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Abstract 
 

This study investigated the relationship between the cognitive load experienced during 

training, cognitive ability and previous electronic gaming experience, and the transfer 

of performance to a novel situation. The training and transfer of dynamic decision 

making (DDM) performance from one decision making environment to another is 

critical for the development of effective performance under operational DDM 

conditions. 

 

Cognitive ability was assessed with the standardised measures, Raven’s Standard 

Progressive Matrices and WOMBAT™ version 4.0, respectively. Electronic gaming 

experience was measured with a Likert Scale. Next, the computer game called Fire 

Department 3 was used to simulate various DDM environments. Participants’ practiced 

completing fire fighting objectives under either low or high conditions of cognitive load 

and then performed a (transfer) test in an alternative fire fighting environment under 

an intermediate level of cognitive load. Sixty-three students completed the study. 

Based on previous findings, it was expected that only the performance of participants 

who practiced under low cognitive load would improve significantly from the practice 

phase to the test phase, and the degree of positive transfer would be largest for those 

with low cognitive ability or no recent gaming experience. It was also predicted that 

WOMBAT™ test scores would be more predictive of DDM performance than Raven 

test scores. 

 

A repeated measures analysis of covariance (ANCOVA) revealed a significant three-way 

interaction between test phase (practice and transfer), cognitive load (high or low) and 

previous electronic gaming experience. As predicted, WOMBAT™ test scores were 

found to be more predictive of FD3 simulation performance than Raven test scores.  

 

Contrary to expectation, the relationship between cognitive load and transfer 

performance was not significantly related to cognitive ability. Furthermore, the results 

showed that the mean performance of neither group improved significantly between 

the practice phase and the test phase. Overall, compared to practicing under high 
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cognitive load, practicing under low cognitive load was associated with better practice 

phase performance. However, compared to practicing under high cognitive load, 

practicing under low cognitive load was also associated with a significant reduction in 

performance on the first transfer test for participants with recent gaming experience, 

but not for participants without recent gaming experience. The results from a second 

transfer test, although non-significant, were consistent with the results of the first 

transfer test.   

 

Major implications of the present study are that training conditions which facilitate 

faster skill acquisition and improved performance during training are not directly 

related to better transfer performance. It was found that high levels of cognitive load 

may be used during training to improve transfer performance. However, the 

interaction between test phase, cognitive load and previous electronic gaming 

experience shows that, to maximise transfer performance, cognitive load during 

training must be tailored to the characteristics of different individuals (e.g., level of 

electronic gaming experience). This study also shows that the WOMBAT™ test appears 

to have specificity for discriminating between different levels of performance in 

laboratory and real-world DDM environments.  
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Training and Transfer of Dynamic Decision Making Performance 

 

1.1 An Introduction to Dynamic Decision Making 

  

Dynamic decision making (DDM) is characterised by interdependent sequences of 

decisions, in which current response options are influenced by prior decisions and 

future response options are influenced by current decisions. Dynamic decisions are 

executed in real-time and bound by the environment in which they occur (Gonzalez, 

2005). The decision sequence of an air traffic controller (ATC) typifies DDM. For 

example, once an altitude setting or approach heading has been issued to one aircraft, 

those flight parameters cannot be immediately issued to another aircraft. Therefore, 

future response options are influenced by current decisions. Similarly, the 

maintenance of reliable separation distances between aircraft requires ATCs to make 

decisions in real-time and within the constraints of the current environment, for 

example, the climbing capabilities and minimum and maximum airspeed of each 

aircraft and weather conditions (Gonzalez, 2004).     

 

The characteristic complexity of environments that demand DDM (e.g. situations 

involving fire fighting, aircraft piloting and race car driving) means that dynamic 

decisions are typically made under high levels of cognitive load (Gonzalez, 2005).  

Cognitive load can be thought of as the intellectual processing capacity that is 

demanded of an operator by a task (Paas & van Merriënboer, 1994). Laboratory and 

naturalistic studies have demonstrated that when the cognitive load produced by a 

DDM environment exceeds an operator’s intellectual processing capacity, an 

operator’s performance decreases. For example, Morris and Ying (2006) found that the 

number of prioritisation errors (e.g., prioritising responding to radio messages over 

flying) made by aviation students during a flight simulation was consistently greater 

under medium-to-high levels of cognitive load than under low levels of cognitive load. 

Similarly, Svensson, Angelborg-Thanderz, Sjoberg and Olsson (1997) found that when 



2 

 

more than approximately 10 items of tactical information were projected onto the 

tactical display of a flight simulator, pilots’ task performance decreased markedly.  

 

With the continual advancement of engineering expertise and the production of 

complex operating systems there is a growing demand for training methods capable of 

producing personnel skilled at making dynamic decisions under increasingly high levels 

of cognitive load (Endsley, Hoffman, Kaber & Roth, 2007). Typically, DDM skills are 

learned with training simulations and then transferred to the operational environment 

(Paas & van Merriënboer, 1994). The term transfer refers to the application of 

knowledge, skills and attitudes gained in training to the final operational environment 

(Roscoe & Williges, 1980). For example, flight cadets transfer skills acquired in 

classroom settings and flight simulators to the operational cockpit in order to safely 

pilot a plane. Positive transfer refers making a positive gain in performance in the 

operational environment due to prior learning and negative transfer refers to 

deterioration in performance due to prior learning (Macchiarella, Arban & Doherty, 

2006).  True negative transfer is very uncommon (Woltz, Gardner & Bell, 2000). 

 

Following a review of the DDM literature, it has become apparent that developing a 

clear understanding of the training and transfer of DDM performance has been a 

difficult undertaking for researchers. This is because a multitude of trainee and training 

characteristics interact in complex ways to produce DDM performance in operational 

environments (van Merriënboer, Kester & Paas, 2006). The following study investigates 

some of the ways that task variables and cognitive load associated with real-world 

DDM environments have been simulated in the laboratory. For example, how trainee 

characteristics have been used to predict DDM performance, the effect of cognitive 

load on the acquisition of complex skills and how cognitive load and trainee 

characteristics interact to produce positive transfer of DDM performance.  
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1.2 Microworlds  

 

The following section introduces the topic of ‘microworlds’. Microworlds are computer 

simulations which have been used to study DDM training and transfer performance. 

The cognitive demands and structural features associated with different microworlds 

are discussed in terms of DDM performance. In particular, a recently produced fire 

fighting computer game is reviewed in regard to the ability of the game to simulate the 

cognitive demands associated with real-world DDM environments. 

 

The demand for greater understanding of the determinants of cognitive load and DDM 

performance has led to the development of complex simulations known as 

microworlds (Gonzalez, Thomas & Vanyukov, 2005a). Microworlds are computer 

simulations designed to replicate the cognitive demands of real-world DDM in 

laboratory settings. With the use of varied sources of information and complex 

response options requiring interdependent decision sequences, microworlds have 

provided a practical solution to simulating many of the cognitive demands associated 

with real-world DDM environments, without the reality of real-world DDM failure 

(Gonzalez, Vanyukov & Martin, 2005b). For example, in a real-world ATC situation, 

decision error may result in a mid air collision and significant loss of life.  

 

Unlike real-world scenarios, microworlds also enable researchers to predict the 

performance of novice and experienced participants, randomise group allocation, 

experimentally manipulate conditions of task cognitive load, and compare the 

performance of different groups (e.g., those with different levels of training or 

cognitive ability), without risk of catastrophic outcomes (Gonzalez et al., 2005b). As a 

result, microworlds have been widely used for both research purposes and even 

entered the realm of real-world training programmes.  

 

Brehmer and DÖrner (1993) reviewed the DDM literature and identified dynamics, 

complexity and opaqueness as the defining features of real-world DDM environments 

that should be generated by microworld simulations. Dynamics refers to the feedback 

structure of a simulation and highlights the importance of elements like decision side-
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effects and real-time nonlinear interactions between variables for simulating real-

world DDM cognitive demands (Brehmer & DÖrner, 1993). Gonzalez et al. (2005b) also 

point out that microworld system states should be influenced by an operator’s 

decisions as well as factors an operator cannot control, like the actions of enemy 

aircraft for example. The complexity of a system relates to the number of task 

variables and the number of possible variable interactions which affect task 

performance (Brehmer & DÖrner, 1993). The need for opaqueness recognises that not 

all information in a DDM environment is easily visible or accessible to an operator; 

sometimes variable status must be inferred based on the status of related variables 

(Brehmer & DÖrner, 1993).  

 

In addition to dynamics, complexity and opaqueness, Gonzalez et al. (2005b) draw 

attention to the need for dynamic complexity; or the combination of dynamics and 

complexity. They emphasise that valid microworlds for generating the cognitive 

demands associated with real-world DDM environments should combine decision side-

effects, nonlinearity between variables and feedback delay. Feedback delay restricts an 

operator from monitoring the immediate conditions of a system and requires 

increased planning (i.e., cognitive demand) to maintain high levels of performance 

(Gonzalez et al., 2005b). Feedback delays occur frequently in real-world DDM 

environments; the delay in radio reply from an inbound aircraft to an ATC officer is an 

example of a feedback delay in a real-world DDM performance environment which 

requires planning on behalf of an ATC.  

 

Further factors which have been identified to impact on DDM performance in 

simulations of real-world DDM environments include immersion, fidelity and buy-in 

(Alexander, Brunye, Sidman & Weil, 2005). Immersion refers to the level of 

engagement or task interest generated for a person by a simulation; fidelity refers to 

the physical similarity between a simulation and the real-world environment; buy-in 

describes the degree to which a person accepts that a simulation provides a realistic 

portrayal of a real-world task (Alexander et al., 2005). Immersion can be augmented by 

adjusting the level of an operator’s system control and ease of accessing system 

feedback, and fidelity can be augmented by adjusting the physical similarity between 
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simulation control devices (e.g., joysticks) and real-world DDM environments. Both 

immersion and fidelity interact to affect a person’s buy-in and motivation to engage 

fully with attempting simulation objectives (Alexander et al., 2005).  

 

Microworlds have been constructed to simulate a wide range of DDM environments 

including military, aviation, humanitarian and technical systems (Rigas, Carling & 

Brehmer, 2002). Three examples of frequently used microworlds in DDM research are 

the ‘Water Purification Plant’ (WPP), ‘Firechief’ and ‘Space Fortress’. The WPP is a 2D 

computer-based simulation of a real-world scheduling and resource allocation task 

(Gonzalez, 2005). Operators of the WPP are required to schedule the activation of 50 

water pumps in attempting to empty 23 water tanks within specific time limits. Each 

tank occupies a fixed position within the chain structure of the WPP (see Figure 1) such 

that different tanks require water to be pumped for a greater distance requiring 

varying amounts of time. Decisions regarding pump activation are interdependent and 

based on multiple sources of information (e.g. current sequence of pump activation, 

closest deadlines and exogenous events i.e. water arrival; Gonzalez, 2005).  

 

 

Figure 1. The Water Purification Pant (WPP) interface display with the 2D chain 

structure of the simulation. From Gonzalez (2005; p. 4).  
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Firechief is a 2D computer simulation in which operators direct fire appliances (e.g. 

helicopters and fire trucks) to put out bush fires (Gonzalez et al., 2005a). Successful 

completion of the Firechief microworld requires careful selection of which fire fighting 

units are allocated to which fire fronts and close monitoring of the timing and size of 

unit deployment to manage increases in fire size between the time of unit deployment 

and the time of unit arrival at a fire front (Gonzalez et al., 2005a).  

 

Space Fortress (Mané & Donchin, 1989) is a 2D computer game designed to represent 

real-world cognitive demands of complex tasks, facilitate the study of complex skills 

and skill acquisition and maintain immersion and buy-in during extended practice. 

Operators use joysticks to control a space craft to destroy a space fortress by shooting 

missiles at it, while avoiding explosive mines. There are two types of mines; type one 

will destroy the operator’s ship if contact is made, but the operator can switch to an 

alternative weapons system to destroy this mine; type two is a ‘friendly’ mine which 

the operator can make contact with to energise their space craft (Mané & Donchin, 

1989). Space Fortress is presented on a T.V. or computer monitor with sound effects 

for missile launch and explosions.  

 

In contrast to the 2D interface of the WPP, Firechief and Space Fortress, Fire 

Department 3 (FD3) is a 3D fire fighting computer game that enables operators to 

command various personnel and fire appliances to rescue civilians and extinguish fires 

in a dynamic, real-time, 3D environment (see Figure 2; Monte Cristo Multimedia, 

2006). The FD3 game enables the manipulation of three levels of fire fighting intensity 

within 13 engaging and structurally distinct 3D fire fighting campaigns/environments 

(Monte Cristo Multimedia, 2006).  
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Figure 2. Fire Department 3 (Monte Cristo Multimedia, 2006) showing the 3D 

environment generated by the FD3 programme. The double bar item in the lower 

centre of the figure indicates the water supply and health of that fire fighter. 

 

 

Due to the inherently variable nature of real-world DDM environments, in comparison 

with each other, different microworlds are highly variable in terms of qualities like 

dynamics, immersion and fidelity. Unfortunately, the relationship between such 

qualities and DDM performance is not well understood (Rigas et al., 2002). Alexander 

et al. (2005) conducted a comprehensive review of studies of immersion, fidelity and 

buy-in and their effects on the transfer of performance from PC-based simulations. 

They concluded that while early research suggested that transfer was only possible 

when simulated tasks shared many similar elements with real-world tasks, more recent 

findings suggest that only similarity between the underlying structure of a simulated 

and real-world environment is necessary for positive transfer to occur. Studies that 

have manipulated different surface and structural features of DDM tasks have 

generally provided empirical evidence to support Alexander et al.’s (2005) conclusion.  
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Roessingh (2005) manipulated the surface features (e.g., configuration of pilot physical 

controls) of the two pre-flight training simulations. They found that after 10 flight 

training lessons, the learning curves of pilot trainees (for aerobatic manoeuvres) were 

the same for those who completed low fidelity pre-flight training simulations and 

those who completed high fidelity pre-flight training simulations. Fidelity was 

manipulated using a PC simulation with inexpensive game controllers (i.e.., low fidelity) 

and expensive realistic spring-loaded controls and a flight seat which were positioned 

and calibrated to mimic the controls of the actual aircraft (i.e., high fidelity). 

Participants in the study were trainees from a commercial pilot school who did not 

have prior aerobatics experience. The results were based on objective flight 

performance data (e.g., altitude and speed) recorded during flight tests in a Bellanca 

Super Decathlon aircraft.  

 

Studies that have investigated the impact of varying the dimensional display of DDM 

tasks has on complex skill performance have produced mixed results, which generally 

support Alexander et al.’s (2005) conclusion. For example, researchers using flight 

simulations have found that a 3D interface improves performance for processing 

lateral navigational information but detrimentally affects processing of vertical 

navigational information (Wickens, Chia-Chin, Prevett & Olmos, 1995). Tavanti and 

Lind (2001) provided empirical evidence to suggest that a 3D hierarchical 

representation may be preferable over a 2D hierarchical representation in terms of 

spatial memory performance. They found that participants who interacted with the 3D 

display correctly identified the position of significantly more items in the hierarchy (M 

= 20.3) than participants who interacted with the 2D display (M = 12.8); although, 

Cockburn and McKenzie (2004) failed to replicate Tavanti and Lind’s findings.  

 

Diehl and Sterman (1995) manipulated the underlying structure of a computer-based 

stock adjustment task by creating three levels of feedback delay. Diehl and Sterman’s 

(1995) results were consistent with Alexander, Brunye, Sidman and Weil’s (2005) 

conclusion that the similarity of underlying structures (e.g., relationships between 

variables) has a greater effect on transfer performance than the similarity of surface 

structures (e.g., representation).  
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Participants’ goal was to minimise the accumulation of costs from discrepancies 

between stock production and stock value; stock value and sales changed over time. 

Diehl and Sterman (1995) found that performance decreased significantly with 

increased feedback delay. As the feedback delay that confirmed reduced stock 

production increased, participants tended to reduce stock production past optimal 

limits in an attempt to balance the system, resulting in the unintended effect of future 

stock shortages (Diehl & Sterman, 1995). The detrimental effect of feedback delay was 

found despite the fact that Diehl and Sterman informed all participants (17 MIT 

students) that production feedback delay might vary from trial to trial. This suggests 

that increased feedback delay has a reliable negative impact on task performance, 

which cannot be overcome by simply informing operators of the existence of a delay.  

 

Gonzalez et al. (2005b) conducted a review of the DDM literature and discussed the 

different cognitive demands associated with various microworlds. Gonzalez et al. 

(2005b) suggested that the WPP and Firechief microworlds have a similar level of 

dynamics between system variables. They suggested that the WPP has greater 

opaqueness and greater dynamic complexity than Firechief, although they both 

incorporate sources of opaque information and goal conflicts. Space Fortress is 

thought to demand high levels of visual attention and executive control processes to 

perform well (Boot et al., 2010).  

 

No review of the cognitive demands generated by the FD3 game (Monte Cristo 

Multimedia, 2006) was located in the DDM literature, and in fact, to the best of the 

author’s knowledge FD3 has not been used in DDM research previously. None the less, 

FD3 seems to satisfy the frequently referenced qualities associated with DDM 

environments including dynamics, complexity, opaqueness (see Brehmer & DÖrner, 

1993), and dynamic complexity (see Gonzalez et al., 2005b). Each fire fighting 

campaign contains many dynamic variables; for example, failure to extinguish a fire 

completely can lead to it reigniting and blocking the path of units at a later time, 

deploying inappropriate personnel or vehicles to one fire front reduces the ability to 

fight other fire fronts or direct personnel to rescue civilians. FD3 creates a complex 

environment; different personnel (e.g. fire fighter vs. scout vs. medic) have different 



10 

 

skills related to different situations, and there are often multiple civilians to be 

rescued.  

 

FD3 has opaque information and creates a dynamically complex environment. 

Examples of opaque information include that the operator is informed of the current 

objectives but not how to complete them; the operator is informed that there are 

civilians to be rescued but not where they are located. An example of the dynamic 

complexity of FD3 is that the side-effect of not smashing a window before entering a 

smoking building can be a back-draft of flame upon opening doors within the building; 

however, this depends on the state of fire within the building which is often unknown. 

Thus, FD3 seems to produce a valid simulation of the cognitive demands associated 

with a real-world DDM task.   

 

In summary, microworlds are simulations designed to replicate the cognitive demands 

of real-world DDM environments. Based on the literature review, it appears that the 

underlying structure of a simulation has a greater impact on DDM performance than 

the surface features of a task, although this does not mean that surface features do 

not affect performance to a degree. To date, microworlds used in laboratory research 

have tended to use 2D interfaces (e.g., the WPP and Firechief tasks) rather than 3D 

interfaces, although there appears to be no clear empirical foundation for preferring 

2D interfaces over 3D interfaces. FD3 is a 3D fire fighting computer game that appears 

to produce a valid simulation of the cognitive demands associated with a real-world 

DDM environment and to have potential for improving understanding of the training 

and transfer of DDM performance through future research.  

 

1.3 Predicting DDM Performance  

 

The following section introduces the topic of predicting DDM performance from 

trainee characteristics. The usefulness of several commonly used measures of trainee 

ability for predicting DDM performances are evaluated. Performance measures are 

discussed in terms of predicting laboratory performance and real-world performance. 
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General measures of ability are discussed first, followed by an evaluation of measures 

of ability specifically designed to predict DDM performance.   

 

The predominant area of trainee ability that has drawn attention has been that of 

trainee cognitive ability (Roscoe, Corl & Laroche, 2001). Unfortunately, the topic of 

predicting performance from standardised measures of cognitive ability is extremely 

broad. There are multiple definitions for different cognitive abilities and many different 

measures for each definition. Thus, an in-depth discussion regarding the prediction of 

performance from standardised measures of cognitive ability is beyond the scope of 

the present study. Therefore, the present study will only focus on measures of 

cognitive ability which have appeared frequently in the DDM literature.  

  

Rigas et al. (2002) reviewed the DDM literature relevant to the relationship between 

fluid intelligence and microworld performance. They concluded that overall, studies 

have only demonstrated a weak relationship between intelligence quotients and 

microworld performance. Rigas et al. (2002) reported that Raven’s Standard 

Progressive Matrices (Raven, 1958), a non-verbal measure of fluid intelligence, 

accounted for just 0.7% of the variance in performance on NEWFIRE. NEWFIRE is a 2D 

computer simulation in which operators must direct multiple fire fighting units to fight 

a bush fire. Similarly, Gonzalez et al. (2005a) found that the Raven test only accounted 

for 11% of the variance in WPP performance, although the Raven test accounted for 

37% of the variance in Firechief performance.   

 

Rigas et al. (2002) suggested that one explanation for the lack of association between 

measures of intelligence and microworld performance is that microworld performance 

is often not measured reliably. The complexity of most microworlds means that they do 

not have clearly defined goals or single solutions, and have nonlinear relationships 

between variables. This can lead to considerable variability in the relationship between 

different measures of cognitive ability and microworld performance (Rigas et al., 2002). 

For example, Gonzalez et al. (2005a) found that the VSPAN only accounted for 11% of 

the variance in WPP performance but accounted for 67.2% of the variance in Firechief 

performance. VSPAN is a non-verbal measure of working memory.  
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The variable relationship between measures of cognitive ability and microworld 

performance may also reflect the fact that microworlds vary in degree of dynamics, 

complexity, opaqueness and dynamic complexity. Gonzalez et al. (2005a) postulated 

that Firechief is possibly a more dynamic task than the WPP and this may have resulted 

in higher associations between the Raven and VSPAN tests and Firechief performance 

compared to WPP performance. However, this pattern of results could also reflect 

variability in levels of electronic gaming experience in different studies and 

experimental conditions (Rabbitt, Banerji & Szymanski, 1989). 

 

Like fluid intelligence and working memory, executive cognitive functions are also 

thought to be highly involved in the learning process. Executive functions are likely to 

be involved in attention allocation and strategy selection to facilitate the process of 

schema formation and application (Wang, Proctor & Pick, 2007). The level of mental 

effort a person applies to a task is also likely to be governed by executive functions 

(Paas, Tuovinen, Tabbers & van Gerven, 2003). Mental effort refers to the actual level 

of intellectual processing a trainee allocates to a task (Paas et al., 2003). Sweller, van 

Merriënboer and Paas (1998) suggest that within the processing capacity of working 

memory, an operator may choose to increase the level of mental effort they devote to 

a task in order to overcome high levels of extraneous and/or intrinsic cognitive load.  

 

The mental effort an operator puts into completing a task can have a considerable 

impact on their level of skill acquisition (Paas, Tuovinen, van Merriënboer & Darabi, 

2005). Paas and van Merriënboer (1994) suggest that the manipulation of task 

dynamics to create different levels of cognitive load will have little effect on learning 

unless trainees allocate a reasonable level of mental effort to learning the task. A 

range of variables have been linked to the application of mental effort, including the 

availability of performance incentives, level of task variability and perceived self-

efficacy (Paas et al., 2005).  

 

Few studies were found to have examined the effect of potentially confounding 

variables like electronic gaming experience on microworld performance, despite the 

inherent overlap in structure between microworlds and electronic gaming devices 
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(Alexander et al., 2005). One group of researchers who did investigate the effect of 

gaming experience on microworld performance were Rabbitt et al. (1989). They found 

that self-ratings of computer gaming experience were predictive of participants’ initial 

performance on Space Fortress (r = 0.331); but not after 25 sessions. In other studies, 

compared to individuals with no electronic gaming experience, individuals with 

electronic gaming experience have demonstrated superior visual attention (Green & 

Bavelier, 2008) and mental rotation (De Lisi & Wolford, 2002) abilities. They have also 

been found to perform better on a range of tasks including Laparoscopic skills (Rosser 

et al., 2007).  

 

Therefore, it seems that prior electronic gaming experience may be a reliable predictor 

of microworld performance. Prior electronic gaming experience may also account for 

the current lack of association between measures of intelligence and microworld 

performance. The inherent variability in the degree of dynamics, complexity, 

opaqueness and dynamic complexity associated with different microworlds means that 

the validity of different measures should be investigated with a range of games and 

simulations.  

 

The accurate prediction of real-world DDM performance has proved an even larger 

problem than predicting microworld performance (Roscoe et al., 2001). Many complex 

and widely used measures of DDM performance have been found to demonstrate little 

more than low predictive validity for real-world performance. For example, Carretta 

and Ree (1995) investigated the predictive validity of the Air Force Officer Qualifying 

Test (AFOQT) for flight training outcomes. AFOQT is a comprehensive paper-and-pencil 

battery that comprises 16 subtests of five domains (Verbal, Quantitative, Spatial, 

Aircrew Interest and Perceptual Speed). AFOQT was specifically designed to select 

civilians for training programmes and classifying commissioned officers for aircrew 

specialties and has been widely used by the U. S. Air Force since the 1950s. Carretta 

and Ree found that despite using a combination of scores from eight subtests to 

evaluate 7,563 officers specifically for pilot training, the average correlation between 

AFOQT scores and pilot performance measure across three intensive phases of flight 

training was just 0.19. 
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The MICROPAT test produced correlations with flight training in the Army Air Corps of a 

similar magnitude as AFOQT did with Air Force training. MICROPAT was designed as a 

comprehensive pilot selection test battery for the Army Air Corps (and then Royal 

Navy) and was administered using a computer interface (Bartram, 1995). The test was 

designed to adapt to a test taker’s level of ability. MICROPAT uses dynamic and 

continuous tasks to measure ability rather than discrete item-based tests (e.g., the 

Raven test). The MICROPAT test included 11 tasks, which included an adaptive tracking 

task using joysticks, a scheduling task and a complex coordination and planning task 

with features of a simple aircraft landing simulation that required 3D tracking (Bartram, 

1995). Bartram (1995) found that the overall MICROPAT score correlated only 0.21 with 

Fixed Wing Training, 0.23 with Basic Rotary Wing Training and 0.24 with Advanced 

Rotary Wing Training. The sample comprised 148 men in the Army Air Corps who had 

entered Basic Fixed Wing Training.  

 

The WOMBAT™ Situational Awareness and Stress Tolerance Test (Roscoe & North, 

1980) was developed in response to the failure of individual tests and batteries of 

single cognitive abilities to make worthwhile contributions to the prediction of 

performance in real-world DDM environments (Roscoe & Williges, 1980). WOMBAT is 

a comprehensive computer-based assessment tool that integrates measures of 

cognitive abilities including working memory, visual attention, and spatial reasoning. 

WOMBAT™ incorporates four tasks which include a dual-tracking psychomotor task, a 

spatial processing task with 3D geometric shapes, a perception task with four 

quadrants of numbers and a memory task requiring the sequential cancellation of 

digits (O’Hare & O’Brien, 2000).  

 

To date, the results of several studies indicate the WOMBAT test has both sensitivity 

and specificity for predicting performance in DDM environments. O’Hare and O’Brien 

(2000; cited in O’Brien & O’Hare, 2007) found that participants’ performance on 

WOMBAT predicted their subsequent performance on TRACON, an ATC simulation. 

Furthermore, O’Hare (1997) demonstrated the specificity of WOMBAT test scores for 

discriminating between different levels of performance in real-world DDM 

environments with elite and experienced glider pilots. Participants were 14 adult male 
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glider pilots competing in the Omarama Soaring Cup and 12 controls (non-pilots). Elite 

pilots were pilots with consistently superior performance in gliding competitions and 

experienced pilots were highly experienced in terms of flight time but not elite 

competition performance.  

 

It was found that WOMBAT test performance discriminated between elite pilots and 

experienced pilots and between experienced pilots and non-pilots matched for age 

and occupation. For an example of the discriminative ability of the WOMBAT scores, 

62.5% of elite pilots scored above 250 while only one (17%) experienced pilot scored 

above 250. Such a demonstration (O’Hare, 1997) of predictive validity represents a 

vast improvement on the previous measures of cognitive ability that researchers have 

relied upon (e.g. Raven and AFOQT) and suggests that the WOMBAT test should be 

used more frequently in DDM research.   

 

In summary, the predominant area of trainee ability used to predict DDM performance 

has been that of cognitive ability. One of the most commonly used measures to predict 

microworld performance has been the Raven test, however, to date, several studies 

have reported only weak associations between the Raven test and microworld 

performance. Researchers have suggested that the weak relationship between general 

cognitive abilities and microworld performance may reflect the use of unreliable 

performance outputs for microworlds, although, it may also reflect the failure of 

measures of general cognitive abilities to adequately capture the qualities required for 

performing well in dynamically complex environments. Evidence for this hypothesis 

comes from the poor prediction of real-world performance by many individual tests 

and batteries of single cognitive abilities. In comparison, the comprehensive computer-

based WOMBAT™ Situational Awareness and Stress Tolerance Test appears to have 

specificity for discriminating between different levels of performance in real-world 

DDM environments.    
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1.4  Cognitive Load and the Acquisition of DDM Skills 
 

 

The following section discusses the impact of cognitive load upon learning in a DDM 

environment. Two prominent learning theories from the DDM literature are discussed 

to explain the underlying cognitive processes thought to be responsible for the 

acquisition of DDM skills. The present study does not focus on the cognitive processes 

responsible for learning in DDM environments, but knowledge of the basic hypotheses 

about the learning process is beneficial for understanding the complex relationship 

between task cognitive load, cognitive ability and the training and transfer of DDM 

performance.  

