1 to Day 2 when receiving Standard 

instructions. It is important to note that no increase in performance was seen when the Additional 

instructions were provided to participants - a finding that goes counter to expectation by 

indicating that Additional instructions did not aid performance, and may have negatively 

impacted performance, for those in the Occlusions group. Perhaps this difference in Everyday 

Shooter performance is seen on Day 2 of training because most implicit learning had already 

taken place by Day 2 and the explicit learning strategy interfered with learning and performance 

late in training. 

Two other predictions were made regarding Everyday Shooter performance. A two-way 

interaction between Expertise × Day was expected to reveal that Novices improved over days 

while Expert performance remained constant. This was not supported, F(1, 45) = 0.25, p = .62, 

η
2

p
 = .006, as neither Experts nor Novices significantly improved from Day 1 to Day 2. Also, a 

two-way interaction between Training group × Day was expected to reveal that the Occlusions 

group performed better than the Visual Words group on Day 2. This was not directly supported, 

F(1, 45) = 0.42, p = .52, η
2

p
 = .009,  as the training groups were not significantly different on 

either day. However, there was a simple interaction of Training group × Day for 

InstructionsStandard with Occlusions performing better on Day 2. Also, there was no overall main 

effect of Day, F(1, 45) = 1.26, p = .27,  η
2

p
 = .027, but there was a simple main effect of Day for 

GroupOcclusions when Standard instructions were used. 

A separate test was conducted without the instruction manipulation in the model so that 

Controls could be included. Those in the Control group did not practice a training task and only 
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played Everyday Shooter over two days. This resulted in no within-subjects effects and the only 

significant finding was a main effect of Expertise, F(1, 76) = 33.94, p < .001,  η
2

p
 = .31. 

Training Task Accuracy 

The ANCOVA investigating the number of correct responses on the training tasks 

revealed a significant main effect of Expertise, F(1, 45) = 5.98, p = .018, η
2

p
 = .12, revealing that 

Novices (M = 134.77, SE = 0.73) were more accurate than Experts (M = 132.17, SE = 0.75). 

There was also a significant Day × Group interaction, F(1, 45) = 7.01, p = .011, η
2

p
 = .14, which 

is depicted in Figure 5. Decomposition of the interaction revealed a simple main effect of 

Training group on Day2, F(1, 45) = 5.40, p < .05, and not Day1, F(1, 45) = 2.01, p > .05. As 

hypothesized, this simple main effect serves as evidence of resource training by indicating that 

those in the Occlusions group (M = 135.54, SE = 1.01) performed better than the Visual Words 

group (M = 133.36, SE = 1.00) on Day 2 while the two groups were not significantly different on 

Day 1. 

   
Figure 5. Two-way interaction between Group × Day. Number of correct responses on the training tasks is depicted 

with standard error bars. 
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 There was also a marginally significant Group × Instruction interaction for training task 

accuracy, F(1, 45) = 3.77, p = .059, η
2

p
 = .077, which is depicted in Figure 6. The trend follows 

what was seen for Everyday Shooter performance in that the Additional instructions hurt the 

performance of the Occlusions group, while there was no difference for the Visual Words group. 

As previously suggested, perhaps the explicit learning strategy negatively impacted all 

performance, on both Everyday Shooter and the occlusions task. Unlike Everyday Shooter 

performance, there was not quite a significant three-way interaction between Group × Instruction 

× Day, F(1, 45) = 3.00, p = .09, η
2

p
 = .063.  

   
Figure 6. Two-way interaction between Group × Instruction manipulation. Number of correct responses is depicted 

with standard error bars. 

 

 Training Task Reaction Time 

The ANCOVA investigating median RTs in the two training tasks only revealed main 

effects of Day and Expertise. All other main effects and interactions were not significant, p > .05 

in each case. The main effect of Day showed that participants responded faster between Day 1 

(M = 666.04, SE = 7.24) and Day 2 (M = 599.24, SE = 12.94) of training, F(1, 47) = 49.1, p < 
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.001, η
2

p
 = .51. The main effect of Expertise showed that Experts (M = 582.69, SE = 13.43) were 

faster than Novices (M = 682.58, SE = 12.98) when responding to the training tasks, F(1, 47) = 

28.59, p < .001, η
2

p
 = .38. 

Workload Data 

 Subjectively rated mental workload was analyzed to provide evidence regarding resource 

utilization during training. First, criterion checks were performed to validate the use of the 

selected training tasks. Then, Critical and Noncritical resources were analyzed with special 

consideration to changes over days, between Experts and Novices, and with Standard 

instructions and Additional Instructions. 

Criterion Checks 

The first step in the analysis of workload data is to demonstrate that appropriate training 

tasks were used during the experiment. This is an important step because the argument being 

tested is whether the different training tasks affected the potential for resource training due to the 

fact that they taxed resources differently. 

On both days of training, participants provided separate MRQ ratings for Everyday 

Shooter and the training task, unless they were in the Control group. Separate mean ratings were 

computed for each of the 17 MRQ resources on each task by averaging Day 1 and Day 2 ratings 

from the 28 participants in each training group. The means are provided in Table 3. 
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Note. Critical resources are presented in bold and Noncritical resources are in italics for each individual task. 
Ratings are averaged over days (n = 28 per training group). ES is for Everyday Shooter ratings and TT is for training 

task ratings. 

 

 As in the Pilot Study, MRQ resources were then categorized as critical or noncritical. 

Given that each of the tasks demanded different resources, items rated higher than 75 (out of 

100) on any task were considered critical. In order to prevent overlap of critical and noncritical 

resources a more exclusionary criterion was used to categorize resources as noncritical, which 

required items to be rated below 25 on all tasks. Critical resources included the manual process, 

short term memory process, spatial attentive process, spatial categorical process, spatial 

concentrative process, spatial emergent process, spatial positional process, and visual lexical 

process. Noncritical resources included the auditory emotional process, auditory linguistic 

process, facial figural process, facial motive process, tactile figural process, and vocal process.  

 A crucial finding is that each of the three groups rated the spatial emergent process as 

critical to the performance of Everyday Shooter and the visual lexical process as noncritical to 

Table 3 

 

Mean MRQ Ratings for Everyday Shooter and Training Tasks 

 Occlusions Group Visual Words Group Control Group 

MRQ Resource ES TT ES TT ES 

auditory emotional process 19.5 1.9 20.4 0.5 24.9 

auditory linguistic process 5.0 1.9 6.6 19.5 5.5 

facial figural process 4.1 2.2 1.1 2.2 5.2 

facial motive process 11.7 5.5 10.1 6.4 8.9 

manual process 68.2 52.5 78.4 57.8 82.4 

short term memory process 45.8 75.3 32.8 80.6 34.9 

spatial attentive process 86.0 80.6 90.4 89.5 83.8 

spatial categorical process 73.4 69.3 75.2 68.0 78.7 

spatial concentrative process 80.4 25.4 84.8 13.5 84.3 

spatial emergent process 81.0 43.9 82.6 20.2 82.4 

spatial positional process 68.6 52.3 75.0 38.3 68.5 

spatial quantitative process 40.8 17.2 50.2 33.5 49.9 

tactile figural process 12.4 11.6 15.5 6.5 17.1 

visual lexical process 8.9 11.5 6.7 90.8 13.3 

visual phonetic process 10.2 4.2 5.5 39.6 8.1 

visual temporal process 50.6 54.8 40.9 40.1 47.4 

vocal process 0.9 1.1 0.0 1.2 3.3 
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the performance of Everyday Shooter. This supports the use of the occlusions task and visual 

words task in the experiment because the tasks are based on these resources – occlusions on the 

spatial emergent process and visual words on the visual lexical process. 