 

Cognitive load refers to the intellectual processing capacity that is demanded of an 

operator by a task (Paas & van Merriënboer, 1994). As noted previously, laboratory 

and naturalistic studies have demonstrated that an operator’s performance decreases 

when the level of cognitive load exceeds intellectual processing capacity. Cognitive 

Load Theory (CLT; Paas & van Merriënboer, 1994) proposes that the relationship 

between performance and task cognitive load is best understood in terms of the type 

of cognitive load a task generates, rather than just the overall level of cognitive load.  

 

According to CLT, there are three types of cognitive load, extraneous, intrinsic and 

germane cognitive load (Paas & van Merriënboer, 1994). Extraneous cognitive load is 

thought to result from poorly designed instructional programmes (e.g., programmes 

with poorly related parts) and is considered detrimental to learning; intrinsic cognitive 

load is thought to result from the interaction between the characteristics of a trainee 

(e.g., cognitive ability) and the processing demands of the task being attempted; 

germane cognitive load is thought to result from the construction of cognitive 

structures which enable learning (e.g., cognitive schemata) and is directly associated 

with learning (Paas et al., 2003).  

   

Paas, Renkl and Sweller, (2004) postulated that the formation of increasingly complex 

cognitive structures in long-term memory called, cognitive schemata, enables the brain 

to overcome the limited size of working memory and acquire complex skills. Cognitive 
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schemata can be thought of as integrated collections of related information in long-

term memory, which guides decision making based on previous experience (Paas & 

van Merriënboer, 1994). Cognitive schemata are thought to form, at least in part, 

through the process of working memory chunking together increasingly large amounts 

of related information (Paas & van Merriënboer, 1994).  

 

Basically, CLT uses the notion of three types of cognitive load as a theoretical 

explanation for the impact that processing different types of task information has upon 

working memory and learning. Working memory refers to the part of cognitive 

functioning in which information is held in consciousness and manipulated for some 

purpose (e.g., dialling a telephone number) before it is deleted from memory (Paas, et 

al., 2003). Working memory is limited to approximately seven chunked items (Paas & 

van Merriënboer, 1994).  

 

To date, no measure of cognitive load has reliably distinguished between extraneous, 

intrinsic and germane cognitive load (Kalyuga, 2009). Still, it is thought that extraneous 

cognitive load can be manipulated by varying the level of redundant information in 

training materials (DeLeeuw & Mayer, 2008) and by distributing different sources of 

information related to task performance across time or space (van Merriënboer & 

Sweller, 2005). Intrinsic load is related to the level of task dynamics and complexity 

(DeLeeuw & Mayer, 2008). Learning is thought to occur more efficiently during 

germane processing compared to extraneous and intrinsic processing (Kalyuga, 2007). 

According to CLT, processing extraneous and intrinsic load can limit learning by using 

working memory for processes other than the formation of cognitive schemata (e.g., 

holding information separated by time in consciousness) as is the case with germane 

processing (Paas & van Merriënboer, 1994).    

 

Instance Based Learning Theory (IBLT; Gonzalez, Lerch & Lebiere, 2003) parallels CLT 

with a theoretical account of how people are learning DDM tasks. Like CLT, IBLT draws 

attention to the central role that the formation of new cognitive structures plays in the 

development of complex skills. IBLT indicates that the learning process in DDM 

environments reflects the accumulation of knowledge about previous decision 
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instances and decision outcomes in long-term memory (Gonzalez et al., 2003). Then, 

with refinement over time, this knowledge of prior decision instances enables 

experienced operators to recognise familiar decision situations and respond almost 

automatically (Gonzalez & Brunstein, 2009).  

 

The process of learning to read is a commonly referenced example of the development 

of automatic schema processing (see van Merriënboer & Sweller, 2005). During the 

early stages of learning to read, each letter must be individually analysed and given 

meaning, placing high demands on working memory. As reading experience increases, 

increasingly complex domain-specific schemata are generated for the representation 

of different words and letters through repeated processing. Domain-specific 

schemata/knowledge refers to detailed knowledge about how to complete a specific 

domain of tasks (Ayres, Chandler & Sweller, 2003). Domain-specific schemata reduce 

the demand of reading on working memory by enabling experienced individuals to 

process multiple elements of a task (e.g., letters) as a single chunked unit in working 

memory (Ayres et al., 2003) which allows written language to be processed in an 

increasingly automatic fashion with very little demand on working memory (van 

Merriënboer & Sweller, 2005).     

 

Compared to the complex domain-specific schemas of experienced and expert 

operators, novices lack the task experience required for the formation of complex 

domain-specific schemas (Ayres et al., 2003). Without domain-specific schemas, 

novices typically rely on general problem solving strategies like means-ends analysis 

(Kalyuga, Renkl & Paas, 2010). Means-ends analysis refers to engaging in operations to 

reduce the difference between the present task state and the desired task state (PM). 

Means-ends operations like trial and error responding place a high load on working 

memory and can limit learning in situations with high levels of cognitive load (Ayres et 

al., 2003). This is particularly the case for operators with little task experience working 

with highly complex or intense DDM tasks.  

 

However, it is not simply the case that only operators with little task experience 

working with highly complex or intense tasks are exposed to high levels of cognitive 
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load. Pre-existing domain-specific knowledge can limit the further learning of 

experienced operators for tasks in which they already have a high level of domain-

specific knowledge (Ayres et al., 2003). For example, compared to a novice computer 

user, for an experienced computer user, information about how to navigate a basic 

web program may be redundant. Scanning for novel information embedded in 

previously learned information is associated with extraneous processing rather than 

germane processing, which can limit additional learning (Ayres et al., 2003). Thus, the 

management of task load is also relevant to the further training of experienced and 

expert operators.  

 

In sum, cognitive load refers to the intellectual processing capacity that is demanded 

of an operator by a task and can be conceptualised in terms of extraneous, intrinsic 

and germane cognitive load. According to CLT, germane load is associated with the 

construction of cognitive schemata by chunking together increasingly large amounts of 

related information in long-term memory. The acquisition of DDM skills through 

germane processing is related to the interaction between the load characteristics of a 

task and the operators’ cognitive ability and level of prior task experience. 

 

 

1.5 Training and Transfer of DDM Performance  
 

The following section begins with a discussion about difficulties in the measurement of 

transfer performance which have hampered investigations in the relationship between 

the training and transfer of DDM performance. Next, the somewhat contradictory or 

paradoxical relationship between training performance and transfer performance is 

evaluated. This is followed by an examination of the empirical research which has 

evaluated the relationship between task cognitive load, cognitive ability and DDM 

training and transfer performance. The ‘expertise reversal effect’ predicts that task 

performance may reverse between training and transfer testing as a function not only 

of different training conditions but also as a function of different levels of cognitive 

ability and task expertise (Kalygua, Ayres, Chandler & Sweller, 2003).  
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1.5.1 Measurement of transfer performance  
 

DDM skills are learned under ‘training simulations’ and then transferred to an 

operational environment (Paas & van Merriënboer, 1994). The term transfer refers to 

the application of knowledge, skills and attitudes gained in training to the final 

operational environment (Roscoe & Williges, 1980). In the laboratory, the final 

operational environment usually reflects a new simulation environment or new set of 

related decision making tasks to test skills transfer from training and practice 

conditions.  

 

Measures of immediate performance in a new environment seem to present a more 

valid indication of transfer performance than measures of long-term performance 

(Roscoe & Williges, 1980). This is because learning is likely to continue after training in 

the operational environment. Measures of long-term performance can inflate transfer 

scores and should be interpreted with caution (Roscoe & Williges, 1980). The 

measurement of transfer has also been conducted using measures of both global 

performance and specific skills. The measurement of specific skills is likely to provide a 

more valid and detailed indication of the effectiveness of training than measures of 

global performance because transfer effectiveness functions operate differently for 

different skills (Roscoe & Williges, 1980).   

 

In regard to quantifying the effectiveness of different training conditions for fostering 

skills transfer, Roscoe and Williges (1980) suggest that most researchers have failed to 

recognise that a negatively decelerating relationship exists between training and 

transfer. For example, in terms of transfer performance, training effectiveness is only 

optimal to a point, after which the degree of transfer gained from further training 

reduces. Thus, only groups with similar amounts of training should be compared when 

the transfer effectiveness of different training conditions is to be evaluated (Roscoe & 

Williges, 1980).  
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1.5.2 Transfer Paradox 
 

The concept of a ‘transfer paradox’ has been used to describe the somewhat 

contradictory relationship between training performance and transfer performance 

(AB). It has been found that compared to training methods which foster rapid 

attainment of high levels of performance, training methods associated with a slower 

rate of performance improvement produce greater transfer performance (van 

Merriënboer & Sweller, 2005). For example, de Croock, van Merriënboer and Paas 

(1998) found that low contextual interference produced better performance during 

training than high contextual interference, but poorer transfer performance. 

Contextual interference refers to the level of variability in the features of a task that a 

person interacts with (de Croock et al., 1998).   

 

In de Croock et al.’s (1998) study, participants were required to learn how to diagnose 

system failures in a complex simulation of a chemical factory. Participants learned 

from prescriptions about how to interpret symptoms of system failures and perform 

tests of factory processing variables. The prescriptions varied in regard to the type of 

system failure and associated diagnostic procedure. Sixteen engineering students were 

divided into two groups; one group trained using low contextual interference (LCI) and 

the other training using high contextual interference (HCI). Contextual interference 

was manipulated by varying the practice schedule of training prescriptions during 

training.  

 

Consistent with the concept of transfer paradox, the HCI group in de Croock et al.’s 

(1998) study took longer to diagnosis system failures and made more diagnostic errors 

during training but made considerably more correct systems diagnoses than the LCI 

group during transfer testing. de Croock et al. suggested that compared to LCI, HCI 

facilitated better transfer performance because the greater variability in the schedule 

of task instructions induced more germane processing. In other words, that compared 

to LCI, HCI facilitated the formation of more complex schemata about the underlying 

structure of the chemical factory which enabled better skill transfer to new incidents 

of system failure.  
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van Merriënboer et al., (2006) conducted a review of the DDM literature and found 

that while training methods like blocked-practice and step-by-step guidance also 

facilitate rapid skill acquisition and improvements in performance during training, they 

also tend to foster only low levels of transfer. Brunstein and Gonzalez (2010) 

demonstrated the transfer paradox using a visual search simulation comparable to an 

airport luggage checking task. Similar to de Croock et al. (1998), Brunstein and 

Gonzalez (2010) found that low diversity among item exemplars produced better 

performance during training, but high diversity among item exemplars produced 

better transfer. Furthermore, Brunstein and Gonzalez (2010) reported that the high 

diversity group even demonstrated better transfer performance than a control group 

who practiced with items drawn from the same pool of items used during the transfer 

test.  

 

In the Brunstein and Gonzalez (2010) study, participants’ objective was to identify 

targets (i.e., dangerous objects) amongst distractors in luggage x-ray images. Training 

involved 400 trials with low or high diversity of categories of item exemplars and the 

transfer test used a novel set of items. Low exemplar diversity reflected training with 

one category (e.g., knives) totalling 5 different items and high exemplar diversity 

reflected training with four categories totalling 20 different items.  

 

de Croock et al. (1998) theorised that compared to HCI, LCI facilitated better initial 

training performance because low LCI conditions provided a greater opportunity to 

respond correctly based on simple co-occurring task features. However, compared to 

HCI, LCI also meant that learners tended not to develop sufficient knowledge of the 

underlying task structure to enable them to transfer their performance to novel 

system failures (de Croock et al., 1998). Similarly, Brunstein and Gonzalez (2010) 

suggested that compared to the low diversity of item exemplars, high diversity of item 

exemplars induced more germane processing and facilitated the formation of more 

complex cognitive schemata.   

  

Overall, it seems clear that some form of paradoxical relationship exists between the 

acquisition of skills and performance during training and transfer performance. The 
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different groups in de Croock et al. (1998) and Brunstein and Gonzalez’s (2010) studies 

all received similar levels of training, and participants immediate transfer performance 

was analysed with a new set of related decision making tasks. However, neither de 

Croock et al.’s (1998) nor Brunstein and Gonzalez’s (2010) assessed participants’ 

cognitive ability and all participants were task novices. CLT predicts that the training 

and transfer of DDM skills reflects the interaction between multiple variables including 

the load characteristics of a task, operators’ cognitive ability and/or operators’ level of 

prior task experience. The transfer paradox identified in de Croock et al.’s (1998) and 

Brunstein and Gonzalez’s (2010) research may reflect disproportionate loads of 

different levels of cognitive ability or related task experience between experimental 

conditions.  

 

1.5.3 Expertise Reversal Effect 
 

The concept of an ‘expertise reversal effect’ predicts that trainees who demonstrate 

superior performance during training often demonstrate poorer relative performance 

during transfer testing, as a function of training and trainee characteristics (e.g., 

electronic gaming experience; Kalygua et al., 2003). The concept of an expertise 

reversal effect is predominantly based on manipulations of instructional designs during 

training (e.g., the effects of part-task training vs. whole-task training on novice and 

experienced learners). Part-task training refers to teaching individual parts of a 

complex task (Fabiani et al., 1989). Whole-task training refers to teaching the entire 

task at once (Fabiani et al., 1989). Kramer, Larish and Strayer (1995) suggest that 

compared to whole-task training methods, part-task training reduces the demands on 

working memory by enabling trainees to learn about the functioning of different 

variables in isolation (i.e., low element interactivity) rather than trying to learn multiple 

variable interactions at once (i.e., high element interactivity).   

 

The expertise reversal effect has been demonstrated during training with static tasks 

(e.g., mathematics and reading comprehension) by comparing the performance of 

novices and experts (or participants with different degrees of task experience) using 
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different instructional methods. For example, Ayres (2006) found that compared to 

students rated as below average in algebra ability, students rated as above average in 

algebra ability made less errors during training with part-task instruction but relatively 

more errors during a subsequent test phase using whole-tasks. For students rated as 

below average in algebra ability, training with part-task instruction was beneficial for 

performance during both the training phase and test phase.  

 

Thus, consistent with the concept of an expertise reversal effect, training and transfer 

performance reversed according to task experience (i.e., algebra ability) and training 

conditions (i.e., part-task vs. whole-task). Participants’ algebra ability was computed 

based on school-administered exam performance. Overall, Ayres (2006) concluded that 

the effectiveness of each method of instruction was dependent on the ability of the 

learner (i.e., prior mathematical knowledge). It should be noted that Ayres (2006) 

participant sample was limited to 13-year-old female students learning algebra which 

limits the ability to generalise Ayres findings to adult performance in complex DDM 

environments.  

 

To date, few studies have investigated the expertise reversal effect in the context of 

DDM tasks. Ayres (2006) used a static mathematical task. Compared to static task, 

complex tasks are more than the sum of their parts and require whole-task training to 

achieve high levels of transfer (Kramer et al., 1995). Gonzalez (2004) investigated the 

effect that manipulating cognitive load had on the training and transfer of DDM 

performance in relation to participants’ cognitive ability. Gonzalez’s (2004) findings did 

not provide clear support for the existence of an expertise reversal effect in the context 

of a DDM task although they did indicate that the training and transfer of DDM 

performance is related to task characteristics during both practice and cognitive ability.  

 

Gonzalez (2004) manipulated the time constraints associated with the WPP while 

participants gained experience with the task. Task intensity was manipulated using two 

levels of time constraint for the water velocity in the WPP (i.e., low and high time 

constraints for emptying each tank). Participants practised the WPP for 48 minutes per 

day over 2 days, and on the third day all participants were tested on the WPP under 
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high time constraints. Gonzalez (200) measured participants’ cognitive ability with the 

Raven test.  

 

Gonzalez (2004) found that the overall pattern of performance across training 

conditions remained stable between the practice phase and test phase. Practicing 

under low task intensity compared to high intensity consistently led to better 

performance during the practice phase and the transfer phase regardless of 

participants’ cognitive ability; even though practising under low time constraints was 

associated with fewer practice trials (2 vs. 6). However, while Gonzalez (2004) found 

that performance during practice and transfer testing did not reverse as predicted by 

the expertise reversal effect, it was found that the degree of improvement associated 

with practicing under low time constraints was greatest for those with low cognitive 

ability.  

 

Thus, Gonzalez’s (2004) findings suggest that task performance during training and 

transfer did interact with the training conditions and trainees’ cognitive ability 

consistent with the underlying principle of the expertise reversal effect.  Gonzalez 

provided further evidence of this interaction by investigating the relationship between 

cognitive load and the decision strategies participants used to make pump and tank 

selections. Gonzalez used data collected from participants (in a previous study using 

the WPP) who had described their decision strategies aloud to formulate three 

decision heuristics which described decisions based on time (T), time x volume (TV), 

and time x volume x chain (TVC). For example, participants using a T heuristic based 

decisions on the deadline for emptying each tank; participants using a TV heuristic 

based decisions on the deadlines for each tank and the volume of water that remained 

in each tank; participants using a TVC heuristic based decisions on time, volume and 

the position of a tank within the chain structure of the WPP.  

 

The T heuristic was considered the most basic heuristic, followed by TV and TVC 

heuristics. A heuristic program computed values to describe the fit of each decision 

participants made during the simulation to each of the three heuristics. The program 

divided participants’ actual decision minus the worst possible decision at that time 
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(according to each heuristic), by the best possible decision at that time (according to 

each heuristic) minus the worst possible decision at that time. Fit values were 

continuous; they ranged between 0 (no fit) to 1 (perfect fit) and were analysed like 

performance measures (Gonzalez, 2004). 

 

Gonzalez (2004) used the fit values for each heuristic to infer the internal decision 

process of participants during performance on the WPP. According to Gonzalez (2004), 

the fit of participants’ decisions with the three heuristics differed between the low and 

high intensity practice conditions. Compared to the low intensity practice condition, 

only those with high cognitive ability showed a shift toward more complex decision 

heuristics in the high cognitive load condition (T heuristic fit values decreased: 0.65 to 

0.57), those with low cognitive ability showed an increasing fit with the T heuristic (T 

heuristic fit values increased: 0.59 to 0.64). 

 

The temporal period in which a task must be completed is only one task variable which 

may interact with a trainee’s cognitive ability to affect the training and transfer of 

DDM performance. In a second study, Gonzalez (2005) repeated the low and high 

conditions of time constraint (see Gonzalez, 2004) and formulated a third condition 

with low time constraint but high workload. The high workload condition was 

generated by requiring participants to complete two additional tasks (system 

monitoring and communications) parallel to practising the WPP. The system 

monitoring task required participants to monitor four vertical gauges and report 

system abnormalities as indicated by two warning lights. The communication task 

required participants to listen to short audio signals and respond when they 

recognised their call sign by making frequency changes on a navigation or 

communication radio.  

 

Gonzalez (2005) divided 51 participants (31 women and 20 men) between the three 

conditions. After two consecutive days of practise (48 minutes per day), all participants 

were tested on the WPP under high time constraints without the manipulation of task 

workload (Gonzalez, 2005). This methodology enabled an investigation of the 
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relationship between cognitive ability, time constraints and task workload, and 

learning during a DDM task.  

  

Again, Gonzalez (2005) found that the overall pattern of performance across training 

conditions remained stable between the practice phase and test phase. Practicing 

under low task intensity and low workload compared to high intensity and high 

workload consistently led to better performance during both the practice phase and 

the transfer phase regardless of participants’ cognitive ability.  Similarly, it was once 

more found that the degree of improvement associated with practicing under low time 

constraints and low workload was greatest for those with low cognitive ability.  

 

Consistent with the assumptions of CLT, Gonzalez’s (2004, 2005) findings suggest that 

learners decision heuristics became more complex over time and that more complex 

decision heuristics facilitate better transfer performance. Gonzalez’s findings also 

indicate that learners’ ability to develop complex decision heuristics was detrimentally 

affected by high levels of cognitive load. Consistent with CLT, participants with low 

cognitive ability were most affected by the high cognitive load condition in terms of 

their ability to develop complex decision heuristics. However, performance did not 

reverse between training and transfer as a function of cognitive load and cognitive 

ability as predicted by the expertise reversal effect.  

 

The expertise reversal effect is thought to occur due to overloaded working memory 

(Kalyuga, 2003). Low cognitive ability and/or low task experience can lead to 

overloaded working memory when novices are exposed to highly complex task 

conditions. Training methods which reduce task complexity (e.g., part-task instruction) 

typically benefit this group during training and transfer (Kalyuga, 2003). All the same, 

high cognitive ability and/or high task experience can also lead to overloaded working 

memory and limit when experienced or expert individuals are exposed to low levels of 

task complexity and/or redundant information (Kalyuga, 2003). According to CLT, 

evaluating redundant information can result in extraneous cognitive load for 

individuals with pre-existing domain-specific knowledge (van Merriënboer & Sweller, 

2005).  
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In sum, the concept of a transfer paradox predicts that training conditions which 

facilitate the greatest rate of skill acquisition during training do not produce the 

highest level of transfer to novel situations (Kalyuga, 2009). The expertise reversal 

effect predicts that task performance will reverse between training and transfer 

testing as a function of different training conditions for groups with different abilities 

or levels of expertise (Kalyuga & Hanham, 2011). The results from Gonzalez’s (2004, 

2005a) studies provide no firm support for the existence of an expertise reversal effect 

in the context of DDM performance, although they do indicate that the training and 

transfer of DDM skills is related to the interaction between the load characteristics of a 

task and operators’ cognitive ability and level of prior task experience.  

 

1.6 Present Study 

 

The training and transfer of DDM performance from one decision making environment 

to another is critical for the development of effective DDM performance under 

operational conditions (Ford & Weissbein, 1997). The inherently disastrous reality of 

real-world DDM failure means that DDM skills are typically learned with training 

simulations and then transferred to operational environments. A clear understanding 

of the relationship between all the variables which affect the training and transfer of 

DDM performance is critical for ensuring safety in real-world operational DDM 

environments.     

  

A review of the literature on skill acquisition indicates that complex cognitive skills 

develop through the formation of increasingly complex cognitive schemata though 

experience with a task. Also, the literature indicates that different training fosters the 

formation of cognitive schemata at different rates for individuals with different levels 

of ability or expertise. The transfer paradox refers to the tendency for training 

methods associated with slower rates of skill acquisition and performance 

improvement (compared to faster rates) to produce greater transfer performance. In 

addition, the expertise reversal effect predicts that task performance will reverse 
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between training and transfer testing as a function of training conditions and different 

levels of cognitive ability or expertise.     

 

To date, few studies have investigated the expertise reversal effect in the context of 

DDM tasks. Gonzalez (2004) investigated the effect that manipulating cognitive load 

had on the training and transfer of DDM performance in relation to participants’ 

cognitive ability. Gonzalez findings did not provide clear support for the existence of an 

expertise reversal effect in the context of a DDM task; although, they did indicate that 

the training and transfer of DDM performance is related to both task characteristics 

during practice and cognitive ability, consistent with the underlying principle of the 

expertise reversal effect.   

 

However, before Gonzalez’s (2004, 2005) findings can be reliably accepted as an 

indication of the learning processes which underlie the training and transfer of DDM 

performance, two aspects of Gonzalez’s (2004, 2005) methodology require further 

examination. In regard to the first methodological concern, Gonzalez (2004, 2005) 

used transfer tests which were essentially the same as the practice task, yet Ford and 

Weissbein (1997) insist that a full transfer test requires the demonstration of 

behaviours acquired during training in a range of settings within the parameters of the 

operational environment. Aside from different time constraints and levels of workload, 

participants effectively completed the same task during transfer testing as they did 

during the practise phase. It seems that an equally plausible explanation for Gonzalez’s 

(2004, 2005) pattern of results is that compared to high time constraints and workload 

conditions, low time constraints and low workload conditions enabled participants to 

memorise decision sequences.  

 

Memorisation of decision sequences has been empirically linked to poor transfer 

performance between structurally distinct environments (Woltz et al., 2000). Support 

for the hypothesis that Gonzalez’s pattern of results may reflect the memorisation of 

decision sequences by participants in the low time constraints and low workload 

conditions comes from the structure of the WPP simulation. The chain structure of the 

WPP remains static; each tank occupies a constant location in the chain and maintains 
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a constant deadline for being emptied. Improvement in performance may only reflect 

the memorisation of these deadlines over successive practise trials. The memorisation 

of decision sequences would confound the ecological validity of the experiment. In 

real-world DDM environments, seldom is the completion of a task immediately 

followed by environmental circumstances that demand exactly the same response 

(Salden, Paas, Broers & Merrienboer, 2004).  

 

Gonzalez should have structured the experiment so that participants had to transfer 

their knowledge of operating the WPP to another similar, but structurally different, 

environment. Such an experimental design would provide a more valid indication of 

the depth of knowledge that participants had acquired during practise (Salden et al., 

2004). This approach has been used extensively by researchers investigating the effect 

of different training sequences in relation to cognitive load and the transfer of 

performance across similar but structurally distinct environments (see Salden et al., 

2004; van Merrienboer, Schuurman, de Croock & Pass, 2002).   

 

The second methodological concern was that Gonzalez adjusted for the effect of 

cognitive ability on the training and transfer of DDM performance with scores derived 

from the Raven test. Given the limitations of the Raven test for predicting microworld 

performance (see Gonzalez et al., 2005), a more valid measure of cognitive ability for 

predicting DDM performance is likely to be the WOMBAT test. The WOMBAT test has 

demonstrated a high level of predictive validity for laboratory based and real-world 

DDM performance. Gonzalez (2004, 2005) also did not adjust for the effect of 

participants’ gaming experience upon their performance on the WPP. It has been 

empirically shown that gaming experience can impact upon microworld performance 

(see Rabbitt et al., 1989) and thus should be adjusted for during statistical analyses. 

 

To investigate the training and transfer of DDM performance in the present study, 

participants’ cognitive ability, in the form of fluid intelligence, and situational 

awareness and stress tolerance, will be assessed with the standardised measures, 

Raven’s Standard Progressive Matrices and WOMBAT™ respectively. Participants will 

then operate the FD3 simulation. All participants will complete a brief training 
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programme in which they learn to operate the FD3 simulation and complete simulated 

fire fighting objectives; next, they will practice completing fire fighting objectives under 

either high or low conditions of cognitive load; after 60 minutes practise, all 

participants will perform a transfer test in which they complete simulated fire fighting 

objectives in an alternative fire fighting environment under an intermediate level of 

cognitive load. In this study, transfer performance will be measured in terms of the 

number of fire fighting objectives participants complete per simulation attempt (i.e., 

during practice and testing), to take into account the effect of prior practice on 

transfer performance.  

 

The primary research question investigated in this study is whether participants’ 

performance differ between the practice phase and the test phase as a function of 

cognitive load when cognitive ability and electronic gaming experience are controlled 

using covariate analysis? The finding that participants’ performance differs between 

the practice phase and the test phase as a function of cognitive load when cognitive 

ability and electronic gaming experience are controlled would support the notion of a 

transfer paradox. The finding that participants’ performance only differs between the 

practice phase and the test phase according to the interaction between cognitive load 

and cognitive ability or electronic gaming experience would support the existence of 

an expertise reversal effect. 

 

Based on Gonzalez’s (2004, 2005) findings, only participants that practice under low 

cognitive load should demonstrate a significant increase in performance between the 

practice phase and the test phase, and the degree of transfer should be largest for 

participants with low cognitive ability; despite the fact that overall, participants in the 

high cognitive load condition will complete more practice trials than participants in the 

low cognitive load condition.  Also, WOMBAT™ test scores should be more predictive 

of DDM performance than Raven test scores.  
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2. Method 
 

2.1 Overview  
 
To investigate the development and transfer of DDM performance in relation to 

cognitive ability and task cognitive load, participants were asked to complete three 

tasks, over five, one-hour, sessions. Participants’ cognitive ability, in the form of fluid 

intelligence, and situation awareness and stress tolerance, was assessed with the 

standardised measures, Ravens Standard Progressive Matrices and WOMBAT™ version 

5.3, respectively. Participants then operated a computer programme called Fire 

Department 3 (FD3) which simulated various dynamic fire fighting environments. Each 

participant completed a training simulation in which they learnt to operate the FD3 

programme and complete simulated fire fighting objectives (training phase), followed 

by further practice with completing fire fighting objectives under either high or low 

conditions of cognitive load (practice phase). All participants then performed a transfer 

test in which they completed simulated fire fighting objectives in an alternative fire 

fighting environment under an intermediate level of cognitive load (test phase).     

 

 

2.2 Participants 
 

Participants were 63 under-graduate and postgraduate students who were recruited 

from Student Job Search Otago. Thirty males and 33 females with a mean age of 22 

years (range = 18 to 39 years) completed the study. All participants were volunteers 

and required to provide informed consent before entering the study. They were 

financially reimbursed a standard rate of $12.50 per hour, for each hour of 

participation, and had the opportunity of receiving additional payments of $20.00 for 

producing high scores. This was undertaken in attempt to ensure all participants 

maintained sufficient motivation throughout the study to make their best effort to 

perform each task to the best of their ability.  
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The reimbursement schedule differed for participants 1-31 and 32-63. The first 31 

participants to enter the study were able to earn an additional payment of $20.00 for 

producing a score ranked in the top five WOMBAT™ scores and FD3 test phase scores. 

All subsequent participants to enter the study were able to earn an additional payment 

of $20.00 for producing a score ranked in the top five WOMBAT™ scores, Raven scores 

and FD3 test phase scores.  

 

Compared to the Raven test, the WOMBAT™ test demands the application of high 

levels of attention for a longer duration than the Raven test. Initially, participants were 

able to earn an additional payment of $20.00 for producing a score ranked in the top 

five WOMBAT™ scores as an incentive to maintaining attention throughout 

WOMBAT™ testing. However, to ensure that participants’ ability to earn additional 

payments for high WOMBAT™ scores did not disproportionately increase their 

performance on the WOMBAT™ test compared to the Raven test, the reimbursement 

schedule was altered so that participants’ had the ability to also earn an additional 

payment for high Raven scores. 

 

Fifty-nine University of Otago students and four Otago Polytechnic students completed 

the study. The participant sample was not limited by age, sex or occupation. The 

average number of years of tertiary level education was 2.9 (ranging from 1 to more 

than 7; mode = 2) and 52% of the participants had not completed a tertiary level 

qualification. For those who had, 19 had completed a Degree, 4 had completed a 

Diploma and 9 had completed a Certificate. The major subject of only two students 

related directly to computer use (e.g., Computer Science). No participant indicated 

that they had experience with Ravens Standard Progressive Matrices, WOMBAT™ 

version 5.3 or the FD3 fire fighting game prior to entering this study.  

 

 

2.3 Experimental Design 
 

This study had a one-factor repeated measures mixed design. The manipulated 

variable was task cognitive load during the practice phase; levels were low and high. 
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Practice phase performance and test phase performance were entered as within-

subjects factors and the two levels of the manipulated variable were used as a 

between-subjects factor. The measured variables WOMBAT Score, Raven Score and 

Electronic Gaming Experience were used as covariates.  

 

 

2.4 Materials  
 

2.4.1. Information Sheet and Consent Form 
 
All potential participants received a comprehensive information sheet (see Appendix 

One) which outlined the aim of the study, type of participants being sought, what 

participants would be asked to do, the process of financial reimbursement should they 

choose to engage in the study and participants’ eligibility for reimbursement if they 

withdrew part way through the study. The information sheet also outlined what 

information would be collected, how it would be used and the contact details of the 

experimenter and study supervisor if participants had any questions.  

 

The consent form (see Appendix Two) outlined that participants formally 

acknowledged that they had read the information sheet concerning this study and 

understood what it was about and that all their questions had been answered to their 

satisfaction; they could request further information at any stage; knew that their 

participation in the experiment was entirely voluntary and they could withdraw from 

the experiment at any time without disadvantage; personal identifying information 

would be destroyed at the conclusion of the experiment but any raw data on which 

the results of the study depend would be retained in secure storage for five years, 

after which they would be destroyed. Also, that the results of the study might be 

published and would be available in the University of Otago Library (Dunedin, New 

Zealand) but every attempt would be made to preserve their anonymity.   
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2.4.2. Demographic Information Questionnaire 
 

All participants completed a questionnaire (see Appendix Three) to collect information 

about age, gender, level of tertiary education, course of study and their prior 

experience with Ravens Standard Progressive Matrices, WOMBAT™ version 5.3 and the 

FD3 fire fighting game. This was undertaken to enable an accurate description of the 

participant sample in terms of educational based indicators of cognitive ability and 

check that all participants were naive to the materials used in this study. The 

questionnaire also asked each participant to estimate (on a seven point Likert scale) 

the average number of days per week in the past month on which they had engaged in 

electronic gaming. This was undertaken to enable any biasing effect of electronic 

gaming experience on the effect of the manipulated variable to be adjusted for with 

statistical procedures.   

 

 

2.4.3. Raven Standard Progressive Matrices 
 

The Raven Standard Progressive Matrices (Raven, 1958) is a non verbal measure of 

fluid intelligence. Fluid intelligence is the cognitive ability to understand and work with 

novel stimuli or information and the ability to adapt cognitive strategies to meet the 

demands of new cognitive problems (Gonzalez et al., 2005a). The Raven questionnaire 

was presented in booklet form and contained five sets of 12 analogue visual problems. 

For each problem, static geometric shapes were arranged in a 3 x 3 matrix with one 

shape missing. Participants were asked to complete each matrix with the most 

appropriate shape from a set of eight alternatives located below each matrix. As 

participants progressed through the test items, the relationship between the shapes in 

each matrix became increasingly ambiguous and the matrices became harder to 

complete. The Raven’s test takes approximately 40 minutes to administer and has 

good test-retest reliability (Williams & McCord, 2006). 

 

Participants recorded their responses to the Raven’s test items with pencil and paper 

and these were hand scored by the experimenter. The measured variable ‘Raven 

Score’ represented each participant’s total number of correct responses to the 60 
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Raven problems, and described each participant’s fluid intelligence in terms of a 

continuous score between 0 and 60. Normative comparisons are available for the 

Raven’s test but were not used in this study. 

 

2.4.4. WOMBAT™   
 
This study used the WOMBAT™ version 5.3 Situation Awareness and Stress Tolerance 

Test (Roscoe & North, 1980) which was developed to measure individual ability to 

evaluate and integrate information about multiple related and relevant events, quickly 

assess changes in situational priorities and allocate attention appropriately to 

maximise task performance (Roscoe et al., 2001). Participants interacted with the 

WOMBAT™ test via the WOMBAT™ console and a 19-inch Sony monitor which was 

connected to a PC-General 486DX-50 with a 512kb VGA colour graphic system. 

WOMBAT screen resolution is based on a virtual 640 X 480 grid. The WOMBAT™ 

console has two joysticks and a 13-button keypad (see Figure 3). Joystick and button 

functions vary according to each task. The visual feedback display depicted each 

WOMBAT™ task in 2D (note that the 3D Figure-Rotation bonus task displays 3D 

figures) and presented participants’ current task performance, points being scored in 

relation to that performance, current total score and estimated total score after 90 

minutes of testing. Participants interacted with WOMBAT™ in a noise and light 

controlled environment.   

 

Figure 3. WOMBAT™ system hardware. 
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The programme structure of the WOMBAT™ test fits a two layered vertical hierarchy 

with a dual tracking task at the top and three secondary ‘bonus’ tasks below called 

Figure-Rotation, Quadrant-Location and Digit-Cancellation (see Figure 4). Maximum 

performance on WOMBAT™ required participants to maintain accurate dual tracking 

and complete bonus tasks as precisely and frequently as possible.  

 

 

Figure 4. Two layered vertical structure of the WOMBAT™ test programme. 

 

For the dual tracking task, the left-hand joystick controls the horizontal movements of 

a pair of parallel lines with forward and backward movements of the joystick. The 

right-hand joystick controls a cross-hair on screen with 360° movement of the joystick. 

The objective of the task is to track the vertical sides of an expanding and contracting 

hexagon with the pair of lines controlled by the left-hand joystick, while maintaining 

the position of the cross-hairs within a circle which moves around the screen with the 

right-hand joystick (see Figure 5).   

 

Dual Tracking 
Task

Figure -
Rotation

Quadrant -
Location

Digit -
Cancellation

Choice Point
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Figure 5. WOMBAT™. Picture is of the dual tracking task, with indicators for tracking 

performance (blue square), bonus task performance (pink square), current combined 

score (green rectangle) and projected overall performance score (white E symbol).  

 

The dual tracking task is attempted with one of two modes of control: acceleration or 

velocity control. In the acceleration control mode, the lines and cross-hairs move at a 

constant rate when the joysticks are at their spring centres and changed their rate of 

movement in direct relation to the degree of movement of the joysticks. In the velocity 

control mode, the symbols remained stationary until the joysticks were moved from 

their spring centres; after this time, the velocity of the symbols movement reflects the 

proportion of movement of the joysticks. The WOMBAT™ test programme selects each 

mode according to an adaptive logic. When accurate tracking is achieved manually, a 

trigger switch located on the right-hand joystick can be used to enact an autotrack 

function that assumes automated control to maintain accurate tracking.   

 

Once autotrack was engaged participants could select a bonus task to complete. 

Participants moved to the choice point for selecting a bonus task by pressing a button 

on the console labelled ‘Bonus’. Pressing the bonus button changes the screen display 

from the dual tracking task to a display which depicts each bonus task and the current 

scoring rate for completing each task to aide participants’ ability to maximise scoring 

(see Figure 6). 
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Figure 6. WOMBAT™. Picture is of the bonus task menu (choice point), with the scoring 

rate available for each bonus task represented by the white horizontal bars in the 

centre of the picture. 

 

The scoring rate for each bonus task is relative to the rate of successful task 

completion and proportion of attempts a participant makes with each task. Maximum 

scoring is achieved by attempting all bonus tasks a similar number of times and 

maintaining a high rate of successful task completion. If a participant discovered that 

they performed substantially better on one task they could select that task more 

frequently, but the scoring rate for the task would be less than optimal due to the 

participant not attempting all bonus tasks a similar number of times. Thus, participants 

needed to decide whether to attempt tasks they performed well at the cost of a low 

scoring rate per attempt, or attempt all bonus tasks to maintain a higher scoring rate 

per attempt.  Each bonus task has a 60 second period for completion after which the 

WOMBAT™ programme returns participants to the choice point so that a different task 

can be selected or the same task reselected.   

 

It is important to note that autotrack is not a perfect device and frequently fails. 

Therefore, once participants exited the dual tracking task to complete a bonus task 

they needed to remain aware of the performance status of autotrack via a feedback 

display which depicted the level of tracking performance. The feedback display is a 

horizontal line in a small square located in the upper left hand corner of the screen. To 

compound the difficulty associated with monitoring the performance of autotrack 

whilst completing bonus tasks; there are two modes of autotrack failure. In one mode 
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tracking performance only deteriorates slightly and does not fail completely, the 

horizontal performance feedback line begins to fluctuate (up and down) but does not 

drop completely to the bottom of the feedback display. Whereas, in the other mode, 

tracking performance deteriorates rapidly and quickly fails completely. The 

performance line rapidly drops to the bottom of the feedback display and the feedback 

square turns grey and starts’ flashing to indicate that autotrack has failed. 

 

To reset autotrack in full working order, participants needed to exit the current bonus 

task (via pressing the bonus key), disengage the failing autotrack function, re-establish 

accurate manual tracking and then reset autotrack in full working order. The 60 second 

countdown for the completion of each bonus task suspends when participants exit a 

bonus task to reset autotrack. Failure to respond to the autotrack function when it 

failed resulted in a reduction in the points a participant could score on both the dual 

tracking task and bonus tasks. Thus, participants needed to decided whether to ignore 

slight deteriorations in tracking performance in favour of attending to completing 

bonus tasks but risk missing an autotrack failure, or react to all deteriorations in 

tracking performance to maintain a high level of tracking performance and scoring rate 

for the dual tracking task at the cost of frequent disruptions to the completion of 

bonus tasks.   

 

In the 3D Figure-Rotation bonus task, two 3D figures are displayed side by side. The 

objective is to decide if the figures are identical, mirror images or different. To 

facilitate participants’ decision making, the figures can be rotated on three axes using 

the two joysticks. Arrow keys on the console enabled participants to select which 

figure they wished to rotate. Selection of the relationship between the figures (e.g. 

mirror images) is made by pressing a number on the console that corresponds to the 

choice on screen. Correct responses within the 60 second time frame enabled 

participants to respond to another set of 3D figures. An incorrect response within the 

time frame disengaged the ability of a participant to respond to additional figures 

during which time they had to wait out any remaining time (with the ability to respond 

to autotrack failures), which had to countdown before they could select a new bonus 

task to complete.  



41 

 

In the Quadrant-Location bonus task, participants had to cancel digits distributed 

across four quadrants in order (8 in each quadrant). Each quadrant was labelled with a 

number that corresponded to a number on the console; participants cancelled each 

digit in the quadrants by pressing the number on the console that corresponded to the 

quadrant the digit is in. The digits ranged from 1 through to 32 and are distributed in 

patterns. To maximise scoring, participants needed to discover the pattern for each 

quadrant set and use their knowledge of the pattern to cancel the digits as swiftly and 

accurately as possible. Accurate cancellation of all the digits within 60 seconds enabled 

participants to respond to another set of 32 digits and score more points. Substantial 

incorrect responding disengaged the ability of a participant to access another set of 

digits and required them to wait out any bonus task time remaining (with the ability to 

respond to autotrack failures). An adaptive logic increases the accuracy of digit 

cancellation required to access further quadrant sets; participants had to cancel digits 

with increasing accuracy to continue to access further sets of digits. The adaptive logic 

resets after each 60 second task attempt.   

 

In the Digit-Cancellation bonus task, digits 1 through 9 are displayed at two second 

intervals in a small window on the screen. The objective is to ‘cancel’ (or respond to) 

digits two-back in the display sequence with the corresponding digit on the console. 

The first three digits are displayed automatically so that participants could learn the 

sequence, after which they had to respond with a digit before the programme would 

display another digit in the sequence. If a participant forgot the sequence they had to 

respond randomly until they learnt the sequence again. The Digit-Cancellation task will 

continue to display digits despite incorrect responses but participants could not score 

any further points for incorrect responses.  

 

All participants in this study received systematic instruction and practice with each 

WOMBAT™ task prior to testing, to ensure that they reached an adequate level of 

tracking performance and clear understanding of each bonus task. The WOMBAT™ 

programme includes 51 screen pages of self-directed instruction and practical 

exercises to teach examinees how to complete WOMBAT™ tasks. The instructional 

screen pages and practical exercises must be completed within a 60 minute time 
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frame. This study used an adaptation of the full WOMBAT™ programme instructions to 

produce an instructional phase which could be completed in 20 minutes. This was 

undertaken to enable WOMBAT™ training and testing to be completed within a one 

hour session and facilitate high participant motivation to complete WOMBAT™ tasks.  

 

The adapted instruction phase used experimenter facilitated practical instruction (see 

Appendix Four) based on the instructions produced by the WOMBAT™ programme 

combined with applied training exercises from the WOMBAT™ programme. The 

instructions informed participants how to maintain accurate tracking, use autotrack 

effectively and complete the three bonus tasks, and the applied exercises enabled 

participants to practice each WOMBAT™ task. In addition to the 20 minutes of 

systematic instruction, the experimenter used a set of standardised verbal prompts 

during the first 5 minutes of WOMBAT™ testing (see Appendix Five), which were based 

on the instructions produced by the WOMBAT™ programme. The prompts provided 

participants with additional feedback about autotrack functioning and aided 

interpretation of the feedback produced by the Digit-Cancellation bonus task, which is 

the most opaque WOMBAT™ bonus task.   

 

The WOMBAT™ test produces continuous performance data for the dual tracking task 

and each bonus task (e.g., 3D Figure-Rotation) and a combined overall performance 

score; which accumulates in 10 minute intervals. After each interval, the WOMBAT™ 

programme provided an output of participants’ performance score and a projection of 

their total performance score after 90 minutes of WOMBAT™ testing. According to 

O’Brian and O’Hare (2007), WOMBAT™ performance tends to stabilise after 40 

minutes of testing, thus the measured variable ‘WOMBAT Score’ represented each 

participant’s projected total performance score after 90 minutes of WOMBAT™ testing 

– after 40 minutes of actual WOMBAT™ testing.     
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2.4.5. Fire Department 3 – FD3 
 
Fire Department 3 (Monte Cristo Multimedia, 2006) is a computer-generated fire 

fighting game. The game enabled participants to command fire fighters, paramedics, 

fire appliances and other emergency vehicles to rescue civilians and extinguish fires in 

a dynamic, real-time, 3D environment. The graphic presentation of the game was of a 

high quality and all units (e.g. personnel and fire appliances) were realistically 

represented. Participants operated FD3 via a standard computer keyboard and mouse 

with a 21-inch Philips Brilliance 201B monitor connected to an AMD Athlon™ X86-

based PC which produced a screen resolution of 1024 X 768 with 32 bit colour quality.  

Audio feedback was provided by three 40 watt speakers. Participants operated FD3 in 

a noise and light controlled environment.  

 

Figure 7 presents the layout of the main on-screen feedback display, which was divided 

into four sections. The main game screen provided a 3D perspective of the 

environment in which the participants organised and controlled all units in the game. A 

mini map window was located at the bottom left hand corner of the main screen. The 

mini map window displayed a map of the fire location and placement of fire fighting 

units and included control buttons to change the viewing angle and zoom of the main 

screen (around four axes) and enabled participants to view campaign objectives in the 

upper left hand corner of the screen. At the bottom centre of the screen a computer 

window indicated which fire fighting unit or fire house was available for duty and the 

current status of those units. Located at the bottom right-hand side of the screen was 

a 3 x 4 matrix called the action window. Buttons in the action window enabled 

participants to issue detailed orders to units in the game.    
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Figure 7. Fire Department 3 (Monte Cristo Multimedia, 2006) showing a fire truck, four 

fire fighters and an injured civilian (i.e., green image of a human in the foetal position). 

 

 

Fire fighting personnel can be idle, selected but inactive, actively completing a 

command to move to another location, fighting a fire, repairing equipment, opening a 

door, breaking a window or door, rescuing a civilian, entering a vehicle or deceased. 

Fire appliances can be idle or selected but inactive, actively completing a command to 

move to a new location, fighting a fire, recharging with water or destroyed. 

Furthermore, different fire houses arrive at the fire scene depending on the 

characteristics of the fire fighting situation. Each fire house represents a distinct group 

of fire fighting units (e.g. 1 water tanker, 1 fire truck with ladder application, 1 fire 

chief and 3 fire fighters). Each fire house available for duty is shown in a green bevelled 

rectangle at the lower edge of the screen.  

 

Participants controlled units in the game and made item selections via the right and 

left mouse buttons. In the 3D perspective, a left click selected and deselected units and 
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items and a right click initiated an action. A double click on any unit centred the 3D 

perspective on that unit and several units could be selected at once by depressing the 

control key and drag clicking over the desired units. Once a unit had been selected it 

could be relocated by shifting the cursor to the desired location of the unit and re-

clicking. The unit would respond by moving to that location. Actions could be 

conducted by selecting a unit and then right-clicking on an action symbol associated 

with a task (e.g. a rotating spanner symbol above a damaged generator must be 

clicked to command a fire fighter to fix the generator), or clicking a button in the action 

window that corresponded to the desired activity for the unit. Different units have 

different skills (e.g. only the technical officer can repair damaged mechanisms) and the 

correct unit must be selected for the correct action. Four types of fire may be 

encountered (e.g. Class C: electrical fires) in one of three types of environment (urban, 

industrial and rural) and each fire requires a different extinguishing method.  

 

The FD3 programme produces an educational training tutorial and 13 fire fighting 

campaigns with three levels of intensity of fire fighting conditions. Each campaign has a 

different fire fighting environment with a different set of fire fighting/mission 

objectives. The training tutorial is called ‘Smoke Eaters Training Camp’ and instructed 

participants how to control personnel and vehicles, and provided them with 

information about real-world fire fighting concepts including flashovers, back-drafts, 

and methods for extinguishing different classes of fire (e.g., Class A, B and C), via 

computer-generated visual and audio instructions. In addition to the computer-

generated FD3 instructions, each participant was supplied with a detailed written 

script of the various computer mouse movements required for completing the 

objectives contained in the FD3 tutorial (see Appendix Six) to facilitate their learning. 

The full-length tutorial contains 22 training objectives. In the present study, only the 

first 17 training objectives were used as knowledge of the additional training 

objectives was deemed unnecessary in order to complete fire fighting objectives in the 

two FD3 campaigns used in the practice phase and test phase of this study.  

  

Two different FD3 fire fighting campaigns were used for the practice phase and test 

phase. Each campaign began with a briefing that displayed a map of the environment 
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in which the fire would be fought, information about campaign objectives, which fire 

houses were available for duty and the location of injured civilians. Each campaign had 

a specific set of objectives for participants to accomplish. Most objectives had to be 

completed in order (e.g. a fire in a generator must be extinguished before the 

generator can be repaired), although this was not always the case.   

 

During the practise phase, participants attempted to complete the fire fighting 

campaign called: “Presentation of the An-225 “Mriya”. For the purposes of simplicity, 

this campaign will be referred to as campaign A. Campaign A simulates an industrial 

environment characteristic of an airport; participants were required to enter buildings, 

extinguish fires, rescue injured civilians (n = 5), repair and/or operate electrical 

appliances (n = 4) and protect property from fire damage until reinforcements arrived. 

The units available for participants to command were one airport fire truck, one 

ambulance, one technical officer, one fire fighter and one fire fighter commander. 

Successful completion of campaign A required participants to complete 18 fire fighting 

objectives.  

 

During the test phase, participants attempted to complete the campaign called 

“Maiden Fire”, this campaign will be referred to as campaign B. Campaign B simulates 

an urban environment characteristic of a shopping complex which includes a library 

and pub. The main shopping complex is located one floor level below ground level, 

with the pub located above ground. The units available for participants to command 

were one ambulance, three fire fighters, one fire fighter commander, three 

paramedics and a small fire truck. Participants had to enter buildings, rescue civilians 

(n = 15), extinguish fires and repair and/or operate electrical appliances consistent 

with campaign A, but note that campaign B is structurally distinct from campaign A in 

all aspects of the DDM environment in which participants completed fire fighting 

objectives. Successful completion of campaign B required participants to complete 25 

fire fighting objectives.    

 

The level of task cognitive load was varied within the FD3 game by manipulating the 

intensity and speed of fire, the effectiveness of fire fighting units’ ability to extinguish 
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fires and the level of damage to humans (e.g. civilians and fire fighters). Three different 

levels of task cognitive load were used during the study; these were low and high 

during the practice phase (Campaign A) and an intermediate level during the test 

phase (Campaign B). The time available for participants to operate the game and 

progress toward the completion of campaign objectives before the game quit was 

proportional to the number of civilian casualties incurred, which was related to the 

amount of fire participants extinguished and their ability to contain fire from 

increasing in intensity or spreading into new areas; which could quickly cause further 

civilian casualties. One common situation that led to a significant increase in fire size 

occurred when a fire had remained small through lack of oxygen, and then increased 

rapidly when oxygen availability was increased through a door or window being 

opened.  

 

The maximum length of time available for participants to attempt the first fire fighting 

objective in campaign A (Extinguish the electrical fire around the generator) without 

progressing toward the completion of the objective was 119 seconds in the low 

cognitive load condition and 102 seconds in the high load condition. Thus, during the 

practice phase participants in the low cognitive load condition had 17 more seconds to 

complete the first fire fighting objectives than participants in the high cognitive load 

condition. Note that as participants progressed toward completing an objective the 

time available for completing the objective increased proportionally as the rate of fire 

damage reduced subsequent to participants’ progress with extinguishing fire. The 

maximum time available for participants to attempt the first fire fighting objective in 

campaign B (Go down to the underground centre and rescue people), without 

progressing toward the completion of the objective was 285 seconds for the 

intermediate cognitive load condition.  

 

A direct comparison between the conditions of low, intermediate and high cognitive 

load was not able to be conducted between the campaigns A and B as the two 

campaigns represent structurally distinct simulated environments; although the time 

limits for completing the first objective in campaign B are distinct and ordered low 

(518 seconds) to intermediate (285 seconds) to high (150 seconds) suggesting that the 
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intermediate condition produces a reasonable mid level of task cognitive load 

compared to the high and low conditions.  

 
The FD3 programme was not specifically designed for laboratory research; therefore 

external methods needed to be developed to measure participant performance in the 

game. To this end, the screen capture application for Microsoft Windows® named 

FRAPS™ Version 2.9.4 © beepa™ 2007 was used to record participants’ performance in 

the FD3 game. The footage of each participant’s performance was then viewed using a 

VLC Media Player © 1996 - 2009. The experimenter viewed the footage after each 

session and hand-scored the number of objectives participants completed and the 

real-world duration (in seconds) that participants maintained successful fire fighting 

before the game quit due to excessive casualty loss. All footage was destroyed after 

scoring to maintain memory space for further data recording. Note that in all cases, a 

completed objective reflected the completion of one single fire fighting objective (e.g., 

1 civilian rescued). For compound objectives that required multiple objectives to be 

completed (e.g., rescue people in the pub), each single objective was counted and not 

the larger compound objective. This was done to increase the sensitivity of the 

measure. The specific measured variables used to record participants’ performance on 

FD3 during each phase of the study are described in more detail below: 

 
- Training Phase: During the Training Phase, one performance variable was 

measured: Training Time. Training Time represented the number of seconds 

each participant required to complete the first 17 training objectives in the 

training tutorial, and was measured with a stopwatch.  

- Practice Phase: During the practice phase, two performance variables were 

measured: Number of Practice Attempts and Practice Phase Performance. The 

measured variable, Number of Practice Attempts, represented the number of 

FD3 attempts each participant used during the practice phase in their attempt 

to complete campaign A, and was measured by recording the number of times 

the game quit for each participant. The measured variable, Practice Phase 

Performance, was measured by recording the number of objectives each 
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participant completed during the practice phase, and dividing this number by 

each participant’s number of game attempts. 

- Test Phase: During the test phase, two performance variables were measured 

during two test phase attempts: Objectives Completed (1) and (2), and Fire 

Fighting Duration (1) and (2). Note, the number (1) and (2) represent test phase 

attempt one and two.  

 
 

2.5 Procedure 
 

2.5.1. Session One  
 

During the first session, all participants were provided with information about the 

nature of the study and were given the opportunity to ask questions and give informed 

consent. The experimenter gave general details about the study verbally and it was 

explained that there was no penalty for ending participation at any time. It was 

explained that the study would require attendance on five separate occasions for 

between 45 minutes to 1 hour duration and that they would be financially reimbursed 

for their time commitment. Participants were informed that they would not be 

allowed to complete a session within an hour of completing a previous session to 

ensure that they were adequately rested for each session. After reading the 

information sheet and having the opportunity to clarify any points of uncertainty with 

the experimenter, participants were asked to read and sign the consent form before 

the study could begin.   

 

Next, participants were asked to complete the demographic questionnaire. Each 

participant was then individually administered the Raven Standard Progressive 

Matrices. The experimenter followed the standard Raven’s administration procedure.   
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2.5.2. Session Two 
 

During the second session, participants completed individually administered training 

and testing with the WOMBAT™ Situation Awareness and Stress Tolerance test. The 

full version of WOMBAT™ training and testing requires approximately 50 minutes self-

directed training followed directly by 90 minutes testing with WOMBAT™ tasks. This 

study used 20 minutes of experimenter facilitated training followed directly by 40 

minutes of WOMBAT™ testing.  

 

For the training procedure in this study, the experimenter read a standardised set of 

instructions (see Appendix Four) to each participant while they completed practical 

WOMBAT™ learning exercises to develop an adequate level of proficiency with all 

tasks prior to testing. The test condition followed immediately after the training 

procedure and required participants to complete WOMBAT™ tasks with the objective 

of achieving maximum points during a period of 40 minutes interaction with 

WOMBAT™. To ensure that all participants effectively generalised the skills that they 

had developed during training to operating WOMBAT™ during testing, in the first 5 

minutes of WOMBAT™ testing the experimenter used a set of standardised verbal 

prompts (see Appendix Five) to provide participants (where necessary) with additional 

feedback about autotrack functioning and aid their interpretation of the feedback 

produced by the digit-cancellation bonus task.  