 Mean ratings were also calculated for the training tasks and are included in Table 3. As 

expected, the visual words task required heavy usage of the visual lexical process, while this 

process was noncritical for Everyday Shooter and therefore inappropriate for training. On the 

other hand there was a surprising finding with the occlusions task. While previous studies have 

shown that the occlusions task places significant demand on the spatial emergent process (Boles, 

2002), the mean rating in the present study is 43.9. It is important to note, however, that post hoc 

analysis revealed that the spatial emergent process was rated significantly higher by the 

Occlusions group (M = 43.9) than the Visual Words group (M = 20.2), F(1, 48) = 7.23, p = .01, 

η
2

p
 = .13. This supports the idea that the spatial emergent process was more important for the 

occlusions task than the visual words task. 

 Nevertheless, another criterion check was performed to analyze the relationship between 

MRQ ratings for Everyday Shooter and the training tasks. This test verified that the occlusions 

task shared more resources with Everyday Shooter than the visual words task. MRQ ratings for 

the training task and Everyday Shooter were correlated for each participant, then converted using 

Fisher’s r-to-z transformation. A one-way within-subjects analysis of variance (ANOVA) 

revealed that the resources demanded by the two training tasks were differentially correlated 

with Everyday Shooter, F(1, 54) = 41.92, p < .001, η
2

p
 = .44. After converting back to Pearson 

correlations, it is clear that the resources demanded by Everyday Shooter were much more 

positively correlated with the occlusions task (r = +.69) than the visual words task (r = +.34). 
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This finding further supports the use of these tasks in the experiment and allows for a fair 

assessment of the potential that each provided for resource training. 

Resource Utilization 

Separate five-way factorial (Group × Instruction × Expertise × Day × Resource) 

ANOVAs were used to investigate resource utilization with the same three between-subjects 

factors: Group, Instruction, and Expertise. In addition to the within-subjects factor of Day, the 

Resource factor was added to allow for an examination of Critical and Noncritical MRQ 

resources. The Resource factor contained two levels - Critical resources and Noncritical 

resources. While Critical resources were defined as those rated higher than 75 on any task, 

Noncritical resources had to be rated below 25 for all tasks in order to be included in the 

analyses. Essentially, Noncritical resources had to be noncritical for the task set as a whole. 

Noncritical resources were defined differently in order to prevent overlap of Critical and 

Noncritical resources. An example of how Critical and Noncritical resources were calculated for 

one participant is provided in Table 4. Two ANOVAs were used to examine Critical and 

Noncritical resource demand - one for Everyday Shooter and one for the training tasks. As 

opposed to the analysis of performance data, there is no argument for the inclusion of covariates 

in the analysis of resource utilization. Also in accordance with the analysis of Everyday Shooter 

performance data, participants in the Control group were excluded from the analysis of Everyday 

Shooter ratings because they did not perform a training task and therefore did not receive the 

instruction manipulation. Although less important, a separate test is mentioned at the end of the 

Everyday Shooter section that includes the Control group and excludes the instruction 

manipulation. 
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Note. This table presents data from only one participant. Critical and Noncritical resources included in the analyses 

are accented with bold and italics, respectively, based on all 84 participants as a whole, not for this one participant 

alone. 

 

The following assumptions of the GLM were assessed: normality, independence, 

homogeneity of variance, homogeneity of intercorrelations, and the assumption of sphericity. In 

all cases, the assumptions of independence and homogeneity of intercorrelations were met. There 

was no violation of the sphericity assumption due to the fact that both within-subjects variables 

each contained only two levels. There were deviations from normality and violations of the 

homogeneity of variance for Noncritical resources only. As expected, ratings for Noncritical 

resources were very low and therefore positively skewed due to the fact that resources had to be 

rated below 25 on all tasks to be considered Noncritical. No corrections were made due to the 

Table 4 

 

Example MRQ Ratings for One Participant 

 Day 1 Day 2 

MRQ Resource 
Everyday 

Shooter 

Occlusions 

Task 

Everyday 

Shooter 

Occlusions 

Task 

auditory emotional process 0 0 0 0 

auditory linguistic process 40 10 0 50 

facial figural process 0 50 0 0 

facial motive process 0 0 0 0 

manual process 50 100 100 50 

short term memory process 100 100 50 50 

spatial attentive process 100 100 50 25 

spatial categorical process 80 50 25 10 

spatial concentrative process 75 25 50 25 

spatial emergent process 75 50 50 50 

spatial positional process 80 50 50 50 

spatial quantitative process 80 50 0 0 

tactile figural process 80 0 0 0 

visual lexical process 90 100 50 50 
visual phonetic process 80 15 0 0 

visual temporal process 70 75 10 15 

vocal process 0 0 0 0 

 
Critical Resource Averages 

 81.3 71.9 53.1 38.8 

 Noncritical Resource Averages 

 20 10 0 8.3 
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previously discussed robustness of the F-test to deviations from normality and violation of the 

homogeneity of variance (Lindman, 1974). 

 Everyday Shooter Resources. The ANOVA investigating MRQ ratings for Everyday 

Shooter revealed several effects. There was a main effect of Day, F(1, 48) = 9.33, p = .004, η
2

p
 = 

.16, indicating that MRQ ratings for Everyday Shooter dropped from Day 1 (M = 38.78, SE = 

1.48) to Day 2 (M = 34.66, SE = 1.20). As expected, the main effect of Resource, F(1, 48) = 

733.18, p < .001, η
2

p
 = .94, indicated that Critical resources were rated higher than Noncritical 

resources. 

 As hypothesized, there was a significant interaction of Resource × Expertise, F(1, 48) = 

7.59, p = .008, η
2

p
 = .14, although Expert ratings of Noncritical resources were not significantly 

lower than Novice ratings. However, a simple main effect of Expertise at ResourceCritical, F(1, 48) 

= 8.65, p < .05, but not ResourceNoncritical, F(1, 48) = 0.91, p > .05, revealed that Experts provided 

significantly higher Critical resource ratings (M = 68.74, SE = 2.59) than Novices (M = 60.22, SE 

= 2.50). This is depicted in Figure 7. While there was no main effect of Expertise to indicate that 

Experts provided higher overall ratings, perhaps Experts outperformed Novices on Everyday 

Shooter by relying more on Critical resources. 
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Figure 7. Two-way interaction between Resource × Expertise. MRQ ratings for Everyday Shooter are depicted with 

standard error bars. 

 

 As with Everyday Shooter performance, there was a three-way interaction between 

Training group × Instructions provided × Day, F(1, 48) = 9.04, p = .004, η
2

p
 = .16. Decomposition 

of this interaction revealed a simple interaction between training Group × Instruction provided 

on Day 2, F(1, 48) = 7.20, p < .05, but not Day 1, F(1, 48) = 0.32, p > .05. Further 

decomposition of this two-way interaction revealed that group ratings on Day 2 differed when 

Standard instructions were provided, F(1, 24) = 4.75, p < .05, but not when Additional 

instructions were provided, F(1, 24) = 2.59, p > .05. This simple main effect indicates that on 

Day 2 for those only receiving Standard instructions, the Visual Words group provided higher 

workload ratings (M = 38.66, SE = 2.26) than the Occlusions group (M = 31.2, SE = 2.57). 