 

2.5.3. Session Three 
 

During the third session, participants completed the training phase and the first 20 

minutes of the total one-hour practice phase. During the training phase, each 

participant individually completed the first 17 objectives contained in the FD3 tutorial 

called the Smoke Eaters Training Camp. Participants were presented with visual and 

audio instructions generated by the FD3 programme and detailed written instructions 

produced by the experimenter regarding how to complete each training objective (see 

Appendix Six). Participants were instructed that their main objective during the 

practice phase and test phase was to rescue civilians.    
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After completing the training phase, participants were alternatively divided into one of 

the two manipulated conditions of task cognitive load (low and high) and completed 

20 minutes practice with achieving fire fighting objectives in campaign A (practice 

phase), under their designated level of task cognitive load.  No further FD3 instructions 

were provided following completion of the training phase. When the FD3 game quit 

due to excessive casualty loss, the experimenter restarted the game.  

 

2.5.4. Session Four 
 

During the fourth session, all participants completed a further 40 minutes practice with 

completing the simulated fire fighting objectives in Campaign A, with the same level of 

task cognitive load as in session three.  

 

2.5.5. Session Five 
 

During the fifth and final session, all participants were required to transfer the skill and 

knowledge they had gained during the practice phase to complete fire fighting 

objectives in Campaign B, with an intermediate level of task cognitive load (test 

phase). Therefore, participants who completed the practice phase under a high level of 

task cognitive load experienced a reduction in cognitive load during the test phase and 

participants who completed the practice phase under a low level of task cognitive load 

experienced an increase in cognitive load during the test phase. The test phase was 

repeated once to increase the sensitivity of the measured variables to variability in fire 

fighting performance between the conditions of the manipulated variable (i.e., task 

cognitive load).   
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3. Results 
 
 

3.1 Overview  
 
All statistical tests and data transformations were planned and executed in accordance 

with the recommendations of Tabachnick and Fidell (1996), and carried out using SPSS 

v19.0 for Windows. The primary parametric analysis conducted was a repeated 

measures analysis of covariance to investigate the relationship between task cognitive 

load and the transfer of DDM performance according to cognitive ability; where 

cognitive load during the practice phase was the manipulated between-subjects factor 

(levels: low and high), performance during the practice phase and test phase was the 

within-subjects factor and cognitive ability was used as a covariate. Electronic Gaming 

Experience was also used as a covariate to enable any effect of electronic gaming 

experience on the effect of the manipulated variable to be adjusted for with statistical 

procedures.    

  

The level of task cognitive load during the practice phase was manipulated by varying 

the intensity and speed of fire, the effectiveness of fire fighting units’ ability to 

extinguish fire and the level of damage to humans (e.g. civilians and fire fighters) 

within the FD3 game. Participants’ performance during the practice phase was 

recorded with two measured variables: Number of Practice Attempts and Practice 

Phase Performance. Performance during the test phase was measured with two 

measured variables during two test phase attempts: Objectives Completed (1) and (2), 

and Fire Fighting Duration (1) and (2). Participants’ cognitive ability, in the form of fluid 

intelligence and situational awareness and stress tolerance was assessed with the 

standardised measures, Ravens Standard Progressive Matrices and WOMBAT™ version 

5.3, respectively. The mean number of days per week in the past month on which 

participants had engaged in electronic gaming was recorded on a seven point Likert 

scale. 
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The accuracy of the data set for each measured variable was checked using SPSS 

FREQUENCIES and MEAN values to ensure that all data sets satisfied basic expectations 

for the range of possible scores. Several variables were found to have a high 

proportion of missing data, so three rounds of statistical analyses were undertaken to 

enable p-values to be compared in light of the error associated with imputing missing 

data. The main statistical analyses were conducted using mean data imputations and 

are presented in detail in this chapter. Two additional rounds of statistical analyses 

were conducted on different data sets that (a) excluded cases with missing data and 

(b) used expectation maximisation to estimate data imputations, and are presented in 

detail in Appendices Thirteen and Fourteen.  

 

All data sets were checked to ensure that they satisfied the statistical assumptions 

required for analysis of covariance. Statistical assumptions were investigated for the 

two levels of the manipulated variable and comprised tests of normality, outliers, 

homogeneity of variance, linearity, the relationship between covariates and 

homogeneity of regression slopes. Where necessary, statistical data transformations 

were undertaken prior to parametric analysis to satisfy the statistical assumptions 

required.   

 

The following section consists of a brief overview of the descriptive statistics for each 

phase of the study and a description of the data values imputed for missing data and 

investigation of the statistical assumptions required for analysis of covariance, 

followed by a report of the primary results of the parametric analyses conducted.  

 

 

3.2 Descriptive Statistics  
 

Participants were asked to complete three tasks, over five, one-hour sessions, during 

which two measures of cognitive ability and a training phase, practice phase and test 

phase with the FD3 fire fighting game were completed. The following descriptive 

statistics for each phase of the study were derived from raw (non-transformed) data 

and include a brief description of the Pearson r Correlation Coefficient values for the 
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main variable associations.  A full list of the Pearson r coefficients for each combination 

of the measured variables are presented in full in Table 1, Appendix Seven.  

 

All participants who agreed to take part in the study completed the five sessions 

required. Eighty-seven percent of participants completed the training phase and 

practice phase within one week (range = 1 day to 18 days) and 90% of participants 

completed the final practice phase session and test phase session within a two day 

time frame (range = same day to 7 days). There were 11 males and 20 females in the 

low cognitive load condition and 19 males and 13 females in the high cognitive load 

condition. Gender had a negative medium-sized relationship with electronic gaming 

experience [r = -.362, n = 63, p<.01], with 63% of male participants and 27% of female 

participants reporting recent gaming; 14 participants in each condition of the 

manipulated variable reported recent gaming experience. The overall mean number of 

days on which participants had engaged in electronic gaming was 1.3 (SD = 1.90, min. = 

0, max. = 7, Std. Error = 0.24). Recent electronic gaming experience had a positive 

medium-sized relationship with Practice Phase Performance [r = .490, n = 56, p<.01]. 

Examination of the Pearson r coefficients presented in Table 1 Appendix Seven 

indicated that both electronic gaming experience and gender were related to test 

phase performance and that the effect of electronic gaming experience increased from 

test phase attempt (1) to attempt (2) while the effect of Gender decreased.   

 

The mean WOMBAT Score across both conditions was 232.85 (SD = 73.1, min. = 40.5, 

max. = 375.9, Std. Error = 9.21), and comparable to WOMBAT Scores reported for 

other student samples (see O’Brien & O’Hare, 2007). The mean Raven Score across 

both conditions was 50.19 (SD = 5.4, min. = 32, max. = 60, Std. Error = 0.67), and 

comparable to Raven scores reported for other student samples (see Gonzalez, 2005). 

The Pearson r coefficients presented in Table 1 Appendix Seven, indicated that overall, 

WOMBAT Score had a medium-sized positive correlation with Raven Score [r = .462, n 

= 63, p<.0005] and test phase performance, both in terms of objectives completed 

(e.g., attempt (1) [r = .361**, n = 52, p<.009]) and the duration of successful fire 

fighting (e.g., attempt (2) [r = .362**, n = 57, p<.006]), and the strength of the 

relationship appeared to increase from attempt (1) to attempt (2). A similar but 
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weaker relationship was apparent between Raven Score and the two measures of test 

phase performance for attempt (1) and (2) (see Table 1 Appendix Seven).  

 

Participants took a mean of 1102.12 seconds to complete the training phase (SD = 

392.35, min. = 652, max. = 2720, Std. Error = 50.65) and as expected (based on 

Gonzalez’s (2005) research), participants in the high cognitive load condition required 

more practice phase attempts (M = 9.75, SD = 3.44, min. = 5, max. = 22, Std. Error = 

.61) than those in the low cognitive load condition (M = 4.16, SD = 1.00, min. = 2, max. 

= 7, Std. Error = .18). The mean Practise Phase Performance across both conditions was 

relatively low at 4.71 objectives completed per game attempt (SD = 2.55, min. = .27, 

max. = 10, Std. Error = .341). Practise Phase Performance had a medium-sized positive 

correlation with test phase performance as measured by Objectives Completed (1) [r = 

.397**, n = 46, p<.01] and Fire Fighting Duration (2) [r = .381**, n = 50, p<.01].  

  

During the test phase, the mean number of objectives completed was relatively low, at 

2.58 (SD = 2.5, min. = 0, max. = 10, Std. Error = 0.35) during attempt (1) and 5.38 (SD = 

3.60, min. = 0, max. = 16, Std. Error = 0.52) during attempt (2), which suggests the 

existence of a floor effect for Objectives Completed. As expected (due to the 

association between extinguishing fire and rescuing civilians), the measured variables, 

Objectives Completed, and Fire Fighting Duration, shared a large positive correlation 

for attempt (1) [r = .557**, n = 52, p<.0001] and (2) [r = .740**, n = 47, p<.0001].   

 
 

3.3 Missing Data  
 

Descriptive analyses showed that the following six measured variables had missing 

data: Training Time, Practice Phase Performance, Objectives Completed (1) and (2) and 

Fire Fighting Duration (1) and (2). Table 1 displays the proportion of missing data for 

the two levels of the manipulated variable for each measured variable with missing 

data. Data were missing for two reasons; (1) forced shutdown of the FD3 programme 

prior to saving; (2) error in data recording due to variation in the display of 

performance feedback between FD3 campaign’s A and B. Forced programme 
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shutdown produced random missing data unrelated to any measured variable or the 

manipulated variable. Errors in data recording occurred due to the failure to detect 

that the feedback display which depicted the number of civilians rescued in FD3 

campaign A, depicted the number of ventilation fans turned on in campaign B. This 

difference was not detected until nine participants had completed the test phase; 

which resulted in missing data for the measured variable, Objectives Completed (1) 

and (2).  

 

Erroneous data recording produced systematic missing data for the first four 

participants assigned to level one of the manipulated variable (high cognitive load) and 

the first five participants assigned to level two of the manipulated variable (low 

cognitive load). The order with which participants were assigned to each level of the 

manipulated variable was alternating and not related to any measured variable. 

Therefore, it was deemed acceptable to conduct statistical analyses to generate 

parametric estimates using imputed data to complete variable data sets with missing 

values.   

 

Table 1  

 
Measured Variables with Missing Data 

Measured Variable  Manipulated 
Variable 

Percent of 
Data Missing 

Number of 
Missing / Total 

Training Time 
  

Level 1 (high)                                                                                 
Level 2 (low)                                                                

6.3% 
3.2% 

2 / 32 
1 / 31 

Practice Phase 
Performance  

Level 1 (high)                                                                                  
Level 2 (low)                                                                                                                        

18.8% 
3.2% 

6 / 32 
1 / 31 

Objectives Completed (1) Level 1 (high) 
Level 2 (low)                                                                                                                                

18.8% 
16.1% 

6 / 32 
5 / 31 

Objectives Completed (2) Level 1 (high) 
Level 2 (low)                                                                                                                                

25.0% 
22.6% 

8 / 32 
7 / 31 

Fire Fighting Duration (1) Level 1 (high) 
Level 2 (low)                                                                                                                             

3.1% 
3.2% 

1 / 32 
1 / 31 

Fire Fighting Duration (2) Level 1 (high) 
Level 2 (low)                                                                                                                              

9.4% 
9.7% 

3 / 32 
3 / 31 
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The main statistical analyses were conducted with mean data imputations for the two 

levels of the manipulated variable for each measured variable with missing data. Data 

imputation using mean values is recognised as a conservative method of imputing 

missing data as it reduces variance and is less likely than other methods of imputation 

(e.g., expectation maximisation) to inflate test statistics and produce false positive 

results (Tabachnick & Fidell, 1996). Due to the high proportion of missing data for the 

variable Objectives Completed (2) (i.e., 25.0% and 22.6%, see Table 1), this variable 

was not analysed with data imputations. Frequency counts showed that the proportion 

of missing values for the variable, Objectives Completed (2), was balanced such that 

extant values were available for an equal number of cases for the two levels of the 

manipulated variable (n = 24). Thus, the variable, Objectives Completed (2), was 

included in analysis with missing cases excluded pairwise. Table 2 displays the mean 

data values for the two levels of the manipulated variable which were imputed for 

each measured variable with missing data.  

 

Table 2 

 
Mean Data Values Imputed for each Measured Variable with Missing Data (excluding 
the variable Objectives Completed (2))  

Measured Variable  Manipulated 
Variable 

Value  
Imputed 

Number of 
Imputations 

Training time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                              

1062.73 
1141.50 

2 
1 

Practice Phase Performance   Level 1 (high) 
Level 2 (low)                                                                                                                               

3.43 
5.75 

6 
1 

Objectives Completed (1) Level 1 (high) 
Level 2 (low)                                                                                                                               

3.15 
2.00 

6 
5 

Fire Fighting Duration (1) Level 1 (high) 
Level 2 (low)                                                                                                                               

355.58 
337.77 

1 
1 

Fire Fighting Duration (2) Level 1 (high) 
Level 2 (low)                                                                                                                              

450.48 
392.11 

3 
1 
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3.4 Statistical Assumptions Required for Analysis of Covariance    
 

3.4.1. Normality  
 
The normality of data distribution is a central underlying statistical assumption 

required for parametric analysis of covariance. Because analysis of covariance was 

planned with grouped data, normality was investigated separately for the two levels of 

the manipulated variable. The null hypothesis, that a distribution was not significantly 

different from a normal distribution, was checked for each measured variable by 

investigating frequency counts, creating a 95% confidence interval using the SPSS 

derived skewness estimate and the Standard Error of the skewness estimate, and 

examination of histograms. The null hypothesis was rejected if the 95% confidence 

interval for the skewness estimate did not contain the value zero (Pallant, 2005).  

 

Table 3 displays the frequency counts for participants’ estimated number of days on 

which they engaged in electronic gaming in the past month, and shows that the 

distribution of the measured variable, Electronic Gaming Experience, formed a 

bivariate distribution for those who had played an electronic gaming device and those 

who had not played an electronic gaming device in the past month. The bivariate 

distribution was deemed to deviate from a normal distribution to such a degree that a 

variable transformation was required prior to conducting parametric statistical 

analyses. 
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Table 3  
 
Frequency Counts for Participants’ Estimated Number of Days on which they engaged 
in Electronic Gaming in the Past Month 

Manipulated 
Variable 

Days Estimated Days of 
Gaming Experience 

Percentage of Total Estimated 
Days of Gaming Experience 

Level One (high) 0 
1 
2 
3 
4 
5 
6 
7 
Total 

18 
4 
3 
3 
1 
0 
2 
1 
32 

56.3 
12.5 
9.4 
9.4 
3.1 
0.0 
6.3 
3.1 
100.0 

Level Two (low) 0 
1 
2 
3 
4 
5 
6 
7 
Total 

17 
2 
3 
5 
2 
1 
1 
0 
31 

54.8 
6.5 
9.7 
16.1 
6.5 
3.2 
3.2 
0.0 
100.0 

 

 

The 95% confidence intervals presented in Table 4 indicated that the null hypothesis 

could not be rejected for the measured variable, Practice Phase Performance, for the 

two levels of the manipulated variable; the null hypothesis could not be rejected for 

one level of the manipulated variable for the following five measured variables: 

WOMBAT Score, Raven Score, Training Time, Number of Practice Attempts, Objectives 

Completed (1) and Fire Fighting Duration (1). The 95% confidence intervals presented 

in Table 4 show that the null hypothesis could be rejected for the measured variable, 

Fire Fighting Duration (2), for either level of the manipulated variable.  
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Table 4  
 
Results of Normality Assessments for each Measured Variable  

Measured Variable  Manipulated 
Variable 

Skewness 
value 

Std. 
Error 

95% Confidence 
Interval  

WOMBAT Score Level 1 (high) 
Level 2 (low)                                                                                                                               

-0.188 
-1.034 

.414 

.421 
-0.640 to  0.828 
-1.876 to -0.192 

Raven Score Level 1 (high) 
Level 2 (low)                                                                                                                               

-0.605 
-0.915 

.414 

.421 
-1.433 to 0.223 
-1.757 to -0.73 

Training Time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                              

1.094 
0.208 

.414 

.421 
0.266 to 1.922 
-0.634 to 1.050 

Number of Practice Attempts Level 1 (high) 
Level 2 (low)                                                                                                                               

1.897 
0.080 

.414 

.421 
1.069 to 2.725 
-0.841 to 0.922 

Practice Phase Performance Level 1 (high) 
Level 2 (low)                                                                                                                              

0.461 
0.079 

.414 

.421 
-0.367 to 1.289 
-0.763 to 0.921 

Objectives Completed (1) Level 1 (high) 
Level 2 (low)                                                                                                                               

0.857 
0.729 

.414 

.421 
0.029 to 1.685 
-0.113 to 1.571 

Fire Fighting Duration (1) Level 1 (high) 
Level 2 (low)                                                                                                                              

0.731 
1.019 

.414 

.421 
-0.97 to  1.559 
0.598 to 1.440 

Fire Fighting Duration (2) Level 1 (high) 
Level 2 (low)                                                                                                                               

4.675 
1.443 

.414 

.421 
3.847 to 5.503 
0.095 to 1.803 

 

 

Histograms were created for each measured variable for which the null hypothesis 

could be rejected and were used to examine the degree of distribution skewness; the 

histograms are presented in Appendix Eight. Note that a conservative approach was 

applied to undertaking data transformations such that variables found to have a slight 

degree of skewness were not transformed. Refer to section 3.4.3. Data 

Transformations, for an outline of the data transformations which were undertaken for 

the measured variables found to have a moderate to substantial degree of skewness.  

 

Two histograms for the measured variable, WOMBAT Score (see Figure 1, Appendix 

Eight), showed that WOMBAT scores were slightly negatively skewed toward higher 

scores for the low cognitive load condition and thus, the variable WOMBAT Score was 

not transformed. Similarly, histograms revealed that Raven scores were slightly 

negatively skewed toward higher scores for the low cognitive load condition (see 

Figure 2, Appendix Eight) and thus, the variable Raven Score was not transformed. 

Histograms showed that the measured variable, Training Time, had a moderate 

positive skew toward faster training times for the high cognitive load condition; which 
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required normalisation (see Figure 3, Appendix Eight) and the variable, Number of 

Practice Attempts, had a moderate negative skew toward fewer training attempts for 

the high cognitive load condition; which required normalisation (see Figure 4, 

Appendix Eight).  

 

Two histograms revealed that the measured variable, Objectives Completed (1), was 

slightly positively skewed toward fewer objectives completed in the high cognitive load 

condition (see Figure 5, Appendix Eight) and thus, no data transformations were 

undertaken with this variable. Histograms revealed that the measured variable, Fire 

Fighting Duration (1), had a moderate positive skew toward a shorter duration of 

successful fire fighting in the low cognitive load condition; which required 

normalisation (see Figure 7, Appendix Eight). Two histograms revealed that the 

measured variable, Fire Fighting Duration (2), had a substantial positive skew for the 

two levels of the manipulated variable; which required normalisation (see Figure 8, 

Appendix Eight).  

 

3.4.2. Univariate Outliers  
 
An outlier is an extreme value on one (univariate outlier) or more variables 

(multivariate outlier) which distort the distribution of values in a data set and can lead 

to the production of unreliable parametric estimates (Tabachnick & Fidel, 1996). 

Because analysis of covariance was planned with grouped data, outliers were 

investigated separately for the two levels of the manipulated variable. The process of 

identifying univariate outliers was undertaken according to Tabachnick and Fidel’s 

(1996) recommendation that z-Scores are inspected for cases with standardised scores 

greater than 3.29 (p<.001, two tailed test).  

 

Two measured variables identified to have a univariate outlier. Case 27 and Case 49 

produced outlying scores on the variables, Number of Practice Attempts, and Fire 

Fighting Duration (2), respectively. The outlying data value (22) and associated z-score 

(3.555) for Case 27 indicated that Case 27 (high cognitive load condition) required an 

unusually large number of practice attempts; which represented a low level of 
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performance. Conversely, the outlying data value (49) and associated z-score (5.16) for 

Case 49 (high cognitive load condition) indicated that Case 49 achieved an unusually 

long duration of successful fire fighting during test phase attempt (2); which 

represented a high level of performance. 

 

3.4.3. Data Transformations  
 
In accordance with Tabachnick and Fidell’s (1996) recommendations, data 

transformations were undertaken to reduce the influence of univariate outliers and 

skewness prior to investigating multivariate outliers. Data transformations were 

undertaken for the following measured variables: Electronic Gaming Experience, 

Training Time, Number of Practice Attempts and Fire Fighting Duration (2). Table 5 

presents the results of normality assessments for each measured variable after data 

transformations were undertaken.  

 

The variable Electronic Gaming Experience was transformed from a continuous 

variable to a categorical variable in response to the bivariate distribution of 

participants’ estimated gaming experience. Tests of normality showed that the 

variable Training Time had a substantial positive skew, which was normalised with a 

log10 statistical transformation. The statistics presented in Table 5 and histograms 

presented in Figure 8 show that following transformation, the null hypothesis could 

not be rejected for the variable Training Time for the two levels of the manipulated 

variable.  
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Table 5  
 
Post-transformation Skewness Values and 95% Confidence Intervals  

Measured Variable  Manipulated 
Variable 

Skewness 
value 

Std. 
Error 

95% Confidence 
Interval  

Training time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                              

0.592 
0.227 

.414 

.421 
-0.236 to 1.420. 
-0.615 to 1.069. 

Number of Practice Attempts Level 1 (high) 
Level 2 (low)                                                                                                                               

0.884 
-0.483 

.414 

.421 
0.56 to 1.712 
-0.359 to 1.325 

Fire Fighting Duration (1) Level 1 (high) 
Level 2 (low)                                                                                                                               

0.675 
0.957 

.414 

.421 
-0.149 to 1.503 
0.115 to 1.799 

Fire Fighting Duration (2) Level 1 (high) 
Level 2 (low)                                                                                                                                

1.160 
0.876 

.414 

.421 
0.332 to 1.988 
0.34 to 1.718 

 
 
 
 

 

  
 

Figure 8. Frequency distribution for the measured variable, Training Time, for the two 

levels of the manipulated variable, after statistical transformation.   

 

The 95% Confidence Intervals presented in Table 4 showed that the variable Number 

of Practice Attempts had a moderate positive skew toward higher scores in the high 

cognitive load condition and investigation of univariate outliers indicated that Case 27 

was an outlier for the high cognitive load condition. Examination of Case 27 indicated 

that the large number of practice attempts that Case 27 required during the practice 

phase was unusual at an individual and group level, because Case 27 produced scores 

for all other measured variables within the expected range. Therefore, Case 27 was 

concluded to be a true univariate outlier. Case 27 was adjusted to the next largest data 
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score (Case 11, data value 18) to reduce the influence of Case 27’s score on the 

distribution. Further statistical assessment of normality and univariate outliers 

indicated that the high cognitive load condition remained moderately positively 

skewed but no further univariate outliers were identified. Thus, the distribution of the 

variable Number of Practice Attempts was normalised with a square root statistical 

transformation. After transformation, the results of tests of normality (see Table 5) 

and examination of histograms (see Figure 9) showed that the variable Number of 

Practice Attempts remained slightly positively skewed for the high cognitive load 

condition with no univariate outliers; thus, no further data transformations were 

conducted.    

 
 
 

 

 

 
 

Figure 9. Frequency distribution for the measured variable, Number of Practice 

Attempts, for the two levels of the manipulated variable, after statistical 

transformation. 

 
 

The results presented in Table 4 showed that the variable, Fire Fighting Duration (1), 

was moderately positively skewed for the low cognitive load condition. The 

distribution of the Fire Fighting Duration (1) data set was normalised with a square 

root statistical transformation. After transformation, results of tests of normality (see 

Table 5) and examination of histograms (see Figure 10) indicated that the variable Fire 

Fighting Duration (1) was slightly positively skewed for the low cognitive load condition 

with no univariate outliers; thus, no further data transformations were conducted.    
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Figure 10. Frequency distribution for the variable Fire Fighting Duration (1), for the two 

levels of the manipulated variable, after statistical transformation. 

 

 

The results of the normality tests presented in Table 4 showed that the variable, Fire 

Fighting Duration (2), had a moderate positive skew for the high cognitive load 

condition and investigation of univariate outliers indicated that Case 49 was an 

extreme outlier for the high cognitive load condition. Examination of the scores Case 

49 produced indicated that the length of time Case 49 managed to sustain successful 

fire fighting was unusually long compared to other participants during test phase 

attempt (2). Furthermore, examination of Case 49’s WOMBAT Score, Raven Score and 

score for Objectives Completed (1) and (2) indicated that Case 49 performed at a 

consistently high level.  

 

Thus, it was deemed important to maintain Case 49’s rank position within the data set 

while reducing the influence of the score Case 49 produced on the distribution of 

scores for the variable Fire Fighting Duration (2). Therefore, Case 49’s score was 

changed to the next highest score (Case 33, data value 1108) however, Case 49 

remained an outlier and Case 33 became an outlier. So both Case 49 and Case 33 were 

changed to the next highest score (Case 17, data value 772) and the distribution was 

normalised with a log10 statistical transformation. After transformation, results of tests 

of normality (see Table 5) and examination of histograms (see Figure 11) indicated that 
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the variable Fire Fighting Duration (2) was slightly positively skewed for the high 

cognitive load condition with no univariate outliers; therefore, no further data 

transformations were conducted.    

 

  
 
Figure 11. Frequency distribution for the variable, Fire Fighting Duration (2), for the 

two levels of the manipulated variable, after statistical transformation.   

 

3.4.4. Multivariate Outliers  
 
Multivariate outliers were identified with Mahalanobis Distance as recommended by 

Pallant (2005); Mahalanobis Distance was tested in SPSS with eight measured 

variables: WOMBAT Score, Raven Score, Training Time, Number of Practice Attempts, 

Practice Phase Performance, Objectives Completed (1), Fire Fighting Duration (1) and 

Fire Fighting Duration (2). The maximum Mahalanobis Distance value was investigated 

for significance by comparing it to a critical value from a chi-square table, with the 

number of measured variables as the degrees of freedom. The alpha used was .001. 

Multivariate outliers were investigated for the two levels of the manipulated variable. 

For the eight measured variables listed above, the maximum Mahalanobis Distance 

value was 18.92 for level one of the manipulated variable and 17.06 for level two of 

the manipulated variable, the critical Chi Squared value used to assess significance was 

26.13 with 8 degrees of freedom. Thus, no multivariate outliers were indicated by the 

Mahalanobis distance output as the significance value was larger than the maximum 

Mahalanobis Distance for each level of the manipulated variable.  
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3.4.5. Homogeneity of Variance   
 
Homogeneity of variance was investigated for the two levels of the manipulated 

variable using Levene’s Test for Equality of Variances for each measured variable. The 

null hypothesis assumed equal variance for each measured variable for each level of 

the manipulated variable. The Levene’s p-value’s presented in Table 6 show that the 

null hypothesis could not be rejected for the following variables: WOMBAT Score, 

Raven Score, Training Time, Objectives Completed (1), Fire Fighting Duration (1) and 

Fire Fighting Duration (2). 

 

Table 6 
 
P-values for Levene’s Test for Equality of Variances for the two levels of the 
Manipulated Variable  

Measured Variables  Levene’s p-value Equal Variance Assumed  

WOMBAT Score .355 Yes 
Raven Score .290 Yes 
Training Time  .403 Yes 
Number of Practice Attempts .000 No 
Practice Phase Performance .012 No 
Objectives Completed (1) .327 Yes 
Fire Fighting Duration (1) .115 Yes 
Fire Fighting Duration (2) .542 Yes 

 
 

The results presented in Table 6 show that the null hypothesis could be rejected for 

the measured variables, Number of Practice Attempts and Practice Phase 

Performance, which indicated that these two variables may have had unequal variance 

for the two levels of the manipulated variable. Repeated measures analysis of 

covariance was planned with the variable Practice Phase Performance, thus statistical 

procedures were undertaken to achieve the assumption of homogeneity of variance. 

The histograms presented in Figure 12 show that mean data imputation for missing 

data had resulted in a peaked distribution for the variable Practice Phase Performance 

for the high cognitive load condition.   
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Figure 12. Frequency distribution for the variable, Practice Phase Performance, for the 

two levels of the manipulated variable.    

 

The distribution of the variable Practice Phase Performance was normalised with a 

square root statistical transformation. After transformation, Levene’s Test for Equality 

of Variances (Levene’s p-value = .450) and examination of histograms (see Figure 13) 

showed that the null hypothesis of equal variance could no longer be rejected for the 

variable Practice phase Performance; thus, no further data transformations were 

conducted. Because analysis of covariance was not planned for the measured variable 

Number of Practice Attempts, data transformations were not undertaken achieve the 

assumption of homogeneity of variance with this variable. 
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Figure 13. Frequency distribution for the variable, Practice Phase Performance, for the 

two levels of the manipulated variable, after statistical transformations.    