Therefore with Standard instructions, the Occlusions group not only improved Everyday Shooter 

performance from Day 1 to Day 2, but also provided lower workload ratings than the Visual 

Words group on Day 2, while the Visual Words group did not improve from Day 1 to Day 2 and 
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provided higher workload ratings than the Occlusions group on Day 2. Day 2 performance is 

presented again alongside Day 2 workload ratings in Figure 8. 

 
Figure 8. Everyday Shooter scores on Day 2 are depicted in the left pane with standard error bars. MRQ ratings for 

Everyday Shooter on Day 2 are depicted in the right pane with standard error bars. 

 

 There was also a three-way interaction between Training group × Resource × Day, F(1, 

48) = 6.09, p = .017, η
2

p
 = .11, which is depicted in Figure 9. Decomposition revealed a two-way 

interaction between Resource × Day that was dependent upon training group, such that 

differences were seen for the Occlusions group, F(1, 24) = 4.58, p < .05, but not for the Visual 

Words group, F(1, 24) = 1.83, p > .05. Further decomposition of the Resource × Day at Training 

groupOcclusions interaction revealed that for those in the Occlusions group, ratings of Noncritical 

resources dropped from Day 1 (M = 12.73, SE = 2.55) to Day 2 (M = 5.8, SE = 1.64) of training 

(left pane of Figure 9), F(1, 24) = 11.49, p < .05, but there was no decline over days for Critical 

resources, F(1, 24) = 0.13, p > .05. 
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Figure 9. Three-way interaction of Group × Resource × Day. MRQ ratings for Everyday Shooter provided by the 

Occlusions group (left pane) and Visual Words group (right pane) are depicted with standard error bars. 

 

 This indicates that those in the Occlusions group maintained Critical workload over days 

while Noncritical workload dropped. This was expected given that the criterion checks suggest 

the occlusions task shares more resources with Everyday Shooter. 

A separate test of Everyday Shooter resources included the Control group and 

necessitated the exclusion of the instruction manipulation. This test revealed the same main 

effects of Day, F(1, 78) = 9.55, p = .003, η
2

p
 = .11, with ratings dropping over days, and 

Resource, F(1, 78) = 1143.48, p < .001, η
2

p
 = .94, with Critical resources rated higher than 

Noncritical resources. However, the interactions were only marginally significant: Training 

group × Resource × Day, F(2, 78) = 2.97, p = .057, η
2

p
 = .071; and Resource × Expert, F(1, 78) = 

3.25, p = .075, η
2

p
 = .04. 

 Training Task Resources. The ANOVA investigating resources demanded by the training 

tasks revealed a significant main effect of Day, F(1, 48) = 7.36, p = .009, η
2

p
 = .13, indicating that 

these ratings significantly dropped from Day 1 (M = 33.11, SE = 1.30) to Day 2 (M = 27.49, SE = 
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1.49). This reduction in ratings is seen alongside a significant drop in training task RTs from Day 

1 to Day 2. Also, as expected, there was a main effect of Resource, F(1, 48) = 416.74, p < .001, 

η
2

p
 = .90, indicating that Critical resources were rated higher than Noncritical resources. All other 

main effects and interactions were not significant, p > .05 in each case. 

Global Demand 

The GRQ is a similar measure to the MRQ that is not based on multiple resource theory 

and has only four items that measure subjective workload. Separate four-way factorial (Group × 

Instruction × Expertise × Day) ANOVAs were used to investigate global demand with the 

between-subjects factors of Group, Instruction, and Expertise, and the within-subjects factor of 

Day. These ANOVAs were used to examine main effects and interactions of the four GRQ 

items: Overall demand, Time demand, Mental demand, and Stress demand. Since these items 

cannot be averaged into one rating, four ANOVAs were used for Everyday Shooter ratings and 

four ANOVAs were used for training task ratings. As with the MRQ analyses, there is no 

argument for the inclusion of covariates. Also in accordance with Everyday Shooter and MRQ 

analyses, participants in the Control group were excluded from the analysis of Everyday Shooter 

global ratings. Although less important, a separate test is mentioned at the end of the Everyday 

Shooter section that includes the Control group and excludes the instruction manipulation. As 

with previous analyses, the same assumptions of the GLM were assessed. There were deviations 

from normality for some of the training task items and one violation of the homogeneity of 

variance for Mental demand on the training task. No corrections were made due to the previously 

discussed robustness of the F-test to deviations from normality and violation of the homogeneity 

of variance (Lindman, 1974). 
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Everyday Shooter Global Demand. There was no main effect of Expertise for any of the 

four ANOVAs investigating Everyday Shooter global demand. The ANOVAs did reveal main 

effects of Day for Time demand, F(1, 48) = 5.97, p = .018, η
2

p
 = .11, and Mental demand, F(1, 

48) = 4.15, p = .047, η
2

p
 = .079. Both Time demand and Mental demand declined over days. 

Regarding Overall demand, there was a Day × Group interaction, F(1, 48) = 5.38, p = .025, η
2

p
 = 

.10. A simple main effect of Training group on Day2, F(1, 48) = 6.21, p < .05, but not on Day1, 

F(1, 48) = 0.061, p > .05, indicated that on Day 2 the Occlusions group provided higher ratings 

of Overall demand than the Visual Words group. This is depicted in Figure 10. 

 
Figure 10. Two-way interaction between Group × Day. GRQ ratings for Everyday Shooter Overall Demand are 

depicted with standard error bars. 
 

A separate set of ANOVAs included the Control group and excluded the Instruction 

manipulation. These tests did not find significant main effects of Day for Time demand or 

Mental demand. The Day × Group interaction noted for Overall demand was significant, F(2, 78) 

= 3.11, p = .05, η
2

p
 = .074, and there was also a main effect of Day, F(1, 78) = 6.39, p = .014, η

2

p
 = 

.076, showing that Overall demand increased from Day 1 to Day 2. 
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Training Task Global Demand. The ANOVAs investigating global demand on the 

training tasks only revealed a significant main effect of Day for Mental demand, F(1, 48) = 4.55, 

p = .038, η
2

p
 = .087, and Stress demand, F(1, 48) = 4.45, p = .04, η

2

p
 = .085. For both effects, 

ratings dropped from Day 1 to Day 2. 

Working Memory Capacity 

 As previously discussed, spatial working memory capacity was measured with the 

Automated Symmetry Span Task (ASST) for use as a covariate in analyses of the performance 

data. This automated computer task scores participant responses by averaging proportions of 

correct scores per set and is described in Kane et al. (2004). While not planned in the original 

design, exploratory analyses were performed to examine the role of spatial working memory 

capacity in resource training. 

 ASST scores were correlated with Expertise to see if Novices and Experts had different 

spatial working memory capacities. A point-biserial correlation was used, since ASST is a 

continuous variable and Expertise is a categorical variable, and revealed a small-to-medium 

positive correlation between ASST and Expertise, r(82) = .233, p < .05. This suggests that 

Experts had higher spatial working memory capacities than Novices. Control participants were 

included in this analysis because neither the ASST nor Expertise variables are related to 

performance, and were therefore unaffected by the lack of a training task. When the Control 

group was excluded to allow examination of Everyday Shooter performance, the correlation with 

Expertise was no longer significant (p = .10), and correlations between ASST and Everyday 

Shooter performance on Day 1 (p = .88) and Day 2 (p = .08) were not significant either. 

 Exploratory analyses were performed to investigate the role of working memory on 

transfer by directly comparing those participants that improved over the course of training to 
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those that did not improve. Given this post hoc categorization, the following exploratory 

analyses should be interpreted with caution. Difference scores were computed for Everyday 

Shooter performance by subtracting Day 1 performance from Day 2 performance. After these 

scores were standardized, the ASST scores of participants that improved by at least 1 standard 

deviation were compared with the ASST scores of those that improved by less than 1 standard 

deviation. This led to uneven groups, as 8 participants met the improvement cutoff and 48 did 

not. An ANOVA revealed that there was not a significant difference in the ASST scores of the 

two groups, F(1, 54) = 0.97, p = 0.33. In order to analyze Day 1-Day 2 difference scores and 

spatial working memory capacity along a continuum, difference scores were also correlated with 

ASST scores, but the correlation was not significant, r(82) = .19, p = .077. 

Along these lines, it is reasonable to investigate the role of working memory in the 

absence of experience, as it is possible that working memory capacity could significantly aid 

performance in the absence of expertise. To do this, the same post hoc categorization was used 

on Novices only to see if Novices that improved had a higher ASST than those not improving. 

As expected this again led to uneven groups, 5 meeting the improvement cutoff and 25 not. An 

ANOVA revealed that there was no significant difference in ASST scores between Novices 

based on improvement, F(1, 28) = 2.73, p = .11. The magnitude of the difference was larger than 

the other test, as Novices improving (M = 26.0, SE = 1.10) had higher ASSTs than Novices not 

improving (M = 19.52, SE = 1.72), but significance was not reached, perhaps because there were 

too few participants. 

 Finally, exploratory multiple regression analyses were conducted to examine how well 

ASST and the other five factors (Training Group, Sex, Expertise, Instruction manipulation, and 

Initial performance) predicted Everyday Shooter performance on Day 1 and Day 2. For Day 1, 
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the model including all six factors was significant, F(6, 49) = 21.96, p < .001, and resulted in 

R
2
=.729. Thus, these six predictors accounted for 72.9% of the variance in Day 1 performance. 

However, only Expertise and Initial performance made significant contributions to explaining 

variance, indicating that Experts, and those with higher initial scores, performed better. On the 

other hand, when only ASST was included as a predictor the model was no longer significant, 

F(1, 54) = 0.023, p = .88, and R
2
 < .001. Therefore, ASST alone accounted for less than 1% of 

the variance in Day 1 performance scores. 

For Day 2, the model including all six factors was once again significant, F(6, 49) = 3.74, 

p < .005, and resulted in R
2 
= .314, with only initial performance making a significant 

contribution. When ASST was used in a separate model as a lone predictor, the model was not 

quite significant, F(1, 54) = 3.18, p = .08, and resulted in R
2 
= .056. Although closer, ASST alone 

was unable to account for a significant degree of variance on Day 1 or Day 2 of Everyday 

Shooter performance. 
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DISCUSSION 

Given that demanding tasks such as flying aircraft leave no room for human error, there 

is a need to understand how to maximize skill development when training operators to undertake 

these tasks. At present there is much debate in the training community over how to best train 

these operators and achieve maximum skill transfer. Should training only focus on recreating the 

target task using whole-task training or are there benefits to training with a subcomponent of the 

target task using part-task training? Many researchers have found that part-task training can lead 

to performance gains (Ash & Holding, 1990; Gopher et al., 1994; Whaley & Fisk, 1993; 

Wightman & Lintern, 1985). 

Instead of utilizing subcomponent tasks of a more complex target task, the present study 

employed a variation of part-task training to investigate the mental resources required to perform 

a target task – termed resource training. Given that there are established inventories (e.g., MRQ) 

for breaking down the demand a target task places on different resources, this is a logical 

endeavor. Instead of investigating whether practicing a specific subcomponent transfers to a 

target task, the present project investigated whether training specific mental resources transfers 

to a target task. Participants alternated back-and-forth between a training task and a complex 

video game four times a day over two days. The training tasks were previously shown to heavily 

tax a specific resource. 

The basis of the project, transfer of trained skills, is a long-standing issue in cognitive 

psychology. The present study had three goals to contribute to this line of research: assess the 

feasibility of resource training, assess the effect of providing metacognitive instructions, and 
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examine the role of expertise by including video game experts. The second of these goals was 

intended to examine the effect that instructions have on the potential for transfer by helping 

participants identify critical aspects of the training and target tasks. This is rarely emphasized in 

experimental settings but is always stressed in operational training. 

Tasks employed in resource training are generally simpler than high-fidelity simulators, 

cheaper, and run on low-cost computers. Therefore, they are accessible to many more trainees. 

The implications of the findings and the benefits to resource training over high fidelity 

simulation will be further addressed in the following sections. 

Everyday Shooter Performance and Resource Ratings 

During data analysis it became clear that Everyday Shooter performance and Everyday 

Shooter MRQ resource ratings were related. Therefore, performance and resource conclusions 

are discussed in tandem. One major goal of the present study was to test the feasibility of 

resource training to see if training with a task that is appropriate for training would lead to 

improved performance. This prediction was supported, as the Occlusions group significantly 

improved Everyday Shooter performance from Day 1 to Day 2 when Standard instructions were 

provided, whereas the Visual Words group did not improve over days. This finding carries 

implications both for resource training, which will be addressed presently, and methodological 

concerns involving the role of instruction in training and the impact of the alternating design on 

resource training. 

Along with better performance for the Occlusions group, analysis of resource utilization 

data revealed that the Occlusions group maintained Critical workload over days while 

Noncritical workload dropped. This supports the resource training conclusion and was expected 

given that the criterion checks suggest that the occlusions task shared more resources with 
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Everyday Shooter. Alternatively, those completing visual words, which shared fewer resources 

with Everyday Shooter, showed a decline in Critical resource ratings over days. This is further 

evidence that resource training is specifically what led to an increase in Everyday Shooter 

performance for those in the Occlusions group, as the Occlusions group consistently used 

Critical resources over days, while the Visual Words group showed a decline in Critical resource 

utilization over days and was outperformed. 

This finding supports the plausibility of resource training by demonstrating that training 

with a task that shared more resources with Everyday Shooter led to better performance. This 

instance of resource training was achieved by having participants alternate back and forth 

between the training task and Everyday Shooter. As detailed in the Introduction, recent 

investigations in this laboratory finding evidence of transfer have employed this alternating 

design (e.g., Boles & Penn, 2010), while studies have struggled to find consistent evidence of 

transfer when the training sessions were massed together so that participants were exposed to 

several consecutive sessions with the training task before performing the target task (Boles, 

2009). Perhaps alternating back and forth between the two tasks made task relationships clearer 

and allowed participants to immediately transfer and apply learned skills. Since this notion is 

related to the impact of the instruction manipulation, it will be further discussed below. 

Furthermore, the resource training finding could be taken to suggest that information 

uptake and training of specific mental processes are routes to successful training, and that 

recreation of a target task, or parts of a target task, is not the only way to train skills. The 

implications of the resource training finding stretch beyond basic science into real-world training 

scenarios as well. While the present project did not directly compare resource training to the 

recreation of a target task to see which is more effective, the findings did involve a relatively 
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complex video game. Therefore, the findings lend support for training programs that have 

individuals train for a target task without interacting with the target task, as long as the training 

task draws upon the same resources as the target task (e.g., a low-fidelity virtual cockpit instead 

of an actual airplane cockpit). Such a setup would carry the benefits of being cheaper, safer, and 

more accessible. 