 
 

3.4.6. Linearity   
 

Another assumption required for the analysis of covariance is that there is a linear 

relationship between each measure of test phase performance and each covariate, for 

the two levels of the manipulated variable (Tabachnick & Fidell, 1996). Breach of this 

assumption could result in biased statistical estimates due to uncontrolled variable 

interactions. Linearity was investigated through the examination of scatterplots for 

each pairing between the measured variables and the two continuous covariates (i.e., 

WOMBAT Score and Raven Score) for each level of the manipulated variable; the 

scatterplot distributions are presented in Appendix Nine. The measured variable, 

Electronic Gaming Experience, was designed to be a continuous variable, but it was 

found to have a bivariate distribution and was subsequently transformed into a 

categorical variable. Thus, the variable Electronic Gaming Experience was not assessed 

for a linear relationship with each measured variable. The scatterplot distributions 

presented in Appendix Nine indicated that all pairings between the measured variables 

and each covariate followed a linear relationship for the two levels of the manipulated 

variable.  
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3.4.7 Relationship between Covariates  
 

Tabachnick and Fidel (1996) recommend that for analysis of covariance, optimally, 

covariates should correlate more strongly with test phase performance than each 

other so that they account for a reasonable proportion of unique variance in the 

variable of interest. Three covariates were used in this study: WOMBAT Score, Raven 

Score and Electronic Gaming Experience. The relationship between each covariate and 

between each covariate and the variable Practice Phase Performance and the two 

measures of the variable of interest (e.g., Objectives Completed (1)) was investigated 

using the Pearson r product-moment correlation coefficient (see Table 7 and 8, 

respectively).   

 
 
Table 7 
 
Pearson r Correlation Coefficients for the Relationship between the three Covariates  

Covariate  Electronic Gaming 

Experience 

WOMBAT Score Raven Score 

Electronic 

Gaming 

Experience 

Pearson Correlation 1 .244 .070 

Sig. (2-tailed)  .054 .585 

N 63 63 63 

WOMBAT 

score 

Pearson Correlation .244 1 .462** 

Sig. (2-tailed) .054  .000 

N 63 63 63 

Raven 

score 

Pearson Correlation .070 .462** 1 

Sig. (2-tailed) .585 .000  

N 63 63 63 
**. Correlation is significant at the 0.01 level (2-tailed). 

 
 
The Pearson r Correlation Coefficients presented in Table 7 show that no covariate was 

related to another covariate more strongly than a medium-sized positive correlation (r 

= .462) which indicated that each covariate accounted for a reasonable proportion of 

unique variance in general performance ability. It can be seen from the coefficients 

presented in Table 8, that all covariates shared a small to medium positive relationship 

with the variable Practice Phase Performance and each measure of test phase 

performance. Thus, it was deemed that the addition of covariates to an analysis of 

variance would increase the statistical ability to detect a significant effect of the 
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manipulated variable, particularly for the variable Fire Fighting Duration (2) which 

shared a significant medium-sized correlation with all three covariates.  

 
 
Table 8 
  
Pearson r Correlation Coefficients for the relationship between each Covariate and 
Practice Phase Performance and Measure of the Variable of Interest 

Covariate Practice 

Phase 

Performance 

Objectives 

Completed 

(1) 

Fire Fighting 

Duration (1) 

Fire Fighting 

Duration (2) 

Electronic 

Gaming 

Experience 

Pearson 

Correlation 

.425** .166 .073 .424** 

Sig. (2-tailed) .001 .192 .569 .001 

N 63 63 63 63 

WOMBAT 

score 

Pearson 

Correlation 

.193 .333** .149 .442** 

Sig. (2-tailed) .129 .008 .243 .000 

N 63 63 63 63 

Raven 

score 

Pearson 

Correlation 

.150 .153 .247 .396** 

Sig. (2-tailed) .241 .232 .051 .001 

N 63 63 63 63 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

3.4.8. Homogeneity of Regression Slopes  
 
Homogeneity of regression slopes is another assumption required for analysis of 

covariance, which if violated would indicate that there may be an interaction between 

a covariate and the manipulated variable (Tabachnick & Fidel, 1996). The null 

hypothesis was that the regression slope for the pairing between each covariate and 

each measured variable is the same for the two levels of the manipulated variable. 

Homogeneity of regression slopes was investigated statistically with a General Linear 

Model by checking for a significant interaction (alpha level .05) between each 

covariate and the variable Practice Phase Performance and the two measures of test 

phase performance (e.g., Objectives Completed (1)), for the two levels of the 

manipulated variable (Pallant, 2005). Table 11 presents the p-values for the size of the 
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interaction for the regression slopes; which indicated that the null hypothesis could 

not be rejected for any pairing between the three covariates and the variable Practice 

Phase Performance and the two measures of test phase performance, for the two 

levels of the manipulated variable.   

   

 

Table 9  
 
P-values for the Interaction of the Regression Slopes between each Covariate and the 
measured variable Practice Phase Performance and the two measures of Test Phase 
Performance, for each level of the Manipulated Variable   

Covariate  Measured Variable  p- value 

WOMBAT Score Practice Phase Performance .608 
 Objectives Completed (1) .468 
 Fire Fighting Duration (1) .672 
 Fire Fighting Duration (2) 

 
.523 

Raven Score Practice Phase Performance .964 
 Objectives Completed (1) .955 
 Fire Fighting Duration (1) .089 
 Fire Fighting Duration (2) .363 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

 
 

3.5 Research Question Answered   
 

3.5.1. Overview  
 
The following section presents the results of analysis of covariance to answer the 

research question formulated in Chapter One – section 1.4 Present Study. The primary 

research question investigated in this study is whether participants’ performance will 

differ between the practice phase and the test phase as a function of cognitive load 

when cognitive ability and electronic gaming experience are controlled using covariate 

analysis? Thus, the primary parametric analysis conducted was a repeated measures 

analysis of covariance to investigate the relationship between task cognitive load and 

the transfer of DDM performance according to cognitive ability; where cognitive load 

during the practice phase was the manipulated variable, performance during the test 
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phase was the variable of interest and cognitive ability and electronic gaming 

experience were used as covariates.  

 

Measured variables in the following analyses were: electronic gaming experience, two 

measures of cognitive ability (WOMBAT Score and Raven Score), one measure of 

training phase performance (Training Time), two measures of practice phase 

performance (Number of Practice Attempts and Practice Phase Performance), and two 

measures of test phase performance (Objectives Completed and Fire Fighting 

Duration) which were measured twice with two test phase attempts (i.e., (1) and (2)). 

Preliminary checks were conducted to ensure that there was no violation of the 

assumptions of normality, homogeneity of variance, linearity, the relationship between 

covariates and homogeneity of the regression slopes for the measured variables. 

Where statistical violations were identified, data transformations were undertaken to 

achieve the statistical assumptions required. In the case of ANCOVA computations, 

unequal sample size was adjusted using the SPSS default procedure recommended by 

Tabachnick and Fidell (1996).   

 

In the following section, unless otherwise stated, all results of statistical analyses were 

generated using variables with mean data imputations for missing data. Note that for 

all analyses, due to the high proportion of missing data for the measured variable, 

Objectives Completed (2), this variable was analysed with cases with missing data 

excluded from analysis for the entire data set (see Appendix Thirteen) and not data 

imputations.  

 

3.5.2. Checks for Preliminary Between-Group Differences  
 

Before analysis of covariance was conducted, the two levels of the manipulated 

variable (low and high) needed to be compared for a similar level of performance on 

the two measures of cognitive ability and performance during the training phase. A 

significant between-group difference in cognitive ability would suggest that one group 

of participants may have performed differently during the test phase due to a 

difference in cognitive ability rather than the manipulated variable. Similarly, a 
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significant between-group difference in performance during the training phase would 

suggest that one group of participants may have differed in some quality that enabled 

them to perform better on the FD3 game irrespective of the manipulated variable.   

 
Three separate independent-samples t-tests were conducted for the measured 

variables WOMBAT Score, Raven Score and Training Time, with task cognitive load 

entered as the between-subjects factor. Results indicated that there was no significant 

difference between the two levels of the manipulated variable for WOMBAT Score [t(1, 

61)=1.398, p=.167], Raven Score [t(1, 61)=.463, p=.645] or Training Time [t(1, 61)=-

.051, p=.960]. The descriptive statistics for each measured variable for the two levels 

of the manipulated variable are presented in Appendix Ten. All descriptive statistics 

were derived from raw (non-transformed) data.  

 

Because the reimbursement schedule differed for participants 1-31 and 32-63 in 

regard to the schedule of incentive payments was used with the Raven test. It was 

important to check that difference in reimbursement schedule did not effect 

participants’ performance on the Raven test. An independent-samples t-test was 

conducted for the variable Raven score with the different reimbursement schedules 

entered as the grouping variable. Results indicated that there was no significant 

difference between the two levels of the reimbursement schedule for the variable 

Raven Score [t(1, 61)=-.948, p=.329]. 

 

A further assumption which had to be checked before analysis of covariance was 

conducted was that participants in the high cognitive load condition required 

significantly more practice phase attempts than participants in the low cognitive load 

condition. This assumption was required to ensure that the high cognitive load 

condition did exert a detrimental effect on FD3 game performance. An independent-

samples t-test was conducted for the variable Number of Practice Attempts with task 

cognitive load entered as the between-subjects factor. Results indicated that there was 

a significant difference between the two levels of the manipulated variable for the 

variable Number of Practice Attempts [t(1, 61)=10.47, p=.0001], with participants in 

the high cognitive load condition requiring more practice attempts (M = 9.75, SD = 
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3.44) than participants in the low cognitive load condition (M = 4.16, SD = 1.00); or in 

other words, participants in the high cognitive load condition allowed excessive 

casualties to the point of the FD3 programme quitting more often than participants in 

the low cognitive load condition.  

 
  

3.5.3. Main Effect of Task Cognitive Load 
 
Did participants who practiced under low cognitive load outperform participants that 

practiced under high cognitive load during the practice phase and the test phase? To 

answer this question, four separate independent-sample t-tests were conducted for 

each measure of test phase performance for attempt (1) and (2), with cognitive load 

(low and high) entered as the between-subjects factor.  

 

Results indicated a significant difference between the conditions of cognitive load for 

Objectives Completed (1) [t(1, 61)=2.065, p=.043], with participants who practiced 

under high cognitive load, completing more objectives (M = 3.15, S.D = 2.80) than 

participants who practiced under low cognitive load (M = 2.00, S.D = 2.04). As can be 

seen from the bar graphs presented in Figures 14 and 15, there was also a non-

significant trend toward better performance for the high cognitive load condition for 

Objectives Completed (2) [t(1, 61)=1.7, p=.095] and Fire Fighting Duration (1) [t(1, 

61)=1.493, p=.141] and (2) [t(1, 61)=0.817, p=.417]. These findings indicate that during 

the test phase participants who practiced under high cognitive load outperformed 

participants that practiced under low cognitive load.  
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 = significant difference 

 
Figure 14. Mean number of campaign objectives participants completed during test 

phase attempt (1) and (2), for the two levels of the manipulated variable.  

 

 
 

Figure 15. Mean duration of successful fire fighting participants accomplished during 

test phase attempt (1) and (2), for the two levels of the manipulated variable.  
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3.5.4. Main Effect of Electronic Gaming Experience 
 

Did participants with recent electronic gaming experience perform better during the 

test phase than participants without electronic gaming experience? To answer this 

question, four separate independent-sample t-tests were conducted with each 

measure of test phase performance for attempt (1) and (2), with electronic gaming 

experience (with and without) entered as a between-subjects factor.  

 

Results indicated a significant difference between the levels of electronic gaming 

experience for Objectives Completed (2) [t(1, 46)= -3.558, p=.001] and Fire Fighting 

Duration (2) [t(1, 61)= -3.655, p=.001]; participants with electronic gaming experience 

completed more objectives (M = 7.58, S.D = .934) and achieved a longer duration of 

successful fire fighting (M = 503.15, SD = 52.26) than participants without recent 

gaming experience; who completed fewer objectives (M = 3.85, S.D = .446) and 

achieved a shorter duration of fire fighting (M = 353.58, SD = 12.61). As can be seen 

from the bar graphs presented in Figures 16 and 17, there was also a non-significant 

trend toward better performance for participants with electronic gaming experience 

for Objectives Completed (1) [t(1, 61)= -1.318, p=.192] and Fire Fighting Duration (1) 

[t(1, 61)= -0.284, p=.778].  

 

These findings indicate that participants with recent electronic gaming experience 

performed significantly better than participants without electronic gaming experience 

during the second test phase; with a similar but non-significant pattern evident for the 

first test phase.  
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 = significant difference 

 

Figure 16. Mean number of campaign objectives participants completed during test 

phase attempt (1) and (2), for the two levels of electronic gaming experience. 

 

 
 = significant difference 

 
Figure 17. Mean duration of successful fire fighting participants accomplished during 

test phase attempt (1) and (2), for the two levels of electronic gaming experience. 
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3.5.5. Main Effect of Task Cognitive Load adjusting for Cognitive Ability  
 

Did participants who practiced under high cognitive load outperform participants that 

practiced under low cognitive load during the test phase, after adjusting for their 

cognitive ability? Cognitive ability was measured with the WOMBAT test and Raven 

test. To answer this question, four separate univariate ANCOVAs were conducted for 

each measure of test phase performance, with cognitive load (low and high) entered 

as a between-subjects factor and WOMBAT Score and Raven Score entered as 

covariates. The complete sets of p-values are presented in Table 1, Appendix Eleven; 

Table 9 presents the p-values for the main effects of WOMBAT Score and Raven Score.    

 

The results presented in Table 10 indicated a main effect of WOMBAT Score for 

Objectives Completed (1) [F(1, 59)=4.643, p=.035] and Fire Fighting Duration (2) [F(1, 

59)=6.233, p=.015]. There were no significant effects for Raven Score. These findings 

indicate that WOMBAT Score was a more useful covariate for adjusting for the 

variance in performance between the conditions of cognitive load than Raven Score. 

Therefore, WOMBAT Score was retained as a covariate in subsequent analyses.  

 

 

Table 10 

 

Effect of WOMBAT Score and Raven Score  

Measured 
Variable 

Test Phase 
Attempt 

Covariate DF F P Partial Eta 
Squared 

Objectives 
Completed 

(1) WOMBAT Score 1, 59 4.643 .035* .073 

(2) 1, 48 0.033 .856 .001 

(1) Raven Score 1, 59 0.001 .974 .000 

(2) 1, 48 0.994 .324 .020 

Fire 
Fighting 
Duration 

(1) WOMBAT Score 1, 59 0.015 .902 .000 

(2) 1, 59 6.233 .015* .096 

(1) Raven Score 1, 59 2.672 .107 .043 

(2) 1, 59 3.685 .060 .059 
*. Correlation is significant at the 0.05 level. 
**. Correlation is significant at the 0.01 level. 
 

 
Further results indicated that after adjusting for participants’ WOMBAT Score and 

Raven Score, there was a non-significant difference between the conditions of 
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cognitive load for test phase performance; for Objectives Completed (1) [F(1, 59)=2.78, 

p=.101] and Objectives Completed (2) [F(1, 48)= 2.312, p=.135] and Fire Fighting 

Duration (1) [F(1, 59)=1.296, p=.260] and Fire Fighting Duration (2) [F(1, 48)= .080, 

p=.778]. These findings indicate that although participant’s test phase performance 

was found to differ for the conditions of cognitive load (as measured by objectives 

completed), when participants cognitive ability was adjusted for, test phase 

performance was not significantly related to cognitive load.      

 

3.5.6. Main Effect of Task Cognitive Load adjusting for Cognitive Ability and Electronic 
Gaming Experience    
  
Did participants who practiced under high cognitive load outperform participants that 

practiced under low cognitive load during the test phase, after adjusting for their 

cognitive ability and Electronic Gaming Experience? To answer this question, four 

separate univariate ANCOVAs were conducted for each measure of test phase 

performance, with cognitive load (low and high) entered as a between-subjects factor 

and WOMBAT Score and Electronic Gaming Experience entered as covariates. Raven 

Score was not retained as a covariate because Raven Score was not found to have a 

main effect for task cognitive load. The complete sets of p-values are presented in 

Table 2, Appendix Eleven; Table 11 presents the p-values for the main effects of 

WOMBAT Score and Electronic Gaming Experience.  

 

The results presented in Table 11 indicated a main effect of WOMBAT Score for 

Objectives Completed (1) [F(1, 59)=4.703, p=.034] and Fire Fighting Duration (2) [F(1, 

59)=6.233, p=.004], and a main effect of Electronic Gaming Experience for Fire Fighting 

Duration (2) [F(1, 59)=9.111, p=.004]. These findings confirm that WOMBAT Score and 

Electronic Gaming Experience were useful covariates for adjusting for the variance in 

performance between the conditions of cognitive load.  
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Table 11  
 
Effect of WOMBAT Score and Electronic Gaming Experience  

Measured 
Variable 

Covariate Test Phase 
Attempt 

DF F    P Partial Eta 
Squared 

Objectives 
Completed 

WOMBAT Score (1) 1, 59 4.703 .034* .074 

(2) 1, 48 0.483 .490 .010 

Electronic Gaming 
Experience 

      (1) 1, 59 0.702 .406 .012 

      (2) 1, 48 0.104 .749 .002 

Fire 
Fighting 
Duration 

WOMBAT Score (1) 1, 59 0.710 .403 .012 

(2) 1, 59 9.494 .003** .139 

Electronic Gaming 
Experience 

      (1) 1, 59 0.131 .719 .002 

      (2) 1, 59 9.111 .004** .134 
*. Correlation is significant at the 0.05 level. 
**. Correlation is significant at the 0.01 level. 

 

 

Further results indicated that after adjusting for participants’ WOMBAT Score and 

Electronic Gaming Experience, there was a non-significant difference between the 

conditions of cognitive load for test phase performance; for Objectives Completed (1) 

[F(1, 59)=2.975, p=.090] and Objectives Completed (2) [F(1, 48)= 2.295, p=.136], and 

Fire Fighting Duration (1) [F(1, 59)=1.197, p=.278] and Fire Fighting Duration (2) [F(1, 

59)= .180, p=.673]. These findings again indicate that although participants’ test phase 

performance was found to differ for the conditions of cognitive load, when the 

variance in WOMBAT Score and Electronic Gaming Experience was adjusted for, test 

phase performance was not found to be significantly related to the level of cognitive 

load during the practice phase.      

 

The above results indicated that neither WOMBAT Score nor Electronic Gaming 

Experience was significantly related to the number of objectives participants 

completed during test phase attempt (2) or Fire Fighting Duration (1), which suggested 

that a considerable portion of variance in participants’ performance was unaccounted 

for by WOMBAT Score and Electronic Gaming Experience alone. A further portion of 

the variance is expected to be accounted for by the relationship between practice 

phase performance and test phase performance.  
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3.5.7. Interaction Effect for Phase and Cognitive Load  
 
Did participants’ performance differ from the practice phase to the test phase, and if 

so, did performance differ as a function of cognitive load? To answer this question, two 

full factorial repeated-measures ANOVAs were conducted using the number of 

objectives participants completed per FD3 game attempt as the measure of practice 

phase performance and test phase performance. Test phase attempt (1) and (2) were 

analysed separately because the variable Objectives Completed (1) included mean 

value data imputations for missing data and the variable Objectives Completed (2) 

excluded cases with missing data; unequal sample size was adjusted using the SPSS 

default procedure recommended by Tabachnick and Fidell (1996). In the ANOVA 

model, Phase (practice and test) was entered as a within-subjects factor and cognitive 

load (low and high) was entered as a between-subjects factor. Wilks' criterion values 

were examined for statistical significance (Pallant, 2005).  

 

An independent-sample t-test was also conducted to test for a significant main effect 

of cognitive load on practice phase performance; the measured variable was Practice 

Phase Performance and cognitive load (low and high) was entered as a between-

subjects factor. Results indicated that there was a significant difference in the average 

number of objectives completed during the practice phase between the levels of 

cognitive load for [t(1, 61)= -4.290, p<.0001]. The bar graph presented in Figure 18 

shows that participants in the low cognitive load condition completed significantly 

more fire fighting objectives (M = 5.82, SD = 2.5) than participants in the high cognitive 

load condition (M = 3.43, SD = 2).   

 



83 

 

 
 = significant difference 

 
Figure 18. Mean number of objectives completed in each phase as a function of task 

cognitive load.   

 

 

The results from the two full factorial repeated-measures ANOVAs are presented in 

Table 10, and indicate a main effect of Phase for both test phase attempt (1) [Wilks' 

Lambda=.937, F(1, 61)= 4.082, p=.048] and (2) [Wilks' Lambda=.708, F(1, 45)= 18.517, 

p<.0001], with poorer performance recorded in the test phase. There was also a two-

way interaction of Phase x Cognitive Load for both test phase attempt (1) [Wilks' 

Lambda=.840, F(1, 61)= 11.654, p=.001] and (2) [Wilks' Lambda=.707, F(1, 45)= 18.681, 

p=.0001], which indicated that participants who practiced under high cognitive load 

transferred a higher level of performance from the practice phase to the test phase 

than participants who practised under low cognitive load, even though participants in 

the low cognitive load condition outperformed participants in the high cognitive load 

condition during the practice phase (see Figure 18).  
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Table 10  
 
Effect of Phase and Cognitive Load  

  Performance 

  DF F p Partial 
Eta 

Squared 

Test Phase  Within Subjects    

Attempt (1) Phase (practice, test) 1, 61   4.082 .048* .063 
 x Cognitive Load 

Condition 
1, 61 11.654 .001** .160 

  Between 
Subjects 

   

 Cognitive Load 
Condition 

1, 61 .821 .368 .013 

  Within 
Subjects 

   

Attempt (2) Phase (practice, test) 1, 45 18.517 .0001** .292 
 x Cognitive Load 

Condition 
1, 45 18.681 .0001** .293 

  Between 
Subjects 

   

 Cognitive Load 
Condition 

1, 45 3.779 .058 .077 

*. Correlation is significant at the 0.05 level. 
**. Correlation is significant at the 0.01 level. 
 
 

3.5.8. Interaction effect for Phase (i.e., practice and test) and Task Cognitive Load 
adjusting for Cognitive Ability   
 

Did the improvement in performance associated with practicing under high cognitive 

load remain statistically significant after adjusting for WOMBAT Score and Raven 

Score? To answer this question, two full factorial repeated-measures ANCOVAs were 

conducted using the number of objectives participants completed per FD3 game 

attempt as the measure of practice phase performance and test phase performance. 

Test phase attempt (1) and (2) were analysed separately and unequal sample size was 

adjusted using the SPSS default procedure (Tabachnick & Fidell, 1996). In the ANCOVA 

model, Phase (practice and test) was entered as a within-subjects factor, cognitive load 

(low and high) was entered as a between-subjects factor and the measured variables 

WOMBAT Score and Raven Score were entered as covariates. Wilks' criterion values 
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were examined for statistical significance (Pallant, 2005). The complete sets of p-values 

are presented in Table 1 Appendix Twelve.  

 

The results indicated a main effect of WOMBAT Score for Objectives Completed (1) 

[F(1, 57)=6.013, p=.017], and a main effect of cognitive load for Objectives Completed 

(2) [F(1, 41)=5.176, p=.028]. The main effect of Raven Score approached significance 

for Objectives Completed (2) [F(1, 41)=4.042, p=.051]. The results indicated that there 

were no significant two-way or three-way interaction effects (see Table 1, Appendix 

Twelve), although the interaction of Phase x WOMBAT Score approached significance 

for Objectives Completed (1) [Wilks' Lambda=.942, F(1, 57)=4.042, p=.067].  

 

Again, these findings indicate that the WOMBAT Score accounted for more variance in 

FD3 game performance than Raven Score. They also indicate that the superior transfer 

performance associated with practicing under high cognitive load was not convincingly 

identifiable after adjusting for cognitive ability.   

 
 

3.5.9. Interaction effect Phase (i.e., practice and test) and Task Cognitive Load 
adjusting for Cognitive Ability and Electronic Gaming Experience    
 

Did the improvement in performance associated with practicing under high cognitive 

load remain statistically significant after adjusting for cognitive ability and Electronic 

Gaming Experience? To answer this question, two full factorial repeated-measures 

ANCOVAs were conducted using the number of objectives participants completed per 

FD3 game attempt as the measure of practice phase performance and test phase 

performance. Test phase attempt (1) and (2) were analysed separately and unequal 

sample size was adjusted using the SPSS default procedure (Tabachnick & Fidell, 1996). 

In the ANCOVA model, Phase (practice and test) was entered as a within-subjects 

factor, cognitive load (low and high) was entered as a between-subjects factor and the 

measured variables WOMBAT Score and Electronic Gaming Experience were entered 

as covariates. Raven Score was not retained as a covariate because Raven Score was 

not found to have a main effect for task cognitive load. 
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Wilks' criterion values were examined for statistical significance (Pallant, 2005). The 

complete sets of p-values are presented in Table 2 Appendix Twelve. The mean 

number of objectives completed during the practice phase and test phase ((1) and (2)), 

according to the two levels of cognitive load and two levels of electronic gaming 

experience are presented in Figures 19 and 20, respectively.  

 

The results indicated a main effect of WOMBAT Score for Objectives Completed (1) 

[F(1, 57)=8.436, p=.005] and two two-way interactions: Phase x WOMBAT Score for 

Objectives Completed (1) [Wilks' Lambda=.897, F(1, 57)= 6.567, p=.013] and Phase x 

Electronic Gaming Experience for Objectives Completed (2) [Wilks' Lambda=.882, F(1, 

41)= 5.470, p=.024]. Results indicated a three-way interaction of Phase x Cognitive 

Load x Electronic Gaming Experience for Objectives Completed (1) [Wilks' Lambda=. 

928, F(1, 57)= 4.425, p=.040]. As can be seen from the bar graphs presented in Figure 

19, there was also a non-significant trend toward better performance for participants 

in the high cognitive load condition with electronic gaming experience for Objectives 

Completed (2) [Wilks' Lambda=. 997, F(1, 41)=.130, p=.720]. 

 

These findings indicate that transfer test performance varied according to cognitive 

load during the practice phase and whether or not participants had recent electronic 

gaming experience. Consistent with the bar graph presented in Figure 18, the bar 

graph presented in Figure 19 indicates that the FD3 performance for participants who 

practiced in the low cognitive load condition decreased markedly during the transfer 

test in comparison to participants in the high cognitive load condition, and 

furthermore, that the decrease in performance was greatest for participants with 

recent electronic gaming experience.  
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 = significant difference 

Figure 19. Mean number of objectives completed during the practice phase and test 

phase attempt (1) as a function of cognitive load, and by electronic gaming experience. 

 

Two independent-sample t-tests were also conducted to test for a significant main 

effect of cognitive load on practice phase performance for participants with electronic 

gaming experience and participants without electronic gaming experience. For each t-

test the measured variable was Practice Phase Performance and cognitive load (low 

and high) was entered as a between-subjects factor. Results of the first t-test indicated 

that there was a significant difference in the average number of objectives that 

participants with electronic gaming experience completed during the practice phase as 

a function of cognitive load [t(1, 26)= -3.532, p=.002]. The bar graph presented in 

Figure 19 shows that participants with electronic gaming experience completed 

significantly more fire fighting objectives in the low cognitive load condition (M = 7.4, 

SD = 2) than in the high cognitive load condition (M = 4.6, SD = 1.5) during the practice 

phase. 

 

Results of the second t-test indicated that there was a significant difference in the 

average number of objectives that participants without electronic gaming experience 

completed during the practice phase between the levels of cognitive load [t(1, 33)= -
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3.206, p=.003]. The bar graph presented in Figure 19 shows that participants without 

electronic gaming experience completed significantly more fire fighting objectives in 

the low cognitive load condition (M = 4.6, SD = 0.5) than in the high cognitive load 

condition (M = 2.6, SD = 1) during the practice phase.  

 

 
 = significant difference 

Figure 20. Mean number of objectives completed during the practice phase and test 

phase attempt (2) as a function of cognitive load, and by electronic gaming experience. 

 
The bar graph presented in Figure 20 suggests that by the second test attempt 

participants who practiced under high cognitive load may have overcome the 

detrimental effect of transferring to a new DDM environment and had achieved a level 

mean performance greater than during the practice phase, and this effect was evident 

for participants with and without recent gaming experience. By the second test, 

participants who practiced under low cognitive load had yet to attain the same mean 

level of performance as they achieved in the practice phase, and this effect was 

evident for participants with and without recent electronic gaming experience.   
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4. Discussion 
 

 

This study examined whether practicing a complex task under low cognitive load 

compared to high cognitive load would produce a greater degree of transfer, and 

whether this effect would be largest for participants with low cognitive ability or no 

recent gaming experience, compared to participants with high cognitive ability or 

recent gaming experience. The term transfer refers to the application of knowledge, 

skills and attitudes gained in training to the final operational environment (Roscoe & 

Williges, 1980). In the case of this laboratory study, the final operational environment 

reflected the use of a different FD3 fire fighting campaign in the test phase, to the FD3 

campaign used during practice.  