Instruction Manipulation. There are also implications for the impact that instructions 

have on training – the second goal of the present study. It was expected that additional 

instructions regarding similarities between the training task and video game would lead to better 

performance. The results of the study were discordant with this expectation, but reveal an 

important finding in that the Occlusions group only improved from Day 1 to Day 2 when 

Standard instructions were provided, while there was no improvement when Additional 

instructions were provided. Evidence from the MRQ would suggest that the occlusions task 

shared more resources with Everyday Shooter than the visual words task, and as expected the 

Visual Words group did not improve with Standard or Additional instructions. However, counter 

to what was expected the Occlusions group did not improve with Additional instructions. Likely, 

the Occlusions group was harmed by the Additional instructions. It is possible that the explicit 

learning strategy interfered with learning and performance on Day 2 of training because, by this 

point, most of the implicit learning may have already taken place. 

 Not only did the Additional instructions lead to no performance improvement for the 

Occlusions group, but the instruction manipulation also affected resource utilization. When 

Standard instructions were used, the Occlusions group not only improved from Day 1 to Day 2, 

whereas the Visual Words group did not, but the Occlusions group also provided lower workload 

ratings than the Visual Words group on Day 2 (Figure 8). Thus the Occlusions group excelled at 
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the task and also did not work as hard. This supports the notion that the instruction manipulation 

was detrimental because this effect was only found when Standard instructions were used. In 

other words, those in the Occlusions group scored no higher nor did they provide lower workload 

ratings when Additional instructions were provided. 

 It is clear that the instruction manipulation was detrimental and unnecessary in the design 

used in the present study. The additional instructions likely functioned as an explicit strategy that 

interfered with performance. The instruction manipulation findings carry implications for basic 

and applied settings, as well as for resource training – the primary goal of the present study - as it 

could be argued that, in addition to better performance, reductions in workload were an added 

benefit to resource training. 

 The justification for including the instruction manipulation was that individuals in 

operational settings are aware of the fact that they are training skills to be transferred to another 

task. The issue was raised as to whether participants in a research study are aware of this without 

being explicitly told. The results of the present study could be interpreted as evidence that all 

participants, Novice and Expert alike, were at least mildly aware of the purpose of training the 

two tasks together, because there was not a single instance where Additional instructions 

improved performance. If participants were already aware that they were training the two tasks 

together for a reason, then an explicit strategy such as the Additional instructions may have 

interfered with performance late in training by disrupting automaticity instead of making the 

connections between the tasks apparent. This finding has methodological implications for 

training research because it suggests that on some level participants may be subtly aware that 

they are training two tasks for some specific reason and therefore do not need to be told exactly 

why they are being asked to perform certain tasks together. In accordance with Verdolini-
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Marston and Balota (1994), such attempts may give participants an additional, unnecessary task 

that distracts them from the core activity of interest. Verdolini-Marston and Balota introduced 

elaborative and perceptual mental strategies before a perceptual-motor task and found no 

evidence of improved implicit memory performance (priming). They claimed that the additional 

strategy essentially functioned as a secondary task, and that perhaps implicit perceptual-motor 

memory manifestations do not develop when participants must attend to a mental strategy. 

Schacter, Cooper, and Delaney (1990) also concluded that implicit performance is negatively 

affected by an elaborative encoding strategy because it disrupts perceptual processing. 

Furthermore, it is possible that the Additional instructions prevented video game players 

from experiencing flow. Flow theory (Csíkszentmihályi, 1990) is the concept of an individual 

being fully immersed in an activity. While there are several components of flow, the idea centers 

around an individual being wholly focused and motivated to perform a task. This concept has 

been used in many fields, including gaming, and is raised here because of the possibility that the 

explicit instruction manipulation may have disrupted flow by forcing participants to monitor 

their own thoughts and strategies to look for similarities between the two tasks instead of being 

more fully immersed in the tasks. 

 It is also possible that the alternating design used in the present study helped illuminate 

connections between the training and target task by allowing participants to immediately transfer 

practiced skills. It was suggested in the Introduction that alternating the training task with the 

target task may help make task relationships clearer. The findings support this notion, as the 

Occlusions group showed evidence of resource training and the Additional instructions harmed 

performance. Apparently, the alternating design is a powerful means of producing transfer, as it 

led to better performance on the target task and removed the need for Additional instructions on 
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task similarities. The alternating design allowed participants to immediately transfer trained 

skills and also provided an opportunity to see the effects of training on two tasks instead of only 

one. 

Expertise. The third goal of the present study was to examine the role of expertise. It was 

expected that Novice performance on Everyday Shooter would improve from Day 1 to Day 2 

while Expert performance remained constant. This was not fully supported as neither Experts nor 

Novices improved over days, collapsed over the levels of the other independent variables. There 

were other hypotheses regarding expertise and Everyday Shooter performance that were not 

supported either. The lack of any significant interaction involving expertise would seem to 

indicate that expertise likely had no influence on Everyday Shooter performance other than the 

hypothesized main effect of Expertise revealing that Experts outperformed Novices on Everyday 

Shooter. Perhaps a longer training paradigm is needed to find evidence of interactions involving 

expertise. The fact that performance over days did not interact with expertise does not lead to the 

conclusion that training did not occur, because performance over days did interact with the 

training group and instruction manipulation that participants received. 

 It was also hypothesized that Experts would provide lower ratings of Noncritical 

resources. This was expected because of their ability to rely upon previous knowledge to filter 

attention (Alberdi et al., 2000) and focus on specific features of a task for categorization 

(Johnson & Eilers, 1998). Instead, the results revealed that Experts provided significantly higher 

ratings of the Critical resources. Instead of narrowing down the resources necessary for 

performing a task, Experts used their abilities to sustain higher levels of workload than Novices. 

This finding provides insight into how Experts are taxed during a task and could be a major 
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factor leading to superior performance by Experts. Perhaps Experts performed better because 

they were able to sustain higher levels of workload without recruiting Noncritical resources. 

 Another issue dealing with Expert ratings is that there is no guarantee that Novices and 

Experts rated the MRQ in the same fashion. The MRQ has been used to gather workload ratings 

from general participants (Boles & Adair, 2001a; Boles, 1991, 1992, 1996), not specifically 

experts in any domain. Nevertheless, either way the conclusions are the same. If Novices and 

Experts approached the MRQ in the same way, then Experts sustained significantly higher 

critical workload, as previously discussed. However, if Novice and Expert ratings were not the 

same, based on the previously discussed findings regarding Experts’ superior categorization and 

filtering abilities, it is reasonable to suspect that Experts have an increased capacity for workload 

and therefore rated the MRQ items lower than Novices – a notion which is supported by the 

finding that Experts had higher spatial working memory capacities than Novices. For example, a 

Novice who felt particularly taxed on the spatial emergent process may rate it 90, but an Expert 

experiencing the same load may rate it 75. If this were the case, the conclusions of the present 

study would be strengthened because it would suggest that if Experts have an increased capacity 

and still provided higher ratings, that they were sustaining workload that was much higher than 

Novices. 

Training Task Performance 

 Although fewer significant effects came out of the training task analysis, each of the three 

goals was empirically addressed. First, as hypothesized, those in the Occlusions group had a 

higher number of correct responses than those in the Visual Words group. This finding serves as 

evidence of resource training because training the occlusions task with Everyday Shooter, two 

tasks sharing many resources, led to improved performance on the occlusions task. In fact, 
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training these two tasks together led to improved performance on both the occlusions task and 

Everyday Shooter (Standard instructions only). 

 Secondly, a finding with the instruction manipulation warrants discussion because it 

resembles what was found for Everyday Shooter performance. A trend from a nearly significant 

Group × Instruction interaction (p = .059) suggests that the Additional instructions hurt 

performance on the occlusions task, while there was no difference on the visual words task. This 

is similar to what was found for Everyday Shooter performance, where Occlusions with Standard 

instructions improved over days while Occlusions with Additional instructions did not, and leads 

to the conclusion that the explicit learning strategy may have negatively impacted performance 

on all tasks - Everyday Shooter and the training tasks alike. 

 Addressing the third goal, as with Everyday Shooter performance and resource 

utilization, there was a general lack of significant findings involving expertise. One of the only 

potential findings involving expertise was a marginally significant interaction (p = .082) with no 

significant simple main effects. This trend may be taken to suggest that the Additional 

instructions did not aid or harm Expert performance on the training tasks while Novice 

performance showed the previously noted pattern of performing better on the occlusions task 

with Standard instructions only (Figure 6). If this effect were significant, it would indicate that 

Novice performance on the training tasks was more susceptible to the distracting nature of the 

Additional instructions, while Expert performance was unaffected. Perhaps additional training 

sessions are needed to identify interactions between Novice and Expert performance and 

resource ratings. 

The only significant effects involving expertise revealed that Novices were more accurate 

on the training tasks than Experts, while Experts were quicker to respond. Since the instructions 
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for the training tasks directed participants to respond “as quickly and accurately as possible,” this 

likely indicates a speed-accuracy tradeoff where Experts responded faster with slightly less 

concern for accuracy. Given this speed-accuracy tradeoff, it is not possible to determine whether 

Experts outperformed Novices on the training tasks or vice versa. This determination would only 

have been possible if both RT and accuracy were superior for one group, or if only one 

dependent measure showed a difference between groups while the other was equal between 

groups. 

One final finding from the training tasks warrants discussion because it relates 

performance changes to workload changes. There was a significant decline in resource ratings of 

the training tasks from Day 1 to Day 2. This was accompanied by a significant drop in RTs for 

the training tasks. This demonstrates that it is possible to see a decline in workload ratings and a 

simultaneous improvement in performance, in the form of reduced RTs. Simultaneous 

performance improvements and workload reductions could either be due to the workload ratings 

being inferred from performance or there being parallel improvements in performance and less 

workload. The present finding supports the conclusion that the two effects can exist in parallel 

and are not necessarily inferred from one another, as it is highly unlikely that participants would 

have noted a drop in their Day 2 median RT, on the order of 66ms on average, and inferred from 

this that they did not work as hard. 

Conclusions 

 The present study investigated three issues within the realm of training: whether resource 

training is feasible, whether it is affected by metacognitive instructions, and whether it is affected 

by expertise. The findings shed light on each of these issues and will be briefly summarized 

before addressing limitations and future directions. 
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First, resource training does seem entirely possible. The findings indicate that alternating 

between a training task and a target task with shared resources led to better performance on the 

target task, and also on the training task. This not only demonstrates transfer of trained skills 

from a simple task to a complex task, but also from a complex task to a simple task. This finding 

warrants further investigation with other mental resources, other training and target tasks, and 

other environments. Specific recommendations for follow-up investigations are detailed in the 

following section on future directions, but it appears that performance on a complex target task 

can be improved by practicing a separate task that draws upon similar resources as the target 

task, without exposure to subcomponents of the target task or additional exposure to the target 

task itself. With this finding, the present project has succeeded where previous studies did not, 

such as Phillips (2007), in demonstrating resource training from a simple task to a complex task. 

The reason for finding significant differences was likely the utilization of a complex task with a 

less varied scoring system, the inclusion of other factors such as expertise and working memory 

capacity, and the use of alternating training, which served to elucidate task relationships. The 

results thus extend the findings of Boles and Penn (2010) and Boles (1997) by providing an 

instance of successful transfer via the alternating design. The recent investigations in our 

laboratory finding evidence of transfer have employed this alternating design, while studies that 

massed the training sessions together before performing the target task have not found consistent 

evidence of transfer (Boles, 2009). 

Secondly, additional metacognitive instructions negatively impacted performance. The 

Additional instructions were intended to point out similarities, both structural and resource-

based, by employing the strategy known as similarity instruction (Butterfield & Nelson, 1991). 

The present study directly encouraged participants to think about task similarities and resource 
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similarities instead of indirectly encouraging participants to think about dimensions of the task. 

Instead, the Additional instructions led to poorer performance for the training and transfer tasks. 

Apparently, focusing on one’s own cognitive activities and monitoring the effectiveness of 

strategies can negatively impact the performance of experts and novices. Instead of gathering a 

better understanding of the tasks, this explicit strategy likely disrupted performance. 

These findings could be taken to suggest that additional metacognitive instructions 

should not be used in basic or applied settings. In real-world training scenarios, individuals are 

likely aware that they are training two tasks together for a reason. From a methodological 

standpoint, additional instructions may also be harmful in laboratory investigations as well. In 

this study, perhaps participants were aware that they were training two tasks together in the 

laboratory and did not need to be explicitly informed. This was a possible conclusion for 

participants to draw, since only two tasks were being trained in an investigation of “Video game 

Training,” which was the title of the project on the subject pool website. Maybe such instructions 

would be helpful when several tasks are being trained and their roles are ambiguous. Also, 

previous investigations that found increased potential for transfer from additional instructions 

involved problem solving tasks, such as the Towers of Hanoi task. Perhaps additional 

instructions can be more helpful with these tasks where it is easier to teach specific rules and 

strategies, than with the training of specific mental resources. In order for participants to identify 

critical aspects of a task that call for the use of a certain strategy (Mann, 1979), standard task-

specific instructions and alternating training may be all that is needed, as opposed to additional 

metacognitive instructions. It is possible that having participants alternate back and forth 

between the simple and complex task accomplished what the instruction manipulation was 

intended to do by making task relationships apparent. 
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Third, experts were included to investigate the impact of expertise on transfer of training, 

and because Phillips (2007) claimed that expertise may have affected workload ratings. The 

major finding regarding expertise is that Experts rated Critical resources as being more taxed 

than Novices. Given the general lack of other findings involving expertise, it seems that one of 

the core differences between Experts and Novices is resource utilization. The most likely 

explanation for superior Expert performance on Everyday Shooter is that Experts were able to 

maintain higher levels of Critical workload without involving Noncritical resources. 