 

Based on previous findings, it was expected that only the performance of participants 

who practiced under low cognitive load would improve significantly from the practice 

phase to the test phase, and the degree of positive transfer would be largest for those 

with low cognitive ability or no recent gaming experience. It was also predicted that 

WOMBAT™ test scores would be more predictive of DDM performance than Raven 

test scores. 

 

As predicted, WOMBAT™ test scores were found to be more predictive of FD3 

simulation performance than Raven test scores. The WOMBAT™ test accounted for a 

significant portion of the variance in the overall number of fire fighting objectives 

participants completed during the first test phase and the overall duration of 

successful fire fighting participants achieved during the second test phase. WOMBAT™ 

test scores also accounted for a significant portion of the variance in transfer 

performance. Raven test scores did not significantly predict test phase performance or 

transfer performance.     

 

Contrary to expectation, the relationship between cognitive load and transfer 

performance was not significantly related to cognitive ability. Furthermore, the results 

showed that the mean performance of neither group improved significantly between 
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the practice phase and the test phase. Overall, compared to practicing under high 

cognitive load, practicing under low cognitive load was associated with better practice 

phase performance. However, compared to practicing under high cognitive load, 

practicing under low cognitive load was also associated with a significant reduction in 

performance on the first transfer test for participants with recent gaming experience, 

but not for participants without recent gaming experience. As expected, practicing 

under high cognitive load compared to low cognitive load was associated with 

significantly more practice attempts.  

 

The results from the second transfer test, although non-significant, were consistent 

with the results of the first transfer test; compared to practicing under high cognitive 

load, practicing under low cognitive load was associated with a reduction in transfer 

performance. Furthermore, compared to practicing under low cognitive load, 

practicing under high cognitive load was associated with improved performance 

between the practice phase and the second test phase, with a trend toward greater 

improvement for participants with recent gaming experience than participants without 

recent gaming experience (see Results section, Figure 20).  

 

The results of this study suggest that the expertise reversal effect found with static 

tasks may also occur with DDM tasks. The expertise reversal effect predicts that task 

performance will reverse between training and transfer testing as a function of 

different training conditions for groups with different abilities or levels of expertise 

(Kalyuga & Hanham, 2011). The expertise reversal effect has been demonstrated with 

static tasks (e.g., mathematics) by comparing the performance of novices and experts 

(or participants with different degrees of task experience) using different instructional 

methods. For example, Ayres (2006) found that compared to students rated as below 

average in algebra ability, students rated as above average in algebra ability made less 

errors during training with part-task instruction but relatively more errors during a 

subsequent test phase using whole-tasks. For students rated as below average in 

algebra ability, training with part-task instruction was beneficial for performance 

during the training phase and test phase.  
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In the present study, the expertise reversal effect occurred as a joint function of three 

independent factors: 1) electronic gaming experience, 2) task cognitive load, and 3) 

test phase (practice and test). It was found that compared to participants without 

recent gaming experience, participants with recent gaming experience performed 

better during the practice phase under low cognitive load, but they performed better 

during the test phase after practicing under high cognitive load. Thus, the pattern of 

task performance reversed between training and transfer testing as a function of 

cognitive load and gaming experience.    

 

In the present study, the expertise reversal effect during transfer testing seems to 

reflect the interaction between participants’ pre-existing knowledge about electronic 

gaming and the processing demands associated with different levels of cognitive load 

during training. Participants with recent gaming experience probably had more pre-

existing knowledge about operating electronic games in general than participants 

without recent gaming experience (Kalyuga et al., 2003). It is expected that specific 

knowledge and skills associated with the electronic gaming domain are likely to 

include, for example, knowledge of the advantage of using game maps to locate 

personnel, enemies, and objectives.  

 

The manipulation of cognitive load in the present study likely created two different 

levels of element interactivity. Element interactivity relates to the complexity of a task 

(i.e., the degree of variable interactions which affect task performance; Brehmer & 

DÖrner, 1993). Compared to a task with high element interactivity, a task with low 

element interactivity has a low level of connectedness between task elements, such 

that change in one element has only a slight or slowly evolving effect on the 

functioning of other task elements (e.g., changes in one element take a long time to 

affect other elements). Tasks with high element interactivity have highly interrelated 

elements which change rapidly due to fluctuations in one another (Paas & van 

Merriënboer, 1994).    

  

Compared to the high cognitive load condition, the low cognitive load condition 

probably had less element interactivity because the fire fighting conditions were less 
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intense. For example, an un-extinguished fire took much longer to spread and limit 

access to civilians in the low cognitive load condition than high cognitive load 

condition. In other words, the element, fire, was less connected to the element, 

civilian, in the low cognitive load condition than the high cognitive load condition. 

 

The level of cognitive load an operator experiences is related to the interaction 

between task characteristics like element interactivity and the characteristics of an 

operator (e.g., gaming experience). A given level of element interactivity may be very 

high for a novice but comparatively low for an expert (Kalyuga, 2010). Though it is 

likely that cognitive schemata are arranged hierarchically with multiple levels of 

specificity for different tasks and skills (Kalyuga et al., 2010), experienced individuals 

generally have more elaborate schemata (or knowledge) than less experienced 

individuals (Kalyuga et al., 2003). This enables experienced and expert individuals to 

manage element interactivity more effectively than novices. Cognitive schemata 

provide a framework for processing multiple task elements as single chunked units in 

working memory (Kalyuga et al., 2003). Without elaborate task related schemata, 

novices tend to process elements as single units (Paas & van Merriënboer, 1994). This 

means that for a given task, an experienced or expert operator experiences less 

relative element interactivity and working memory load than a novice (Kalyuga et al., 

2003).  

 

It has been empirically demonstrated that compared to low element interactivity, high 

element interactivity is associated with slower skill acquisition but better transfer 

performance (see de Croock et al., 1998). According to Cognitive Load Theory (CLT; 

Paas & van Merriënboer, 1994), this is because compared to low element interactivity, 

high element interactivity facilitates the formation of more complex schemata 

regarding the underlying structure of a task. Knowledge of the underlying structure of 

a task enables better transfer performance to a range of settings within the 

parameters of an operational environment (de CroocK et al., 1998).  

 

In sum, the level of perceived element interactivity is linked to an operators’ level of 

task related knowledge, and low perceived element interactivity is associated with 
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faster skill acquisition but poorer transfer performance. Applied to the present study, 

this means that the level of element interactivity during the practise phase should 

have been lowest for participants in the low cognitive load condition with recent 

gaming experience. In line with CLT, it was found that practicing under low cognitive 

load was associated with a significant reduction in performance during the first 

transfer test for participants with recent gaming experience, but not for participants 

without recent gaming experience.   

 

Furthermore, the level of element interactivity should have been highest for 

participants in the high cognitive load condition without recent gaming experience. In 

line with CLT, there was a trend (although non-significant) toward better transfer 

performance for participants without recent gaming experience in the high cognitive 

load condition than participants without recent gaming experience in the low cognitive 

load condition (see Results Section, Figure 19). The size of the difference in transfer 

performance associated with practicing under high cognitive load compared to low 

cognitive load may have been limited for participants without recent gaming 

experience due to working memory overload (Paas & van Merriënboer, 1994; Kalyuga 

et al., 2003).     

 

Conceivably, without pre-existing knowledge about operating electronic games, 

participants without recent gaming experience in the high cognitive load condition 

may have experienced a high level of intrinsic and germane load which overloaded 

working memory (Paas & van Merriënboer, 1994; Kalyuga et al., 2003). During the 

practice phase, participants without recent gaming experience in the high cognitive 

load condition completed only 2.6 fire fighting objectives on average per simulation 

attempt. This suggests that the processing capacity of participants in the high load 

condition without recent gaming experience was exceeded during practice, at least in 

terms of being unable to process sufficient information to avoid frequent civilian loses 

and injuries to personnel.  

  

It is important to note, that according to CLT, high element interactivity is only 

associated with increased learning within the bounds of working memory (Paas & van 
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Merriënboer, 1994; Kalyuga et al., 2003). When the processing limits of working 

memory are reached, learning is likely to be limited regardless of the form of 

processing being undertaken (i.e., extraneous, intrinsic or germane processing; Paas & 

van Merriënboer, 1994). If the working memory of participants in the high cognitive 

load condition without recent gaming experience was overloaded, then a significant 

reversal effect between the practice phase and test phase may have been found if less 

intense conditions of cognitive load were generated.  

 

In regard to the performance of participants with recent gaming experience, it is likely 

that knowledge about operating electronic games in general was more applicable to 

completing objectives in the low cognitive load condition than the high cognitive load 

condition (Kalyuga et al., 2003). This is because the element, fire, was less connected 

to the element, civilian, in the low cognitive load condition than the high cognitive load 

condition. For example, the degree of interaction between the spread of fire and 

civilian injuries in the low cognitive load condition was such that participants had 17 

more seconds to complete the first fire fighting objective during practice, compared to 

the high cognitive load condition.   

  

The lower level of element interactivity in the low cognitive load condition compared 

to the high cognitive load condition may have enabled participants with recent gaming 

experience in the low cognitive load condition to complete more FD3 objectives based 

on general knowledge about gaming, rather than information specific to the FD3 game. 

In other words, participants with recent gaming experience in the low cognitive load 

condition may have been able to rely on basic methods of game play to complete 

aspects of the FD3 objectives. For example, compared to participants in the high 

cognitive load condition, participants in the low cognitive load condition could often 

position an ambulance in one location and use personnel to carry injured civilians to 

the ambulance without causing excessive casualties.  

 

General knowledge about operating electronic games was probably not sufficient to 

complete FD3 objectives in the high cognitive load condition. The level of element 

interactivity was much higher in the high cognitive load condition than the low 
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cognitive load condition. Participants in the high load condition could not rely on 

positioning rescue appliances in one location and carrying injured civilians to them, as 

they would not have had time to rescue all the civilians. Therefore, it is likely that 

compared to participants in the low cognitive load condition, participants in the high 

cognitive load condition needed to engage in more detailed evaluation of specific 

information related to completing FD3 objectives in order to improve performance.  

 

According to CLT and Instance Based Learning Theory (IBLT; Gonzalez, Lerch & Lebiere, 

2003), engaging in detailed and repeated evaluation of information specific to 

completing FD3 objectives should have fostered the accumulation of greater 

knowledge about previous decision instances and decision outcomes in long-term 

memory (Gonzalez et al., 2003). This knowledge may have subsequently enabled 

participants with recent gaming experience who practiced under low cognitive load to 

recognise more familiar decision situations and respond faster during the test phase 

(Gonzalez & Brunstein, 2009) than participants with recent gaming experience who 

practiced under high cognitive load.  

 

Another explanation for the significant reduction in the transfer performance of 

participants with recent gaming experience after practicing under low cognitive load 

(compared to high cognitive load) is that, compared to participants without gaming 

experience, participants with gaming experience may not have been sufficiently 

motivated by the low cognitive load condition to exert enough mental effort to 

improve performance. The mental effort an individual puts into completing a task can 

have a considerable impact on their level of skill acquisition (Paas et al., 2005).  

 

A range of variables have been linked to task motivation including the availability of 

performance incentives, task variability and perceived self-efficacy (Paas et al., 2005). 

Ayres (2006) found that mental effort was linked to the degree of element interactivity 

of instructional procedures, with lower levels of element interactivity associated with 

less mental effort. Ayres also found that compared to students rated as below average 

in algebra ability, students rated as above average in algebra ability found that algebra 

problems required less mental effort.  
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In the present study, participants with recent gaming experience in the low cognitive 

load condition may have lost interest in improving performance during practice 

because they were accustomed to playing games with higher intensity conditions. 

However, the finding that participants with gaming experience performed significantly 

better during the practice phase under low cognitive load compared to high cognitive 

load suggests this was not the case. It should also be noted that all participants 

completed the five sessions of the study, indicating that group allocation did not 

adversely affect motivation to complete tasks within the study.  

 

Though it has been found that males tend to demonstrate better performance on 

spatial tasks than females (Terlecki & Newcombe, 2005) it seems unlikely that gender 

differences accounted for the interaction between test phase, cognitive load and 

previous electronic gaming experience in the present study. This is because for 

participants with recent gaming experience, the two conditions of cognitive load were 

balanced in terms of the number of males in each group.  

  

Overall, the results of the present study do support the notion that cognitive load is 

related to the effectiveness of DDM training and transfer performance. It seems that 

both low and high levels of cognitive load may reduce learning, but for different 

reasons for individuals with different levels of prior task related knowledge. High levels 

of cognitive load may reduce the learning of novices due to overloaded working 

memory. Low levels of cognitive load may reduce the learning of individuals with prior 

task related knowledge due to either, 1) fostering a reliance on the use of prior task 

related knowledge rather than specific information about the new task to complete 

objectives, or 2) causing a reduction in task motivation and mental effort. In reality, 

some combination of both of the above probably reduces the learning of experienced 

individuals under low cognitive load.    

 

In contrast to the present study, Gonzalez (2004, 2005) did not find the expertise 

reversal effect. Gonzalez manipulated the time constraints and mental workload 

associated with a DDM task while participants gained experience with the task. Then, 
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participants’ transfer performance was tested. Gonzalez (2004, 2005) measured 

cognitive ability with the Raven test but did not measure electronic gaming experience. 

Gonzalez (2004, 2005) found that the overall pattern of performance across training 

conditions remained stable between the practice phase and test phase. Practicing 

under low intensity and low mental workload compared to high intensity and high 

mental workload consistently led to better performance during the practice phase and 

the transfer phase; regardless of participants’ cognitive ability.   

 

The present study differed from the Gonzalez (2004, 2005) studies in two regards 

which may account for the difference in findings: 1) the present study used a different 

task environment during the practice phase and the test phase, and 2) the effect of 

participants’ recent electronic gaming experience on their transfer performance was 

statistically adjusted for in the present study. Gonzalez (2004, 2005) did not use a 

different task environment during the practice phase and the test phase. Thus, 

participants in Gonzalez’s (2004, 2005) studies were not required to transfer their 

DDM performance to a different setting within the parameters of the WPP’s 

operational environment (Ford & Weissbein, 1997).     

 

It was argued previously (p. 29) that the impact of using a similar task environment 

during the practice phase and test phase could be that Gonzalez’s (2004, 2005) pattern 

of results only reflect that it is easier to memorise decision sequences under some 

conditions of cognitive load than others. It was suggested that Gonzalez’s (2004, 2005) 

participants may have been able to memorise decision sequences better under low 

time constraints and low workload than high time constraints and high workload. 

Evidence for this hypothesis was found in the structure of the WPP. For example, 

though water entered the WPP system in a predetermined order unknown to the 

operator, the location of water tanks within the system and the velocity of water 

pumps remained static (Gonzalez, 2004). Thus, participants may have been able to 

memorise the sequence for emptying water tanks at different levels of the WPP to 

simplify pump scheduling and improve performance.   
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Note that like the WPP, it is also plausible that the structure of the FD3 game enabled 

participants to memorise decision sequences. The FD3 fire fighting objectives are static 

within each fire fighting campaign such that participants attempted to complete the 

same fire fighting objectives during each game attempt. However, unlike Gonzalez’s 

(2004, 2005) research methodology, it was impossible for participants to rely on 

memorised decision sequences to facilitate transfer performance in the present study 

because a different FD3 fire fighting environment was used during the practice phase 

and the test phase. 

 

In the present study, the FD3 fire fighting campaign used during the practice phase 

simulated an industrial environment characteristic of an airport. The FD3 campaign 

used during the transfer test simulated an underground urban shopping complex. 

Thus, participants had to transfer the DDM skills they developed to rescue civilians and 

extinguish fires during the practice phase to an alternative fire fighting environment 

during the test phase. It was subsequently found that although practicing under low 

cognitive load compared to high cognitive load was associated with better practice 

phase performance (consistent with Gonzalez’s findings; see Gonzalez, 2004, 2005), 

practicing under low cognitive load was associated with a significant reduction (or 

reversal) in transfer performance for participants with recent gaming experience 

(consistent with the expertise reversal effect).  

 

Thus, Gonzalez’s (2004, 2005) use of essentially the same task environment during the 

practice phase and test phase may account for why the expertise reversal effect was 

not evident in Gonzalez’s results. It is expected that if Gonzalez (2004, 2005) had used 

a transfer task with a different environment during the practice phase and the test 

phase, a greater degree of transfer may have been recorded for participants who 

practiced under high cognitive load compared to low cognitive load.    

  

It is also plausible that Gonzalez’s (2004, 2005) manipulation of cognitive load may not 

have produced a sufficient level of difference in cognitive load between experimental 

conditions to demonstrate the expertise reversal effect. Gonzalez (2004, 2005) 

manipulated the time constraints for emptying water takes in the WPP simulation 
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similar to the manipulation of the intensity of fire fighting conditions in the present 

study. Gonzalez’s (2005) high workload condition was generated with the addition of 

communication and system allocation tasks to the WPP. Monitoring several tasks 

simultaneously is associated with high levels of cognitive load (Paas & van 

Merriënboer, 1994); yet, the expertise reversal effect was still not demonstrated in 

Gonzalez’s (2005) study. Ultimately, as Gonzalez (2004, 2005) did not measure the 

cognitive load generated by the WPP or participants’ mental effort with task 

performance it is difficult to reliably describe the type or degree of cognitive load 

experienced by participants in Gonzalez’s studies.   

 

Another possible explanation for the disparity between the present results and 

Gonzalez (2004, 2005) findings is that the majority of Gonzalez sample may have had 

electronic gaming experience or equally, Gonzalez’s sample may have represented 

very few individuals with prior gaming experience. However, this seems unlikely given 

that participants were randomly assigned to experimental conditions in Gonzalez’s 

(2004, 2005) studies. 

 

Overall, the present study provides support to indicate that compared to the concept 

of a general transfer paradox, the expertise reversal effect provides a more useful 

account of the relationship between training, trainee characteristics and transfer of 

DDM performance. The concept of a transfer paradox predicts that training conditions 

which facilitate the greatest rate of skill acquisition during training do not produce the 

highest level of transfer to novel situations (Kalyuga, 2009). The expertise reversal 

effect predicts that task performance will reverse between training and transfer 

testing as a function of different training conditions and different levels of cognitive 

ability or task experience and expertise (Kalyuga & Hanham, 2011).  

 

It was found that during the first transfer test, compared to practicing under high 

cognitive load, practicing under low cognitive load was associated with a significant 

reduction in transfer performance for participants with recent gaming experience but 

not for participants without recent gaming experience (consistent with the expertise 

reversal effect). Similarly, during the second transfer test, compared to practicing 
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under low cognitive load, practicing under high cognitive load was associated with 

improved performance between the practice phase and the test phase, with a trend 

toward greater improvement for participants with recent gaming experience than 

participants without recent gaming experience.  

 

It is likely that the findings of the first transfer test provide the most robust indication 

of whether, compared to the concept of a general transfer paradox, or the expertise 

reversal effect occurred in the present study. This is because the first transfer test 

probably provided another learning opportunity in addition to the practice phase 

(Roscoe & Williges, 1980). The occurrence of further learning during the first transfer 

test may have diminished the expertise reversal effect in the second transfer test. 

Ultimately, further research is needed with a range of DDM tasks clarify whether the 

expertise reversal effect or a general transfer paradox best accounts for the 

relationship between training, trainee characteristics and transfer of DDM 

performance.  

  

The hypothesis that WOMBAT™ test scores would be more predictive of DDM 

performance than Raven test scores was supported. The WOMBAT™ test was found to 

be reliably predictive of practice phase performance and the number of fire fighting 

objectives that participants completed during each of the two test phase attempts. 

WOMBAT™ test scores were also found to be reliably predictive of the duration of 

successful fire fighting participants achieved during the second transfer test. 

Conversely, the Raven test was not found to be reliably predictive of practice phase, 

test phase or transfer performance.    

 

The finding that the WOMBAT™ test was a reliable predictor of FD3 performance is 

consistent with previous research. O’Hare (1997) showed that the WOMBAT™ test has 

very high predictive validity for real-world DDM performance. It is theorised that the 

dynamic and inter-related nature of the tasks comprising the WOMBAT™ test enable 

the measure to predict DDM performance (O’Brien & O’Hare, 2007). Decision making 

in complex environments with variables that share dynamic relationships is a hallmark 

of DDM (Brehmer & DÖrner, 1993). 
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Gonzalez (2004, 2005) provided replicated evidence to suggest that the Raven test 

does predict DDM performance on the WPP. However, the Raven test was not found 

to be a reliable predictor of DDM performance with FD3. This may reflect different 

levels of task variables like dynamics and opaqueness between the FD3 and WPP 

simulations. Compared to the WOMBAT™ test, the low predictive ability of the Raven 

test may reflect the failure of the Raven test to adequately capture the cognitive 

abilities required for performing well in the FD3 environment.  

 

Several other studies have also reported only weak associations between the Raven 

test and microworld performance (see Rigas et al., 2002). Compared to the WOMBAT™ 

test which integrates various measures of cognitive ability including a dual-tracking 

psychomotor task, spatial processing task and a sequential perception task, the Raven 

test items comprise solely of static geometric shapes. Unlike the stable relationship 

between variables in static tasks, the relationship between variables in dynamic tasks 

is continually changing and evolving. As a result, measures which incorporate dynamic 

interactions between task variables are likely to be stronger predictors of DDM 

performance.  

 

The finding that participants’ level of recent electronic gaming experience was related 

to FD3 performance is consistent with the findings of other studies using the Space 

Fortress game (see Rabbitt, et al., 1989). While the predominant area of trainee ability 

used to predict DDM performance has been that of cognitive ability, it seems that the 

measurement of gaming experience should become standard practice in DDM 

research involving computer simulations. It was found in the present study, that 

participants’ recent gaming experience was a stronger predictor of FD3 performance 

than the WOMBAT™ test or Raven test. However, the inherent variability in 

simulations of DDM environments means that the methodology of the present study 

should be replicated with other microworld simulations (e.g., Fire Chief) to test the 

validity of the present findings. 
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Contrary to expectation, results from the present study indicated that performance on 

the WOMBAT™ test and Raven test did not predict transfer of DDM performance in 

relation to task cognitive load. This finding may reflect a floor effect in terms of the 

number of objectives participants completed during the test phase. The FD3 fire 

fighting campaign used for the transfer test contained 25 fire fighting objectives, but 

participants completed an average of just 2.58 (SD = 2.5) during the first transfer test 

and 5.38 (SD = 3.60) during the second transfer test. This suggests that the distribution 

of transfer performance for participants with low WOMBAT™ test scores and low 

Raven test scores may have been restricted to a narrow distribution of low test phase 

performance.  

 

The findings of the present study have implications for the design of training 

programmes to produce personnel capable of high levels of DDM performance in 

cognitively demanding environments (e.g., ATC). The findings of the present study 

emphasise that electronic gaming experience can interact with the cognitive demands 

of electronic DDM tasks to affect the training and transfer of DDM performance. The 

results of the present study also support the premise of CLT which suggests that 

cognitive load is related to the effectiveness of skills training and transfer. It also seems 

that training conditions which facilitate faster skill acquisition and improved 

performance during training are not directly related to better transfer performance. 

Thus, creating training conditions which foster rapid improvements in performance 

should not be the focus of designers, but rather, designers should focus on developing 

training conditions which foster transfer performance to a range of settings.  

 

Consistent with CLT, the present study indicates that high levels of cognitive load may 

be used during training to improve transfer performance. However, the noted 

interaction between test phase (practice and test), cognitive load (high and low) and 

previous electronic gaming experience shows that, to maximise transfer performance, 

cognitive load during training must be tailored to the characteristics of different 

individuals (i.e., level of electronic gaming experience). It seems that both low and high 

levels of cognitive load can reduce learning, but for different reasons for individuals 

with different levels of prior task related knowledge. High levels of cognitive load may 
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reduce the learning of novices due to overloaded working memory. Low levels of 

cognitive load may reduce the learning of experienced individuals due to either, 1) 

fostering a reliance on the use of prior knowledge rather than task specific information 

to complete task objectives, or 2) causing a reduction in task motivation and mental 

effort.  

 

As a result, accurate personnel selection for different training conditions is critical. In 

this regard, the WOMBAT™ test has been found to repeatedly demonstrate predictive 

validity for laboratory based and real-world DDM performance (see O’Hare 1997; 

O’Brien & O’Hare 2007). The WOMBAT™ test was developed to improve pilot selection 

methods (Roscoe & North, 1980) and the present study indicates that the WOMBAT™ 

test has wide ranging implications for improving the accuracy of personnel selection 

for different DDM training conditions.  

 

It is hoped that the present study will increase the awareness of researchers in the 

field of DDM for the need to increase the ecological validity of experimental 

procedures. This should lead researchers to adopt the use of transfer tasks with 

different environments than those used during training. A full transfer test requires the 

demonstration of behaviours acquired during training in a range of settings within the 

parameters of an operational environment (Ford & Weissbein, 1997). The present 

study shows how an off-the-shelf computer game can be successfully used in DDM 

research to create different environments for DDM training and transfer testing.  

 

Several limitations challenge the reliability of the findings of the present study. The 

duration of training and practice can interact with the relationship between task 

cognitive load and cognitive ability and transfer performance (Roscoe & Williges, 

1980). However, the impact of training length on transfer performance was not 

measured in the present study. Roscoe and Williges (1980) pointed out that one of the 

major difficulties with measuring transfer performance is that training effectiveness, in 

terms of the degree of transfer performance, is only optimal for a particular length of 

training, after which time the degree of transfer gained from further training reduces. 

 



104 

 

The overall training time was controlled in the present study in accordance with 

Roscoe and Williges’ (1980) suggestion that failure to take into account the amount of 

prior training of different groups is likely to produce a biased estimate of transfer 

performance. All participants in the current study completed 20 minutes focused 

training to learn how to operate the FD3 game and a further 60 minutes practice 

operating the game under conditions of either low or high cognitive load. Then, 

participants’ performance was tested with two transfer tests. Also, the number of 

practice attempts was included in the statistical analysis of participants’ transfer 

performance (i.e., by dividing the number of fire fighting objectives they completed by 

the number of practice attempts they used).  

 

However, it is unknown at what point maximum transfer effectiveness was reached in 

the present study or if it was reached with the training and practice methodology at 

all. Maximum training effectiveness may have been associated with less practice (e.g., 

only 20 minutes practice) or substantially more practice (e.g., 120 minutes practice). 

Conducting transfer testing at the point of maximum training effectiveness may have 

produced a different pattern of results to the results of the present study. For 

example, a stronger effect of cognitive ability may have been evident if participants’ 

transfer performance was tested prior to the point of maximum training effectiveness. 

A replication of this study should investigate the effect of training time and cognitive 

load on the acquisition and transfer of DDM performance to discover the extent to 

which the relationship between cognitive ability, task cognitive load and transfer of 

DDM performance varies according to training time. 

 

Another limitation of the present study is that the main statistical analyses conducted 

used mean data imputations for missing data which occurred due to errors in data 

recording. Using data imputations tends to increase the error associated with analysing 

a data set (Tabachnick & Fidell, 1996). Two additional rounds of statistical analyses 

were conducted on different data sets to provide a comparison of results in light of any 

potential error associated with imputing missing data. The additional rounds of 

statistical analyses used data sets that (a) excluded cases with missing data and (b) 
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used expectation maximisation (EM) to estimate data imputations, and are presented 

in detail in Appendices Thirteen and Fourteen.  

 

It should be noted that Tabachnick and Fidell (1996) warned that unequal sample size 

can result in uneven estimations of error variance for grouped variables and that EM 

does not add error variance to the imputed data set; therefore, they recommend that 

inferential statistics derived from data sets with substantial missing values or data sets 

with missing values imputed via EM should be interpreted with caution.  

 

In view of Tabachnick and Fidell’s (1996) warnings, results derived from data set (a) 

approached significance for the main finding that practicing under low cognitive load 

was associated with a significant reduction in performance during the transfer test for 

participants with recent electronic gaming experience (see Appendix Thirteen). Results 

derived from data set (b) showed a non-significant interaction between gaming 

experience and task cognitive load and transfer performance (see Appendix Fourteen). 

No significant interaction between WOMBAT™ test scores and Raven test scores and 

task cognitive load and transfer performance was identified for either data set (a) or 

(b).  