In the Introduction, several investigations of expertise are detailed that took various 

routes to explaining differences between experts and novices, such as experts’ superior ability to 

direct attention to appropriate cues (Wickens & Hollands, 2000), the connection between 

knowledge and perception that allows experts to do a better job of observing objects and 

inferring features (Mervis et al., 1993; Alberdi et al., 2000; Johnson & Eilers, 1998), and how 

action schemas affect novice and expert performance. The present study took a different 

approach of examining mental workload from a resource perspective and noted that while 

resource utilization did not explain transfer of trained skills, resource utilization may be a major 

factor in superior expert performance. It was suggested in the Introduction that the various 

factors leading to superior expert performance all play a role in freeing up mental resources that 

can then be directed to relevant aspects of tasks. It appears instead, that these factors affect 

resource utilization by increasing the amount of workload that experts can maintain and direct to 

a task. While the specific mechanisms by which experts were able to maintain higher critical 

workload were not examined, and are likely intertwined, a few will be addressed in order to 

relate them to the workload findings of the present study. 
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One mechanism that separates experts from novices is decision making when looking for 

cues (Wickens and Hollands, 2000), as experts are better at directing attention to appropriate 

cues. An examination of expert scanning strategies by Bellenkes et al. (1997) demonstrated that 

experts are better at allocating resources on a flight simulation task. This raises the possibility 

that experts are able to maintain higher amounts of critical workload because they have more 

experience directing resources within their domain of expertise, and are more familiar with 

maintaining this workload over time. This implies that expertise carries a two-fold benefit 

because less time is spent searching and more time is spent analyzing important features with 

better directed Critical resources. Supporting this notion, studies have made a connection 

between knowledge and perception that allows experts to do a better job of observing objects and 

inferring features. The idea is that perception recruits extant knowledge, which in turn guides 

perception to relevant information (Mervis et al., 1993; Alberdi et al., 2000; Johnson & Eilers, 

1998). Therefore, experts experience this two-fold benefit because their perception is guided to 

appropriate features by knowledge. 

Also, Phillips (2007) introduced the possibility that having to learn action schemas 

(stimulus-response mappings specific to one task) can interfere with optimal performance on 

complex tasks, especially early in training. This could be an additional factor responsible for the 

difference between Expert and Novice performance and workload. Perhaps video game Experts 

did not have to try as hard to learn the response mappings to control the game. The Novices 

provided lower Critical workload ratings than Experts and presumably had to dedicate some of 

these resources to learning action schemas, while Experts, providing higher Critical resource 

ratings, worked harder overall and presumably did not have to dedicate as many resources to the 

action schemas. This likely indicates that Experts were focusing much harder on gameplay. 
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In conclusion, the major findings of the present project are that resource training via the 

alternating design is a viable option for training a complex task. Additionally, the ability to 

maintain higher critical workload is a factor in superior Expert performance. Finally, while the 

additional metacognitive instructions negatively impacted performance, the use of the alternating 

design likely served to make task relationships apparent to participants and is a powerful means 

of achieving transfer. The successful implementation of resource training with an alternating 

design suggests that a practical way to achieve skill transfer is to select a simple task that shares 

resources with a complex task, and alternate training between the two. 

Limitations 

 A limitation to the present study is that resource training was examined with a video 

game. One could question whether transfer from a computer task to a video game is the same as 

transfer from a computer task to an operational task such as flying aircraft. While video games 

are being used more often for empirical research and rehabilitation, they are primarily designed 

and used for entertainment purposes. It is possible that the participants approached the video 

game differently than they would have an operational task, which is an occupational assignment 

where failure can have serious consequences, such as failure to identify enemy aircraft on a radar 

screen. Transfer may function differently in such settings. 

Another possible limitation is that the Expert participants included in the present project 

were video game players. The video game industry is rapidly expanding and therefore video 

game players have a wide array of interests and activities. Given this changing landscape, it is 

challenging to assess the habits of video game players. The measure used in the present study, 

the GXQ, took the empirically supported approach of assessing overall number of hours of 

gameplay and deliberateness of gameplay, but ignored gameplay within any specific genre. It is 
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possible that resource training would affect those that play, for example, first-person shooters 

differently than those that primarily play racing simulators. Also, mobile gaming is on the rise 

with handheld devices such as smartphones becoming more common. It is not known if 

experience gaming on such devices leads to expertise the same way as traditional computer and 

console gaming. Finally, participants self-reported their video game playing habits. While it is 

possible that participants did not accurately self-report their exposure to video games, a 

counterargument to this limitation is that Ericsson et al. (1993) found that their participants were 

able to accurately report not only current levels of practice with video games, but also past levels 

of practice. Additionally, a main effect of Expertise was found for Everyday Shooter 

performance, indicating that Experts outperformed Novices. 

A separate issue needing clarification deals with the MRQ. In the present study, 

participants training with the occlusions task provided lower than expected ratings of the spatial 

emergent process. This was unexpected due to the fact that the description of the spatial 

emergent process was modeled on the occlusions task. Although the Occlusions group provided 

significantly higher ratings of the spatial emergent process than the Visual Words group, it was 

surprising to find that this resource was not rated as critical to the performance of the occlusions 

task. This is a minor issue, but consideration might be given to rewording the description of the 

spatial emergent item on the MRQ. 

Future Directions 

 This project indicates that resource training has promise. From a performance standpoint, 

significant effects were noted with 84 participants (and only 56 in some analyses) training for 8 

sessions over 2 days. However, not all hypotheses were supported and relatively few significant 

effects were noted for expertise, training task RT, and global demand. Perhaps future 
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investigations should use a longer training period, and assume a small effect size and include 

more participants. Additional training sessions would give participants more opportunities to 

identify similarities between training and transfer tasks, which would likely amplify performance 

differences between the groups. 

Also, the resource training paradigm used in the present project had participants train 

only one isolated resource. Future investigations should have participants train with multiple 

resources. Training with several resources relevant to a target task could provide a greater 

potential for transfer. However, it is possible that allowing interactions between resources during 

training may stunt transfer by leading to confusion. Regardless, training with multiple resources 

would likely interact with the instruction manipulation. This is a relatively unexplored aspect of 

resource training and could provide further insight into the effect that instructions have. 

Another topic warranting future investigation is the relation of spatial working memory 

capacity to both task performance and resource utilization. Ultimately, spatial working memory 

capacity did not significantly impact the potential for transfer, as there was no difference in the 

ASST scores of those that improved versus those that did not, but higher working memory 

capacity may have helped Novices more than Experts. Also, spatial working memory capacity 

was not responsible for much variance on Day 1, but it was a nearly significant predictor on Day 

2 when differences in performance were seen. Finally, although spatial working memory 

capacity has not previously been associated with MRQ ratings, the finding that Experts had 

higher spatial working memory capacities than Novices warrants future investigation, as 

increased spatial working memory capacity may play a role in higher critical workload ratings 

for Experts. 
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Future investigations should also increase the complexity of the training and transfer 

tasks. While Everyday Shooter is a relatively complex video game when compared to computer 

tasks requiring basic perceptual categorizations, it is not as complex as an operational task such 

as driving a vehicle or flying an aircraft. It is important to know if resource training can “scale 

up” to more complex environments such as virtual cockpits. 
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APPENDIX A 

Gaming Experience Questionnaire 
 

Instructions: Please provide the following information regarding your experience 

playing video games.  If you have any questions, feel free to ask the experimenter. 

 

 Estimate the average number of hours per week you have spent… 
 

o playing video games during the time in your life when you played video games the most 

(e.g., PlayStation, Xbox, computer games). 
 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 

        

 
o playing video games within the past two years (e.g., PlayStation, Xbox, computer 

games). 
 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 

        

 
o playing First Person Shooters within the past two years (e.g., Halo, Half-Life, Call of 

Duty). 
 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 

        

 
o playing Flight Simulators or flying games within the past two years (e.g., Microsoft 

Flight Simulator, X-Plane, Ace Combat). 
 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 

        

 
o playing puzzle video games within the past two years (e.g., Tetris, Bust-A-Move). 

 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 

        

 
o researching strategy for video game play within the past two years (e.g., watching peers 

play, reading strategy guides). 
 

0-1 2-4 5-7 8-10 11-13 14-16 17-19 20+ 
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 At what age did you begin playing video games?   

 What is your current age?  

 

 

 

 Indicate your level of agreement with the following statements: 

(1 = strongly disagree, 3 = neither agree nor disagree, 5 = strongly agree) 
 

o Since I started playing video games, I have played continuously ever since 

       1  2  3  4  5  

 

o I play video games with others, either online or in-person, with the deliberate attempt to 

improve my performance    1  2  3  4  5  

 

o I try to earn accomplishments within games that are not necessarily tied to pleasure (e.g., 

trophies, achievements, kill-to-death ratio)  1  2  3  4  5  

 

 

 

 Please rate the degree to which you enjoy playing video games 

(0 = extreme dislike, 4 = neither like or dislike, 8 = extreme enjoyment) 

0 1 2 3 4 5 6 7 8 

         

 

 

 Estimate your level of expertise playing video gaming in general 

(0 = novice, 4 = intermediate, 8 = expert) 

0 1 2 3 4 5 6 7 8 
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APPENDIX B 

MULTIPLE RESOURCES QUESTIONNAIRE     for task     

 
The purpose of this questionnaire is to characterize the nature of the mental processes 
used in the task with which you have become familiar.  Below are the names and 
descriptions of several mental processes.  Please read each carefully so that you 
understand the nature of the process.  Then rate the task on the extent to which it uses 
each process, using the following scale.  
 
 

no 
usage 

light 
usage 

moderate 
usage 

heavy 
usage 

extreme 
usage 

 

     

     
 
0 

 
25 

 
50 

 
75 

 
100 

 
 
Important:  
 
All parts of a process definition should be satisfied for it to be judged as having been 
used.  For example, recognizing geometric figures presented visually should not lead 
you to judge that the "Tactile figural" process was used, just because figures were 

involved.  For that process to be used, figures would need to be processed tactilely (i.e., 
using the sense of touch). 
 
Please judge the task as a whole, averaged over the time you performed it.  If a certain 
process was used at one point in the task and not at another, your rating should not 
reflect "peak usage" but should instead reflect average usage over the entire length of 
the task. 
 
 

Auditory emotional process -- Required judgments of emotion (e.g., tone of voice or 
musical mood) presented through the sense of hearing.   
 
Auditory linguistic process -- Required recognition of words, syllables, or other verbal 
parts of speech presented through the sense of hearing.   
 
Facial figural process -- Required recognition of faces, or of the emotions shown on 
faces, presented through the sense of vision.   
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Facial motive process -- Required movement of your own face muscles, unconnected to 
speech or the expression of emotion.   
 
Manual process -- Required movement of the arms, hands, and/or fingers.   
 
Short term memory process -- Required remembering of information for a period of 
time ranging from a couple of seconds to half a minute.   
 
Spatial attentive process -- Required focusing of attention on a location, using the sense 
of vision.   
 
Spatial categorical process -- Required judgment of simple left-versus-right or  
up-versus-down relationships, without consideration of precise location, using the 
sense of vision.   
 
Spatial concentrative process -- Required judgment of how tightly spaced are 
numerous visual objects or forms.   
 
Spatial emergent process -- Required "picking out" of a form or object from a highly 
cluttered or confusing background, using the sense of vision.   
 
Spatial positional process -- Required recognition of a precise location as differing from 
other locations, using the sense of vision.   
 
Spatial quantitative process -- Required judgment of numerical quantity based on a 
nonverbal, nondigital representation (for example, bargraphs or small clusters of items), 
using the sense of vision.   
 
Tactile figural process -- Required recognition or judgment of shapes (figures), using 
the sense of touch.   
 
Visual lexical process -- Required recognition of words, letters, or digits, using the 
sense of vision.   
 
Visual phonetic process -- Required detailed analysis of the sound of words, letters, or 
digits, presented using the sense of vision.   
 
Visual temporal process -- Required judgment of time intervals, or of the timing of 
events, using the sense of vision.   
 
Vocal process -- Required use of your voice.   
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APPENDIX C 

GLOBAL RATING QUESTIONNAIRE     for task      

 
We would also like to characterize the task in terms of "global" demand on the person 
performing it.  Below are the names and descriptions of several global dimensions.  
Please read each carefully so that you understand the nature of the dimension.  Then 
rate the task on the extent to which it uses each dimension, using the following scale. 
 
 

no 
demand 

light 
demand 

moderate 
demand 

heavy 
demand 

extreme 
demand 

 

     

     
 
0 

 
25 

 
50 

 
75 

 
100 

 
 

Overall demand -- Required overall demand on the performer.   
 

Time demand -- Required time pressure on the performer, including pressure to 
perform continuously without lapse of attention.   
 

Mental demand -- Required mental and perceptual demand on the performer.   
 
Stress demand -- The anxiety, confusion, and frustration experienced by the performer.   
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APPENDIX D 

The following metacognitive instructions were given to the Occlusions group (Task appropriate): 

 

 

The following is an explanation of the similarities between the occlusions task and 

Everyday Shooter and the benefits that come from training with both of these tasks. Please read 

along with me. I will ask questions at the end to gauge your comprehension. 

There are structural similarities that exist between the occlusions task and Everyday 

Shooter. The occlusions task involves making a decision about one object covering up another 

object, or occluding it. You will also need to be able to perform this same type of discrimination 

in the video game as objects moving across the screen will commonly cover up one another. 

It is thought that learning how to quickly discriminate which object is covering up 

another object in the occlusions task will aid your performance on Everyday Shooter. Try to use 

this trained skill as you complete the video game, because as you train the occlusions task your 

performance may improve and you may be able to free up mental resources so that attention can 

be given to other aspects of Everyday Shooter. 

 

Do you have any questions about this explanation of the similarities between the tasks? 

What is the similarity being emphasized between the two tasks? 

What benefit may be seen in Everyday Shooter as a result of training with the occlusions task? 
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APPENDIX E 

The following metacognitive instructions were given to Visual Words group (Task 

inappropriate): 

 

 

The following is an explanation of the similarities between the visual words task and 

Everyday Shooter and the benefits that come from training with both of these tasks. Please read 

along with me. I will ask questions at the end to gauge your comprehension. 

There are structural similarities that exist between the visual words task and Everyday 

Shooter. The visual words task involves deciding whether a word number represents an odd or 

even value. In order to do this though, you must first read the word, which means you have to 

process or recognize the shape of the individual letters. You will also need to be able to perform 

this same type of discrimination in the video game as objects moving across the screen come in 

many different shapes and you will need to decide whether they are friendly or not. 

It is thought that learning how to quickly discriminate shapes in the visual words task will 

aid your performance on Everyday Shooter. Try to use this trained skill as you complete the 

video game, because as you train the visual words task your performance may improve and you 

may be able to free up mental resources so that attention can be given to other aspects of 

Everyday Shooter. 

 

Do you have any questions about this explanation of the similarities between the tasks? 

What is the similarity being emphasized between the two tasks? 

What benefit may be seen in Everyday Shooter as a result of training with the visual words task? 
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APPENDIX F 

 