 

Results from data set (a) and (b) indicated that WOMBAT™ test scores were 

significantly related to participants’ performance on the FD3 game whereas Raven test 

scores were not. Therefore, it seems reasonable to conclude that the results of 

additional analyses of covariance using data sets which (a) excluded cases with missing 

data and (b) used EM to estimate data imputations do not conflict with the main 

findings presented in this study. It is recommended that the present study is replicated 

without error in data recording to reduce the occurrence of missing data and further 

verify the conclusions based on the present study with complete data sets.  

 

A further limitation of the present study is that the main outcome variable used in the 

present study was the number of fire fighting objectives that participants completed. 

Because external methods needed to be developed to measure participant 

performance in the FD3 game the options for data collection about participants’ 
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performance was limited. Information about the number of fire fighting objectives that 

participants completed provided a description of the most salient feature of 

participants’ performance. Information about the duration of successful fire fighting 

was also collected but due to missing data it was difficult to transform the duration of 

participants’ fire fighting performance into a variable which took into account the 

number of practice attempts each participant completed in relation to transfer 

performance.  

 

Analysis of the correlation between the number of fire fighting objectives and the 

duration of successful fire fighting indicated a large positive relationship between the 

two variables. This suggests that a similar pattern of results would have been found 

using the duration of participants fire fighting as a performance measure, as was found 

using the number of fire fighting objectives completed. It is recommended that in a 

replication of this study additional performance measures are collected including the 

number of ventilation fans activated, the number of injured civilians rescued and the 

order and time taken to complete each objective. This would facilitate a more 

comprehensive investigation of effect of different levels of cognitive load on the 

transfer of DDM performance as different skills have been found to transfer at 

different rates to operational environments (Roscoe & Williges, 1980).  

  

A future replication of the current study could use a third group that used the same 

environment during the practice phase and test phase to replicate the methodology 

used in Gonzalez’s studies (see Gonzalez, 2004, 2005). The transfer performance of this 

group could then be compared to that of participants who completed a transfer test in 

a different environment to that used during the practice phase. This group would 

provide a baseline measure of performance in the transfer test environment used with 

other participants groups, without the impact of transfer on their performance. Such a 

baseline could be used to evaluate the effectiveness of different training conditions for 

producing transfer performance in an operational environment.  

 

In conclusion, the training and transfer of dynamic decision making (DDM) 

performance from one decision making environment to another is critical for the 
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development of effective DDM performance under operational conditions. The present 

study was designed to investigate the relationship between the cognitive load 

experienced during training, the individual’s cognitive ability and previous gaming 

experience, and the transfer of performance to a novel situation. It was found that 

cognitive load is related to the effectiveness of DDM training and transfer 

performance, and it seems that both low and high levels of cognitive load may reduce 

learning, but for different reasons for individuals with different levels of prior task 

related knowledge.  
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Appendix One 
 

 

 
 

Dynamic decision making  

 

Information Sheet for Participants 
 

Thank you for showing an interest in this project. This project is being undertaken as 

part of the requirements for a Masters of Science Degree. Please read this information 

sheet carefully before deciding whether or not to participate. If you decide to 

participate we thank you.  If you decide not to take part there will be no disadvantage 

to you and we thank you for considering our request.   

 

What is the Aim of the Project? 

To improve the breadth, and real-world application, of knowledge about the 

relationship between cognitive ability and task workload, regarding the development 

and transfer of dynamic decision making (DDM) performance; for the purpose of 

increasing the effectiveness of training programmes designed to improve DDM 

performance.  

 

What Type of Participants are being sought? 

People over the age of 18 years, any gender, level of education and occupation, and 

any level of computer game experience are sought for this study.   

 

What will Participants be Asked to Do? 

Should you agree to take part in this project, you will be asked to engage in the 

completion of three tasks, over five, one hour, sessions; (1) to complete a paper-based 

multiple-choice cognitive assessment called Ravens Standard Progressive Matrices, (2) 
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interact with a computer-based task called WOMBAT™ version 4.0, and (3) interact 

with a computer simulated fire fighting game called Fire Department 3. Participant 

engagement with these three tasks will be spread over five one hour sessions, 

requiring a total commitment of five hours of your time.  

 

(1) During the first one hour session of this project, participants will be asked 

to complete a paper-based cognitive task called Ravens Standard 

Progressive Matrices (RSPM). RSPM requires participants to complete 

different sets of geometric shapes by selecting alternate shapes from lists 

of multiple possible answers. The RSPM task includes 60 multiple-choice 

questions and takes approximately 40 minutes to complete. 

(2) During the second one hour session of this project, participants will be 

asked too, with guided tuition, learn how to operate a computer-based task 

called WOMBAT, and test their skills on the WOMBAT task. The WOMBAT 

computer task requires participants to manipulate objects displayed on 

screen with two joysticks, and respond to various number patterns via a 

keypad. Guided tuition in operating WOMBAT tasks will take 20 minutes 

and independent participant performance on WOMBAT will take 40 

minutes. 

(3) During the third, fourth and fifth one hour sessions of this project, 

participants will be asked to practice operating the fire-fighting simulation 

called Fire Department 3 (FD3). FD3 requires participants use a computer 

mouse to select and direct fire-fighting personal and appliances in various 

3D computer generated fire-fighting situations. 

 

Due to the repetitive nature of manipulating the joysticks, and mouse and keypad 

buttons involved in controlling the computer-based tasks in this project, potential 

sources of harm exist for any individuals with a strain or injury in the hand, elbow, 

shoulder or neck regions.  
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Please be aware that you may decide not to take part in the project without any 

disadvantage to yourself of any kind. 

 

Payment for Participation  

Should you choose to participate in this project, you will be paid a standard rate of 

$12.50 per hour, for each hour of participation, with the opportunity of receiving an 

addition two payments of $20.00. The five participants with the highest projected full-

scale score on WOMBAT during the second one hour session of this project, and the 

five participants with the highest overall score on Fire Department 3 during the fifth 

one hour session of this project, will receive an additional payment of $20.00, over and 

above the standard rate of $12.50 per hour they will receive for participating in this 

project. 

 

Can Participants Change their Mind and Withdraw from the Project? 

 

You may withdraw from participation in the project at any time. You will be paid 

$12.50 per hour, for each hour you participated in the project prior to withdrawing, 

and you will remain eligible for an additional payment of $20.00 if you withdraw after 

having completed the WOMABT computer task or the FD3 computer game. Due to the 

duration of this project (five, one hour sessions) we ask that you take time to fully 

consider if you wish to participate in this project.  

 

What Data or Information will be Collected and What Use will be Made of it? 

Data will be collected on participants’ in the area of, (1) demographics and computer 

gaming experience; and data will be collected on participant performance during the 

project in the following areas; (1a) participant performance on the WOMBAT computer 

task and, (2) participant performance on the RSPM paper-based task and, (3) 

participant performance on the FD3 computer simulated fire fighting task.  

 

(1) Data collected on participant demographics and prior experience in the area of 

computer gaming will be collected via a standard demographic questionnaire.  
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(1a) Data collected on participant performance on WOMBAT will be the, 

computer generated, projected full-time score of each participant after they 

have tested their skill for completing the WOMBAT computer task for 40 

minutes.  

(2) Data collected on participant performance on RSPM task will be hand scored, 

total scores, for the number of correct responses given by each participant, out 

of the total number of possible correct responses. 

(3) Data collected on participant performance on the FD3 computer simulated fire-

fighting task will be the time it takes each participant to complete each fire-

fighting objective within the game and the total number of objectives each 

participant completes, and the percentage of civilian casualties incurred during 

interaction with the game.  

 

Data is being collected from these three sources for the purpose of investigating the 

relationship between cognitive ability and task workload, regarding the development 

and transfer of dynamic decision making (DDM) performance.  At no time during this 

project will participants be audio-taped or video-taped. The only personal identifying 

information collected will be participants’ first name and cell phone number, for the 

purpose of contacting participants in regard to participation and payment. The only 

people who will have accesses to participants’ cell phone numbers will be the student 

researcher responsible for this project and his supervisor.   

 

The results of the project may be published and will be available in the University of 

Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve 

your anonymity. 

 

You are most welcome to request a copy of the results of the project should you wish. 

 

The data collected will be securely stored in such a way that only those mentioned 

below will be able to gain access to it.  At the end of the project any personal 

information will be destroyed immediately except that, as required by the University's 
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research policy, any raw data on which the results of the project depend will be 

retained in secure storage for five years, after which it will be destroyed. 

 

Reasonable precautions will be taken to protect and destroy data gathered by email.  

However, the security of electronically transmitted information cannot be guaranteed.  

Caution is advised in the electronic transmission of sensitive material. 

 

What if Participants have any Questions? 

If you have any questions about our project, either now or in the future, please feel 

free to contact either:- 

Brad Nicholson   or David O’Hare 

Department of Psychology   Department of Psychology 

University Telephone Number: 479 4577 University Telephone Number: 479 7643 

 

The University of Otago Human Ethics Committee has reviewed and approved this 

project. If you have any concerns about the ethical conduct of the research you may 

contact the Committee through the Human Ethics Committee Administrator (ph 03 

479 8256). Any issues you raise will be treated in confidence and investigated and you 

will be informed of the outcome. 
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Appendix Two 
 
 

 
 

Dynamic decision making  

Consent Form for Participants 
 

I have read the Information Sheet concerning this project and understand what it is 

about.  All my questions have been answered to my satisfaction.  I understand that I 

am free to request further information at any stage. 

 

I know that:- 

1. My participation in the project is entirely voluntary. 

 

2. I am free to withdraw from the project at any time without any disadvantage. 

 

3. Personal identifying information (e.g., first names) will be destroyed at the 

conclusion of the project but any raw data on which the results of the project 

depend will be retained in secure storage for five years, after which they will be 

destroyed. 

 

4. This project requires the operation of computer software that involves repetitive 

manipulation of joysticks, and mouse and keypad buttons, therefore, with 

participation in this project, potential sources of harm exist for any individuals 

with a strain or injury in the hand, elbow, shoulder or neck regions.  
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5. Should I choose to participate in this project, I will be paid a standard rate of 

$12.50 per hour, for each hour of participation; with the opportunity of receiving 

an addition three payments of $20.00. The five participants with the highest score 

on Raven task (during the first one hour session of this project); five participants 

with the highest projected full-scale score on the computer-based cognitive 

assessment (during the second one hour session of this project); and the five 

participants with the highest overall score on the computer generated fire fighter 

game (during the fifth one hour session of this project) will receive an additional 

payment of $20.00; over and above the standard rate of $12.50 per hour they will 

receive for participating in this project. 

 

6. The results of the project may be published and will be available in the University 

of Otago Library (Dunedin, New Zealand) but every attempt will be made to 

preserve my anonymity.   

 

I agree to take part in this project. 

 

.............................................................................   ............................... 

       (Signature of participant)      (Date) 
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Appendix Three 
 

Demographic Information 
 
 

Name:________________________________________  Age:_______ 
 
 
Gender:__________ Cell phone number:_________________________ 
 
 

Education 

 

1. Please indicate the education provider you are enrolled with:  

□ Otago University   □ Otago Polytechnic   

 

2. What year of tertiary level education is this for you? (Please circle 

below) 

 

Year: (1)       (2)       (3)       (4)       (5)       (6)       (7)       (>7) 

 

3. Please indicate if you have completed one of the following: 

□ Degree  □ Diploma  □ Certificate  

 

4. What is your current major course of study? 

 

_______________________________________________________ 
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Computer gaming experience  

 

1. Have you attempted the “Ravens Standard Progressive matrices” task 

before?     Yes / No   (Please circle) 

 

2. Have you attempted the “WOMBAT” computer task before? 

Yes / No   (Please circle) 

 

3. Have you attempted the “Fire Department 3” computer task before?  

Yes / No   (Please circle)  

 

4. Thinking about the last month, please estimate the average number of 

days per week on which you have engaged in electronic gaming (this 

includes computer gaming and electronic console gaming like Xbox, 

and PlayStation), over the last month (Please circle the number below).   

 

Average days per week:  (0)     (1)     (2)     (3)     (4)     (5)     (6)     (7)     
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Appendix Four 
 

Standardised Instructions for WOMBAT Training 
 
 
The following instructions were adapted from the 51 screen pages of written 

instructions and practical exercises contained in the WOMBAT™ programme which 

teach examinees how to complete WOMBAT™ tasks. The adapted instructions were 

read verbatim to each participant. If a participant experienced particular difficulty with 

a task then the instructions were repeated as necessary. Note that additional non-

scripted instructions were given to participants in regard to moving through the screen 

pages of the WOMBAT™ training programme. Each section of verbal instruction was 

paired with a practical exercise from the WOMBAT™ programme. The WOMBAT™ 

instructional phase based on the following instructions was completed in 20 minutes.  

 

Verbal Instruction: Ok, so today I am going to introduce you to a computer game called 

WOMBAT. The idea of the game is to use the joysticks to keep two pairs of lines on the 

sides of a moving hexagon and keep a cross hair in the centre of a moving circle; and 

then, when you can do that, to complete three bonus tasks. This task takes a bit of 

practice, but I can give you some guidance along the way, although I have to teach 

everyone in the same way so I may not always be able to help you. I will read 

instructions for completing each task and you can interact with WOMBAT while I read 

the instructions.     

 

Practical Exercise: WOMBAT™ Practical Phase Number 20 

 

Verbal Instruction: If you move the left joystick forward and backward you will see that 

it moves the pair of lines. The right joystick moves the cross hair. Your goal is to keep 

the blue lines of the sides of the hexagon within the two pairs of yellow lines and the 

cross hairs in the centre of the circle. 

 

Your performance is shown by this white line in this box (point), when the white line is 

at the top of this box it means that both pairs of lines and the cross hairs are lined up 
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properly. The vertical line shows the worth of completing the task, which is related to 

your bonus task performance.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 20 

 

Verbal Instruction: There are two different speed settings for moving the lines and 

cross hair, this is one of them; see that the farther you move the joysticks the faster 

the lines and the cross hair move across the screen, and they stop when they reach the 

centre of the target circle which you control (point).  

 

Practical Exercise: WOMBAT™ Practical Phase Number 22 

 

Verbal Instruction: This is the other speed setting for moving the lines and the cross 

hair, see that this time once you start the lines and the cross hair moving, they keep 

moving until you counter their movement by shifting the joystick in the opposite 

direction. Each time you start this tracking task, the computer randomly selects which 

of these two speed settings you will have to work with.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 22 

 

Verbal Instruction: Once you get the hang of it, keeping the two pairs of lines o the 

sides of the hexagon and the cross hairs in the moving circle is reasonably easy. So to 

enable you to score more points, once you have the lines and the cross hair aligned 

properly you can switch on an autotrack function which will keep the lines and the 

cross hair aligned for you.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 24 

 

Verbal Instruction: You switch autotrack on and off with this button here (point), the 

other red buttons, here and here (point) do not do anything. So align the lines and 

cross hair and then turn on autotrack, now practice switching autotrack on and off a 
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couple of times. The instant the blue lines and inside the pair of lines and the cross hair 

is in the circle you can switch on Autotrack.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 26 

 

Verbal Instruction: Once the autotrack function is working, there are three bonus tasks 

that you should play to score extra points. Just be aware though that autotrack isn’t 

very good and sometimes fails, sometimes you will have to break from playing a bonus 

task and realign the lines and cross hair. 

 

Practical Exercise: WOMBAT™ Practical Phase Number 28 

 

Verbal Instruction: If autotrack starts to fail, this line (point) will start to move up and 

down and if autotrack fails completely the square will turn grey and the line will drop 

to the bottom of the box. Keep practicing. Note that even when autotrack fails (point 

to the feedback square) it is still turned on, so you always have to click autotrack off as 

well as on. 

 

If the box does go grey, indicating that autotrack has failed, you have to wait a penalty 

time of a couple of seconds before you can switch autotrack back on, when this 

penalty is in place the rectangle with word TRIGGER (point) written in it will be 

coloured red. So, try to turn autotrack off and realign the lines and cross hair and then 

wait until the word TRIGGER is no longer red, then turn autotrack back on. When you 

switch autotrack back on autotrack will start working properly again.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 28 

 

Verbal Instruction: You can avoid autotrack failing completely by readjusting the lines 

and cross hair when you notice the white line (point) starting to move up and down. 

Having to wait the penalty time can be costly because it reduces your ability to 

complete bonus tasks so you can choose to switch back to the tracking task from your 

bonus task by pressing the bonus button on the key pad (point), disengaging autotrack 
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by clicking the right hand trigger button, readjusting the lines and cross hair and 

resetting autotrack before it fails completely. Once you have autotrack working, to 

maximise your scoring you can complete one of three bonus tasks. 

 

Practical Exercise: WOMBAT™ Practical Phase Number 36 

 

Verbal Instruction: This is a practice so the computer has automatically turned 

autotrack on so you can practice each bonus task. So press the BONUS button (point). 

 

This is the first bonus task you can select. See that two 3D shapes are presented, you 

must decide if they are identical shapes, mirror images of each other, or structurally 

different in some way. To help you decide you can rotate the shapes using the two 

joysticks, press the large arrow keys (point) to switch between the shapes. So rotate 

the shapes. Use both joysticks to rotate each shape. 

 

Press the number 2 if you think they are identical (point), press number 5 if you think 

they are mirror images (point), and 7 if you think they are structurally different in some 

way. If you answer correctly you can press number 4 to gain view another set of 3D 

shapes. Make sure you always keep an eye on the white line that indicates the 

performance of the Autotrack function while you are completing the task.   

 

Practical Exercise: WOMBAT™ Practical Phase Number 38 

 

Verbal Instruction: This is the same bonus task but a different set of shapes, so have 

another try. 

 

Each bonus task has a 60 second clock (point), if you answer correctly within 60 

seconds you will have the opportunity to view another set of shapes by pressing 

number 4 on the key pad. If you need to reset autotrack while completing a bonus task 

simply press the bonus button again, the clock will pause and the screen will switch 

back to the tracking task. If you answer incorrectly you will not have to opportunity to 

view another set of shapes and you will have to wait down however much time is 
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remaining on the clock before you can select another bonus task to play. You must 

remain in the bonus task screen to wait down the clock; the clock pauses if you switch 

back to the tracking task.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 42 

 

Verbal Instruction: Press the bonus button; this is the second bonus task that you can 

select. See that numbers 1 to 32 are located in four squares, 8 numbers to a square. 

Your task is to find each number in order from 1 to 32 and indicate which square it is in 

using the yellow coloured keys on the keypad (point).  

 

To help you, the numbers form patterns, if you can recognise a pattern; you can 

respond faster and score more points. This time the pattern is up and down each side 

twice before changing to up and down on the other side (point to a sequence of eight 

digits). If you complete the task well, and within 60 seconds you can get another set of 

numbers and attempt the task again for more points. If you make too many errors you 

may not be able to access another set of number even if you have time remaining, so 

make sure you are quick and accurate as possible.   

 

Make sure you always keep an eye on the white line that indicates the performance of 

the Autotrack function while you are completing the task.    

 

Practical Exercise: WOMBAT™ Practical Phase Number 45 

 

Verbal Instruction: The third bonus task you can select is a memory task. Your goal is to 

respond via the eight digit keypad (point) with the digit you saw two digits ago. So the 

fist number is 3, and the second number is 4, and the third number is 6, when you see 

the number 6, you should press number 3 because number 3 was presented two digits 

before number 6. So if you press 6, the next number is 9, you would respond with the 

number 4 because the number 4 was presented two digits before number 9.  
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Practical Exercise: WOMBAT™ Practical Phase Number 45 

 

Verbal Instruction: The task gives you the first three numbers so that you can pick up 

the sequence, after that you have to press a number to get another number. So I you 

lose your place in the sequence just keep pressing numbers until you pick it back up 

again.  

 

One strategy for completing the task, which you can choose to use or not use is to just 

to remember the last two digits that you seen. (with piece of a paper) in this case that 

would be 3 and 4, you can try saying them to yourself in your head, then when the 

next number appears, 6, respond to the first of the two numbers in your head (e.g., 3), 

forget that number, and then remember 4 and 6, and so forth. If you have to switch 

back to adjust autotrack try to remember the last two numbers that you saw.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 45 

 

Verbal Instruction: Have another go. Your bonus task performance is shown the same 

way as your performance on the tracking task, by a white horizontal line (point), only 

the line is in this box (point). If you are answering correctly for this task the white line 

will move up when you answer and it will be at or near the top of the box if you are 

answering correctly in a row. Your scoring rate is related to time, you will notice that if 

you take too long to answer the performance line will begin to drop, this does not 

mean you are answering incorrectly, just that you need to respond faster to maximise 

your scoring rate. 

 

Make sure you always keep an eye on the white line that indicates the performance of 

the Autotrack function while you are completing the task.    

 

Practical Exercise: WOMBAT™ Practical Phase Number 49 
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Verbal Instruction: When you press the bonus button, after turning autotrack on, you 

will get this screen, the current number of points provided by each bonus task is 

shown by the white horizontal lines (point), the longer the line the more points you 

score by completing that task. Try to choose the task worth the most points to 

maximise your scoring. You select the task you wish to complete with the white key 

numbered 1, 5 and 9. And it’s relative, so that the more times you play one bonus task 

the less points you will get for that task, therefore, it is best to play all bonus tasks a 

similar amount of times.  

 

Practical Exercise: WOMBAT™ Practical Phase Number 48 

 

Verbal Instruction: Your total score is shown by the green rectangle (point) and the E 

represents the computers estimation of your final total score. 

 

Remember, your goal is to maintain the autotrack function; your second goal is to 

complete bonus tasks. Achieving these two goals will maximise your scoring and put 

you at or near the top of the point’s board.  

 

Good Luck. 

 

 

 

 

 

 

 

 

 

 

 

 



130 

 

Appendix Five 

 

Standardised Verbal Prompts for WOMBAT™ 
 

 

In addition to the 20 minutes of systematic experimenter facilitated instruction based 

on the instructional screens produced by the WOMBAT™ programme (see Appendix 

Four), the experimenter used the standardised verbal prompts presented below during 

the first 5 minutes of WOMBAT™ testing. The prompts are based on the instructions 

produced by the WOMBAT™ programme and were used to provide participants with 

additional feedback about autotrack functioning, the bonus task clock, and to aid their 

interpretation of the feedback produced by the Digit-Cancellation bonus task, which is 

the most opaque WOMBAT™ bonus task. Seven different prompts were used. Each 

prompt is presented verbatim with a brief description of the purpose of the prompt 

and number of times the prompt was used.  

 
 
Verbal prompts used 
 

1. Verbal Prompt: “That’s the way to do it, well done”  
 
Purpose: General encouragement for correct WOMBAT™ operation. 

 
Number of times of use: fixed at 4 times 

 
 

2. Verbal Prompt: “Notice the line starting to drop/move up and down” 
 
Purpose: Remind participants to monitor the performance feedback display for 
the autotrack function.  
 
Number of times of use: fixed at 1 time 

 
 

3. Verbal Prompt: “Remember, you have to click out of autotrack before you can 
readjust the lines”  
 
Purpose: Remind participants to switch autotrack off before trying to reset 
readjust the lines and cross hair and reset autotrack. 
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Number of times of use: maximum of 1 time 
 
 

4. Verbal Prompt: “Remember you have to remain in the bonus task to count the 
60 second clock down”  
 
Purpose: Remind participants about the need to remain within a bonus task to 
wait down the bonus task clock. 
 
Number of times of use: maximum of 1 time 

 
 

5. Verbal Prompt: “Remember, the correct answer is always the number that you 
saw two digits ago, this is a memory task  
 
Purpose: Ensure participants understand what a correct response is for the task 
Digit-Cancellation. 
 
Number of times of use: maximum of 1 time 
 
 

6. Verbal Prompt: “Just continue to press numbers on the key pad until you pick 
up the sequence again”  

 
Purpose: Ensure participants understand how to relearn the digit sequence if 
they forget it. 
 
Number of times of use: maximum of 1 time 

 
 

7. Verbal Prompt: “If you are answering correctly the white line will move up or 
be at the top of the box”  

 
Purpose: Ensure participants understand how to interpret the performance 
feedback for Digit-Cancellation.   

 
Number of times of use: maximum of 1 time 
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Appendix Six 
 

Standardised Instructions for the FD3 Training Tutorial 
 
 
Begin by clicking on the yellow circled ‘i’ at the top of the mini map (located in the left 

hand corner of the screen; see figure 1), this will always show you what your current 

objective is.  

 

 
 
Figure 1. Mini Map of the operating area. 
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Objective 1: Move the Camera. Move the mouse to the edges of the screen to move 

the camera around the area. 

 

Objective 2: Rotate the Camera. Push down on the scrolling wheel in the centre of the 

mouse and move the mouse around.  

 

Objective 3: Zoom in. Move the scrolling wheel on the mouse backward and forward 

to zoom in and out. 

 

Objective 4: Go to the Flag. Click on the yellow ‘i’ (see figure 1), your objective is to go 

to the flag. Select the fire fighter by left clicking on him, and then tell him to go to the 

flag by right clicking on the flag. 

 

Objective 5: Rescue a Victim. Look at the mini map (see Figure 1), find your fire fighter 

(your fire fighter is the small green square), move the camera to show your fire fighter 

by left clicking on the green square on the mini map, then left click on your fire fighter 

(in the full screen camera view). Next, find where your objective is located by clicking 

on the white circled ‘i’ symbol on the mini map (see Figure 1), right click on the injured 

civilian to order your fire fighter to rescue them. 

 

Objective 6: Reconnect the Power Supply. Click on the yellow ‘i’ symbol, locate your 

fire fighter by looking at the mini map (your units are either green squares (active) or 

orange squares (inactive) on the mini map), move the camera to show your fire fighter 

by left clicking on the fire fighter), order your fire fighter to reconnect the power 

supply by right clicking on the blue lightening flash symbol rotating above the power 

box displayed on screen.  

 

Objective 7: Extinguish the Fire. Click on the yellow ‘i’. The computer extinguishes the 

fire for you. 

 
Objective 8: Refuel the Fire Fighters. Place the mouse on the truck, see that the 

bottom bar of the split rectangle that appears above the truck (see figure 2) is empty, 
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this means that the truck has no water and must be refuelled before the fire fighters 

can be refuelled, so, to refuel the truck, select the truck by left clicking on it, then find 

a fire hydrant on the mini map (blues squares), move the camera view to show the fire 

hydrant and then right click on the fire hydrant to order the truck to refuel. Now that 

the truck has water you can refuel the fire fighters. Select each fire fighter and move 

the mouse over the truck, right click on the body of the truck when you see the symbol 

appear that looks like a fire hydrant (see Figure 3).  

 

 

 

Figure 2. Picture of the split rectangle that indicates the health of a fire fighting unit 

(green) and the amount of water that unit has (blue). 

 

 

Figure 3. Picture of the symbol that looks like a fire hydrant. Click on this symbol when 

it appears above a fire truck to refill the truck with water. 
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Objective 9: Order the Fire Fighters to Enter the Vehicle. Drag click over the fire 

fighters (with the left mouse button) and right click on the cab of the fire truck when 

you see a symbol appear that looks like an arrow pointing into a box (see Figure 4). 

 

Note that you can select all the fire fighters at once by drag clicking over them. 

 

 
Figure 4. Picture of the symbol that looks like an arrow pointing into a box; when you 

see this symbol over top of a vehicle you can order personnel to enter that vehicle by 

clicking the right hand mouse button. You can also use this button via the control panel 

(see Figure 5). 

 
 

 
 
 
Figure 5. Control Panel.  
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Objective 10: Bring the Fire Truck to the Objective. To do this, select the fire truck and 

find the objective by looking at the mini map, then right click on the flag to order the 

fire truck to move to that location. 

 

Objective 11: Exit the Passengers from the Vehicle. Select the fire truck, and then left 

click on the symbol in the control window (see Figure 5) that looks like an arrow 

pointing out of a box (see Figure 6). 

 
 
Figure 6. Picture of the symbol that looks like an arrow pointing out of a box. When 

you see this symbol above a vehicle you can order personnel to exit that vehicle by 

clicking the right-hand mouse button. You can also click on this symbol in the control 

panel to exit passengers from a vehicle.  

 
 
Objective 12: Extinguish the Fire on the Roof. Click on the yellow ‘i’, select the fire 

truck and right click on the flames on the roof, you can move the spray of water 

around the fire by continuing to right click on different areas of the fire. Fire fighters 

can also be used in the same way to put out a fire e.g., select a fire fighter and right 

click on the flames. 

 

Objective 13: Enter the Building. Click on the yellow ‘i’, select the fire fighter and then 

right click inside the doorway to order the fire fighter to enter the building. 

 

Objective 14: Open the Door. Select the fire fighter and then right click on the door. 
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Objective 15: Break the Windows to Create Smoke Outlets. Click on the yellow ‘i', 

select the fire fighter, right click on the door, then place the mouse on the windows in 

the room and right click when the symbol appears that looks like an axe (see Figure 7). 

Break all the windows. 

 
Figure 7. Picture of the symbol that looks like an axe. If you move the mouse cursor 

over an object and see this symbol, it means that with a right click on the mouse, you 

can order a fire fighter to chop at the object with an axe.  

 
 

Objective 16: Break the Door. Click on the yellow ‘i’, select the fire fighter then left 

click on the axe in the control panel, move the mouse over top of the door and right 

click on the door when the axe symbol appears.  

 

Objectives 17: Rescue the Civilian. Select the fire fighter and right click on the stair 

way (circled in green), then right click on the injured civilian to order the fire fighter to 

rescue them. 

 
 
Congratulations, you have just correctly completed the following 17 fire fighting 

objectives and completed the fire fighting tutorial.  

 
1. Move the Camera  

 
2. Rotate the Camera  

 
3. Zoom In 

 
4. Go to the Flag 

 
5. Rescue a Victim  
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6. Reconnect the Power Supply  

 
7. Extinguish the Fire  

 
8. Refuel the Fire Fighters  

 
9. Order the Fire Fighters to Enter the Vehicle  

 
10. Bring the Fire Truck to the Objective  

 
11. Exit the Passengers from the Vehicle 

 
12. Extinguish the Fire on the Roof. 

 
13. Enter the Building 

 
14. Open the Door 

 
15. Break the Windows to Create Smoke Outlets  

 
16. Break the Door  

 
17. Rescue the Civilian  
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Appendix Seven 
 

Correlation Coefficients for the non-grouped Raw Data 
 

Table 1 
 
Pearson r Correlation Coefficients (continued over page) 

Measured Variable 
Elect. 

Gaming  

WOMBAT 

Score 

Raven 

Score 

Objectives 

Completed 

(1) 

Objectives 

Completed 

(2) 

Fire 

Fighting 

Duration 

(1) 

Fire 

Fighting 

Duration 

(2) 

Elect. 

Gaming  

Pearson  

r 

1 .244 .070 .215 .488
**

 .075 .376
**

 

Sig. (2-

tailed) 
 

.054 .585 .125 .000 .567 .004 

N 63 63 63 52 48 61 57 

Gender Pearson  

r 

-.362** -.219 -.062 -.441** -.281 -.156 -.290* 

Sig. (2-

tailed) 

.004 .089 .632 .002 .053 .230 .029 

N 63 63 63 52 48 61 57 

WOMBAT 

Score 

Pearson  

r 

.244 1 .462
**

 .361
**

 .428
**

 .145 .362
**

 

Sig. (2-

tailed) 

.054 
 

.000 .009 .002 .266 .006 

N 63 63 63 52 48 61 57 

RAVEN 

Score 

Pearson  

r 

.070 .462
**

 1 .166 .312
*
 .246 .262

*
 

Sig. (2-

tailed) 

.585 .000 
 

.240 .031 .056 .049 

N 63 63 63 52 48 61 57 

Practice 

Phase 

Perform. 

 

Pearson  

r 

.490
**

 .184 .136 .397
**

 -.111 .204 .381
**

 

Sig. (2-

tailed) 

.000 .175 .319 .006 .457 .138 .006 

N 56 56 56 46 47 54 50 
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Table 1 continued. 

 

Measured Variable 
Elect. 

Gaming  

WOMBAT 

Score 

Raven 

Score 

Objectives 

Completed 

(1) 

Objectives 

Completed 

(2) 

Fire 

Fighting 

Duration 

(1) 

Fire 

Fighting 

Duration 

(2) 

Objectives 

Completed 

(1) 

Pearson  

r 

.215 .361
**

 .166 1 .486
**

 .557
**

 .217 

Sig. (2-

tailed) 

.125 .009 .240 
 

.001 .000 .139 

N 52 52 52 52 47 52 48 

Objectives 

Completed 

(2) 

Pearson  

r 

.488
**

 .428
**

 .312
*
 .486

**
 1 .302

*
 .740

**
 

Sig. (2-

tailed) 

.000 .002 .031 .001 
 

.037 .000 

N 48 48 48 47 48 48 47 

Fire 

Fighting 

Duration 

(1) 

Pearson  

r 

.075 .145 .246 .557
**

 .302
*
 1 .355

**
 

Sig. (2-

tailed) 

.567 .266 .056 .000 .037 
 

.007 

N 61 61 61 52 48 61 57 

Fire 

Fighting 

Duration 

(2) 

Pearson  

r 

.376
**

 .362
**

 .262
*
 .217 .740

**
 .355

**
 1 

Sig. (2-

tailed) 

.004 .006 .049 .139 .000 .007 
 

N 57 57 57 48 47 57 57 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed).  
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Appendix Eight 
 

Normal Distribution Curves 
 

The histograms presented below are based on mean imputed (non-transformed) data.  
 

 

 

 
 

 
Figure 1. Frequency distribution for the measured variable, WOMBAT Score, for the two 
levels of the manipulated variable.    
 
 

  
 
Figure 2. Frequency distribution for the measured variable, Raven Score, for the two levels 
of the manipulated variable.    
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Figure 3. Frequency distribution for the measured variable, Training Time, for the two levels 
of the manipulated variable.    
 
 

  
 
Figure 4. Frequency distribution for the measured variable, Number of Practice Attempts, 
for the two levels of the manipulated variable.    
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  



143 

 

  
 
Figure 5. Frequency distribution for the measured variable, Practice Phase Performance, for 
the two levels of the manipulated variable.   
 
 

 

 

 
 
Figure 6. Frequency distribution for the measured variable, Objective Completed (1), for the 
two levels of the manipulated variable.   
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Figure 7. Frequency distribution for the measured variable, Fire Fighting Duration (1), for the 
two levels of the manipulated variable.   
 
 

 

 

 
 
Figure 8. Frequency distribution for the measured variable, Fire Fighting Duration (2), for the 
two levels of the manipulated variable.   
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Appendix Nine 
 

Scatterplot Distributions for Assessment of Linearity 
 
The Scatterplots presented below are based on mean imputed data, after data 
transformations to achieve ANCOVA statistical assumptions.   
 

     
 
Figure 1. Scatterplot for WOMBAT Score and Raven Score for the two levels of the 
Manipulated Variable. 
 
 

      
 
Figure 2. Scatterplot for WOMBAT Score and Training Time for the two levels of the 
Manipulated Variable. 
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Figure 3. Relationship between WOMBAT Score and Number of Practice Attempts for 
the two levels of the Manipulated Variable. 
 
 

 
 
Figure 5. Relationship between WOMBAT Score and Practice Phase Performance for 
the two levels of the Manipulated Variable. 
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Figure 6. Relationship between WOMBAT Score and Objectives Completed (1) for the 
two levels of the Manipulated Variable. 
 
 

 
 
Figure 7. Relationship between WOMBAT Score and Fire Fighting Duration (1) for the 
two levels of the Manipulated Variable.  
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Figure 8. Relationship between WOMBAT Score and Fire Fighting Duration (2) for the 
two levels of the Manipulated Variable. 
 
 

                                        
 
Figure 9. Relationship between Raven Score and Training Time for the two levels of the 
Manipulated Variable. 
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Figure 10. Relationship between Raven Score and Number of Practice Attempts for the 
two levels of the Manipulated Variable. 
 
 

                         
 
Figure 11. Relationship between Raven Score and Practice Phase Performance for the 
two levels of the Manipulated Variable. 



150 

 

                        
 
Figure 12. Relationship between Raven Score and Objectives Completed (1) for the two 
levels of the Manipulated Variable. 
 
 

                        
 
Figure 13. Relationship between Raven Score and Fire Fighting Duration (1) for the two 
levels of the Manipulated Variable. 
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Figure 14. Relationship between Raven Score and Fire Fighting Duration (1) for the two 
levels of the Manipulated Variable. 
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Appendix Ten 
 

Descriptive Statistics 
 

 

 

All values presented in Table 1 were derived from raw (non-transformed) data. 
 
 
Table 1 
 
Descriptive Statistics for each Measured Variable for the two levels of the Manipulated 
Variable  

Measured 
Variable  

Manipulated 
Variable 

Mean 
Score 

Std. 
Error 

Std. Dev. Min. Max. 

WOMBAT Score Level 1 (high)                                                                                  
Level 2 (low)                                                                

245.43 
219.87 

10.95 
14.74 

61.93 
82.09 

108.1 
40.5 

375.9 
350.0 

Raven Score Level 1 (high)                                                                                  
Level 2 (low)                                                                

50.50 
49.87 

.834 
1.08 

4.72 
6.00 

38 
32 

 57 
60 

Training time 
  

Level 1 (high)                                                                                  
Level 2 (low)                                                                

1062.73  
1141.50 

60.02 
82.04 

328.74 
449.33 

652  
674 

1890 
2720 

Number of 
Practice Attempts 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

9.75 
4.16 

.609 

.180 
3.45 
1.00 

5 
2 

22 
7 

Practice Phase 
Performance 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

3.43 
5.82 

.388 

.456 
1.98 
2.50 

0.27 
1.43 

8 
10 

Objectives 
Completed (1) 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

3.15 
2.00 

.548 

.400 
2.80 
2.04 

0 
0 

10 
7 

Objectives 
Completed (2) 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

6.46 
4.29 

.825 

.553 
4.04 
2.71 

1 
0 

16 
11 

Fire Fighting 
Duration (1) 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

355.58 
334.13 

11.16 
9.70 

62.16 
53.13 

286 
188 

480 
451 

Fire Fighting 
Duration (2) 

Level 1 (high)                                                                                  
Level 2 (low)                                                                

450.48 
392.11 

47.98 
20.62 

258.39 
109.13 

305 
287 

1478 
723 
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Appendix Eleven 
 

Results of Analysis of Covariance with Mean Data Imputations 
 

Table 1 
 
Main effect of Task Cognitive Load adjusting for Cognitive Ability  

                                                                                          Performance 

Measured 
Variable  

 DF F p Partial Eta 
Squared 

Objectives 
Completed (1) 

 Between Subjects    

WOMBAT Score 1, 59 21.396 .035 .073 

Raven Score 1, 59 .005 .974 .000 

Cognitive Load 1, 59 12.821 .101 .045 

Objectives 
Completed (2) 

 Between Subjects    

WOMBAT Score 1, 48 .015 .902 .073 

Raven Score 1, 48 2.672 .107 .000 

Cognitive Load 1, 48 1.296 .260 .045 

Fire Fighting 
Duration (1) 

 Between Subjects    

WOMBAT Score 1, 59 .015 .902 .000 

Raven Score 1, 59 2.672 .107 .043 

Cognitive Load 1, 59 1.296 .260 .021 

Fire Fighting 
Duration (2) 

 Between Subjects    

WOMBAT Score 1, 59 6.233 .015 .096 

Raven Score 1, 59 3.685 .060 .059 

Cognitive Load 1, 59 .080 .778 .001 

 
 

Table 2 
 
Main effect of Task Cognitive Load adjusting for WOMBAT Score and Electronic Gaming 
Experience   

                                                                                          Performance 

Measured 
Variable  

 DF F p Partial Eta 
Squared 

Objectives 
Completed (1) 

 Between Subjects    

WOMBAT Score 1, 59 4.703 .034 .074 

Gaming Experience 1, 59 .702 .406 .012 

Cognitive Load 1, 59 2.975 .090 .048 

Objectives 
Completed (2) 

   Between Subjects    

WOMBAT Score 1, 48 .483 .490 .010 

Gaming Experience 1, 48 .104 .749 .002 

Cognitive Load 1, 48 2.295 .136 .046 

Fire Fighting 
Duration (1) 

 Between Subjects    

WOMBAT Score 1, 59 
.710 .403 .012 

Gaming Experience 1, 59 
.131 .719 .002 

Cognitive Load 1, 59 
1.197 .278 .020 

Fire Fighting 
Duration (2) 

 Between Subjects    

WOMBAT Score 1, 59 
9.49 .003 .139 

Gaming Experience 1, 59 
9.11 .004 .134 

Cognitive Load 1, 59 
.180 .673 .003 
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Appendix Twelve 
 

Results of Repeated Measure Analysis of Covariance with Mean Data 
Imputations 

 

 

Table 1 
 
Interaction Effect of Phase and Task Cognitive Load after adjusting for Cognitive Ability 

                                                                                          Performance 

Test Phase  DF F p Partial Eta 
Squared 

Attempt (1)                                                          Within Subjects   

 Phase (practice, test) 1, 57 .163 .688 .003 
 Phase x Workload Condition 1, 57 .099 .754 .002 
 Phase x WOMBAT 1, 57 3.50 .067 .058 
 Phase x Raven 1, 57 .011 .916 .000 
 Phase x Workload Condition 

x WOMBAT Score 
1, 57 .468 .497 .008 

 Phase x Workload Condition 
x Raven Score 

1, 57 .059 .809 .001 

                                                                                                                                                     Between Subjects   

 Cognitive Load 1, 57 .001 .973 .000 
 WOMBAT Score 1, 57 .6.013 .017 .095 
 Raven Score 1, 57 .015 .903 .000 
 Cognitive Load Condition x 

WOMBAT Score 
1, 57 .635 .429 .011 

 Cognitive Load Condition x 
Raven Score 

1, 57 .072 .789 .001 

Attempt (2)                                                          Within Subjects   

 Phase (practice, test) 1, 41 .807 .374 .019 
 Phase x Workload Condition 1, 41 .618 .436 .015 
 Phase x WOMBAT 1, 41 1.280 .265 .030 
 Phase x Raven 1, 41 .736 .396 .018 
 Phase x Workload Condition 

x WOMBAT Score 
1, 41 .675 .416 .016 

                                                                                               Phase x Workload Condition 
x Raven Score 

1, 41 2.086 .156 .048 

                                                       Between Subjects   

Cognitive Load 1, 41 5.176 .028 .112 

WOMBAT Score 1, 41 1.029 .316 .024 
 Raven Score 1, 41 4.042 .051 .090 
 Cognitive Load Condition x 

WOMBAT Score 
1, 41 .094 .761 .002 

 Cognitive Load Condition x 
Raven Score 

1, 41 3.057 .088 .069 
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Table 2  
 
Interaction Effect of Phase and Task Cognitive Load after adjusting for Cognitive Ability 
and Electronic Gaming Experience 

                                                                                          Performance 

  DF F p Partial Eta 
Squared 

Test Phase                                                          Within Subjects   

Attempt (1) Phase (practice, test) 1, 57 3.610 .063 .060 

Phase x Cognitive Load 1, 57 .003 .959 .000 

Phase x WOMBAT 1, 57 6.567 .013 .103 

Phase x Gaming Experience 1, 57 .011 .915 .000 

Phase x Cognitive Load x 
WOMBAT Score 

1, 57 .051 .822 .001 

Phase x Cognitive load x 
Gaming Experience 

1, 57 4.425 .040 .072 

                                                       Between Subjects   

Cognitive Load 1, 57 1.267 .265 .022 

WOMBAT Score 1, 57 8.436 .005 .129 

Gaming Experience 1, 57 2.226 .138 .038 

Cognitive Load x WOMBAT 
Score 

1, 57 .721 .339 .012 

Cognitive Load x Electronic 
Gaming Experience 

1, 57 2.487 .120 .042 

Attempt (2)                                          Within Subjects   

Phase (practice, test) 1, 41 .101 .752 .002 

Phase x Cognitive Load 1, 41 2.846 .099 .065 

Phase x WOMBAT 1, 41 .070 .792 .002 

Phase x Electronic Gaming 
Experience 

1, 41 5.470 .024 .118 

Phase x Cognitive Load x 
WOMBAT Score 

1, 41 .423 .519 .010 

Phase x Cognitive Load x 
Electronic Gaming 
Experience 

1, 41 .130 .720 .003 

                                                       Between Subjects   

Cognitive Load 1, 41 3.348 .075 .075 

WOMBAT Score 1, 41 1.468 .233 .035 

Gaming Experience 1, 41 4.017 .052 .089 

Cognitive Load x WOMBAT 
Score 

1, 41 2.251 .141 .052 

Cognitive Load x Electronic 
Gaming Experience  

1, 41 1.140 .292 .027 
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Appendix Thirteen 

 

Analysis of Covariance Excluding Cases with Missing Data 

 

A13.1 Overview  
 
The results presented in this appendix were derived from statistical tests with cases 

with missing data excluded from analysis. All tests of the statistical assumptions 

required for analysis of covariance and analyses of covariance were conducted in 

accordance with the method used to test for statistical assumptions used in Chapter 

Three. In this appendix, only statistic values which differ from that of the statistic 

values presented in Chapter Three are presented in the following sections. Descriptive 

analysis presented in Chapter Three showed that six variables had missing data: 

Training Time, Practice Phase Performance, Objectives Completed (1) and (2) and Fire 

Fighting Duration (1) and (2). See Chapter Three, section 3.2 Descriptive Statistics, for a 

description of the raw data and section 3.3 Missing Data, for a description of the 

missing data values.   

 

A13.2 Statistical Assumptions Required for Analysis of Variance    
 

A13.2.1. Normality  

Table 1 presents the SPSS derived skewness estimate, Standard Error of the skewness 

estimate and 95% confidence interval for each measured variable for the two levels of 

the manipulated variable.  

 
A13.2.2. Univariate Outliers  
 
Two measured variables were found to have a univariate outlier; these were Training 

Time with a z-score of 3.51 and Fire Fighting Duration (2) with a z-score of 3.98.  
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Table 1 

Results of Normality Assessment for each Measured Variable  

Measured Variable  Manipulated 
Variable 

Skewness 
Value 

Std. 
Error 

95% 
Confidence 
Interval  

Training Time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                              

1.063 
2.069 

.427 

.427 
0.209 to  1.917 
1.215 to 2.923 

Practice Phase 
Performance 

Level 1 (high) 
Level 2 (low)                                                                                                                              

0.421 
0.075 

.456 

.427 
-.491 to 1.333 
-.779 to .929 

Objectives Completed (1) Level 1 (high) 
Level 2 (low)                                                                                                                               

0.781 
0.674 

.456 

.456 
-.031 to 1.593 
-.138 to 1.486 

Objectives Completed (2) Level 1 (high) 
Level 2 (low)                                                                                                                               

1.237 
0.378 

.472 

.472 
0.765 to 1.709 
-0.94 to .850  

Fire Fighting Duration (1) Level 1 (high) 
Level 2 (low)                                                                                                                              

0.720 
1.004 

.421 

.427 
-0.122 to 1.562 
 .150 to 1.858 

Fire Fighting Duration (2) Level 1 (high) 
Level 2 (low)                                                                                                                               

3.043 
1.397 

.434 

.441 
2.175 to 3.991 
0.515 to 1.838 

 
 
A13.2.3. Data Transformations  
 
Table 2 presents the skewness estimate, Standard Error of the skewness estimate and 

95% confidence interval for each measured variable for the two levels of the 

manipulated variable after data transformations were undertaken to satisfy the 

assumptions of normality.  

 

Table 2  
 
Post-transformation Skewness and 95% Confidence Intervals  

Measured Variable  Manipulated 
Variable 

Skewness 
Value 

Std. 
Error 

95% 
Confidence 
Interval  

Training time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.606 
0.686 

.427 

.427 
-.248 to 1.460 
-.168 to 1.540 

Objectives Completed 
(2) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.781 
0.674 

.456 

.456 
-.131 to 1.693 
-.238 to 1.586 

Fire Fighting Duration 
(1) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.670 
0.946 

.421 

.427 
-.172 to 1.512 
-.092 to 1.800 

Fire Fighting Duration 
(2) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

1.269 
0.879 

.434 

.441 
.401 to 2.137 
-.003 to 1.761 
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A13.2.4. Multivariate Outliers 
 
The Nine measured variables used were: WOMBAT Score, Raven Score, Training Time, 

Number of Practice Attempts, Practice Phase Performance, Objectives Completed (1), 

Objectives Completed (2), Fire Fighting Duration (1) and Fire Fighting Duration (2). For 

the nine measured variables listed above, the maximum Mahalanobis Distance value 

was 12.749 for level one of the manipulated variable and 12.572 for level two of the 

manipulated variable, the critical Chi Squared value used to assess significance was 

27.88 with 9 degrees of freedom. Thus, no multivariate outliers were indicated by the 

Mahalanobis distance output as the significance value was larger than the maximum 

Mahalanobis Distance for each level of the manipulated variable.  

 
A13.2.5. Homogeneity of Variance   
 
The Levene’s p-value’s presented in Table 9 show that the null hypothesis could not be 

rejected for the following variables: Practice Phase Performance, Objectives 

Completed (1), Objectives Completed (2), Fire Fighting Duration (1) and Fire Fighting 

Duration (2).  

 
Table 4  
 
P-values for Levene’s Test for Equality of Variances for the two levels of the 
Manipulated Variable   

Measured Variables  
 

Levene’s p-value Equal variance 
assumed  

Training Time  .895 Yes 
Number of Practice Attempts .008 No 
Practice Phase Performance .070 Yes 
Objectives Completed (1) .198 Yes 
Objectives Completed (2) .156 Yes 
Fire Fighting Duration (1) .313 No 
Fire Fighting Duration (2) .742 Yes 

 
 

The results presented in Table 4 show that the null hypothesis could be rejected for 

the variables, Number of Practice Attempts and Fire Fighting Duration (1), which 

indicated that the variables, Number of Practice Attempts and Practice Phase 

Performance may have had unequal variance for the two levels of the manipulated 
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variable. Therefore, the variables Number of Practice Attempts and Fire Fighting 

Duration (1) were excluded from analysis of covariance.  

 

A13.2.6. Relationship between Covariates  
 

The relationship between each covariate and measure of the variable of interest was 

investigated using the Pearson product-moment correlation coefficient and is 

presented in Table 5.  

 
Table 5  
 
Pearson r Correlation Coefficients for the Relationship between the three Covariates 
and measure of Practice Phase and Test Phase Performance  

Measured Variables Electronic Gaming 

Experience 

WOMBAT Score Raven Score 

Practice Phase 

Performance 

Pearson r .490** .184 .136 

Sig. (2-tailed) .000 .175 .319 

N 56 56 56 

Objectives 

Completed (1) 

Pearson r .556** .361** .166 

Sig. (2-tailed) .000 .009 .240 

N 46 52 52 

Objectives 

Completed (2) 

Pearson r .097 .132 .184 

Sig. (2-tailed) .518 .353 .191 

N 47 52 52 

Fire Fighting 
Duration (1) 

Pearson r .241 .149 .246 

Sig. (2-tailed) .079 .252 .056 

N 54 61 61 

Fire Fighting 
Duration (2) 

Pearson r .461** .425** .348** 

Sig. (2-tailed) .001 .001 .008 

N 50 57 57 
**. Correlation is significant at the 0.01 level (2-tailed). 

 
 
 
A13.2.7. Linearity 
 
Linearity was investigated through the examination of scatterplots for each pairing 

between the measured variables and the two continuous covariates (WOMBAT Score 

and Raven Score) for each level of the manipulated variable. The general scatterplot 
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distributions indicated that all pairings between the measured variables and each 

covariate followed a linear relationship for the two levels of the manipulated variable.  

 
A13.2.8. Homogeneity of Regression Slopes  
 
Table 6 presents the p-values for the size of the interaction for the regression slopes; 

which indicated that the null hypothesis could not be rejected for the relationship 

between each covariate and measure of practice phase and test phase performance, 

for the two levels of the manipulated variable.     

 
 
Table 6  
 
P-values for the Interaction of the Regression Slopes between each Covariate and 
Measure of Practice Phase and Test Phase Performance, for the two levels of the 
Manipulated Variable  

Covariate  Measured Variable  p- value 

WOMBAT Score Practice Phase Performance .494 
 Objectives Completed (1) .236 
 Objectives Completed (2) .782 
 Fire Fighting Duration (1) .551 
 Fire Fighting Duration (2) 

 
.542 

Raven Score Practice Phase Performance .839 
 Objectives Completed (1) .305 
 Objectives Completed (2) .095 
 Fire Fighting Duration (1) .318 
 Fire Fighting Duration (2) .891 
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A13.3 Research Questions Answered 
 
A13.3.1. Overview  
 
The following section presents the results of analysis of covariance with cases with 

missing data excluded from analysis to enable a comparison of p-values with the 

results of analysis of covariance with mean imputed data for missing data values. Only 

the test statistics for the interaction effect for phase (i.e., practice and test) and task 

cognitive load adjusting for cognitive ability and the interaction effect for phase and 

task cognitive load adjusting for WOMBAT Score and Electronic Gaming Experience are 

presented; these two analyses were deemed to provide the best overall indication of 

the effect of task cognitive load on the transfer of DDM performance between the 

practice phase and test phase.  

 

A13.3.2 .Interaction Effect for Phase and Task Cognitive Load adjusting for Cognitive 
Ability 
 

Table 7  

Interaction Effect of Phase and Task Cognitive Load after adjusting for Cognitive Ability 

                                                                                          Performance 

Test Phase  DF F p Partial Eta 
Squared 

Attempt (1) 
                                                                                              

                                                         Within Subjects   

Phase (practice, test) 1, 40 .599 .443 .015 

Phase x Workload Condition 1, 40 1.555 .220 .037 

Phase x WOMBAT 1, 40 1.458 .234 .035 

Phase x Raven 1, 40 2.406 .129 .057 

Phase x Workload Condition 
x WOMBAT Score 

1, 40 .202 .655 .005 

Phase x Workload Condition 
x Raven Score 

1, 40 .800 .377 .020 

                                                       Between Subjects   

Cognitive Load 1, 40 .218 .643 .005 

WOMBAT Score 1, 40 5.572 .023 .122 

Raven Score 1, 40 .450 .506 .011 

Cognitive Load Condition x 
WOMBAT Score 

1, 40 1.554 .220 .037 

Cognitive Load Condition x 
Raven Score 

1, 40 .014 .908 .000 
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Continued. 

Attempt (2) 
                                                                                               

  Within Subjects    

Phase (practice, test) 1, 41 .807 .374 .019 

Phase x Workload Condition 1, 41 .618 .436 .015 

Phase x WOMBAT 1, 41 1.280 .265 .030 

Phase x Raven 1, 41 .736 .396 .018 

Phase x Workload Condition 
x WOMBAT Score 

1, 41 .675 .416 .016 

Phase x Workload Condition 
x Raven Score 

1, 41 2.086 .156 .048 

                                                       Between Subjects   

Cognitive Load 1, 41 5.176 .028 .112 

WOMBAT Score 1, 41 1.029 .316 .024 

Raven Score 1, 41 4.042 .051 .090 

Cognitive Load Condition x 
WOMBAT Score 

1, 41 .094 .761 .002 

Cognitive Load Condition x 
Raven Score 

1, 41 3.057 .088 .069 

 

 

Table 8  

Overall Effect of Phase and Task Cognitive Load after adjusting for WOMBAT Score and 

Electronic Gaming Experience 

                                                                                          Performance 

  DF F p Partial Eta 
Squared 

Test Phase                                                          Within Subjects   

Attempt (1) Phase (practice, test) 1, 40 4.668 .037 .105 

Phase x Cognitive Load 1, 40 2.002 .165 .048 

Phase x WOMBAT 1, 40 1.469 223 .035 

Phase x Gaming Experience 1, 40 3.635 064 .083 

Phase x Cognitive Load x 
WOMBAT Score 

1, 40 .402 .530 .010 

Phase x Cognitive load x 
Gaming Experience 

1, 40 3.568 .066 .082 

                                                        Between Subjects   

Cognitive Load 1, 40 3.324 .076 .077 

WOMBAT Score 1, 40 6.437 .015 .139 

Gaming Experience 1, 40 3.855 .057 .088 

Cognitive Load x WOMBAT 
Score 

1, 40 1.940 .171 .046 

Cognitive Load x Electronic 
Gaming Experience 

1, 40 .128 .722 .003 
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Continued. 
Attempt (2)                                                          Within Subjects  

Phase (practice, test) 1, 41 .101 .752 .002 

Phase x Cognitive Load 1, 41 2.846 .099 .065 

Phase x WOMBAT 1, 41 .070 .792 .002 

Phase x Electronic Gaming 
Experience 

1, 41 5.470 .024 .118 

Phase x Cognitive Load x 
WOMBAT Score 

1, 41 .423 .519 .010 

Phase x Cognitive Load x 
Electronic Gaming 
Experience 

1, 41 .130 .720 .003 

                                                       Between Subjects  

Cognitive Load 1, 41 3.348 .075 .075 

WOMBAT Score 1, 41 1.468 .233 .035 

Gaming Experience 1, 41 4.017 .052 .089 

Cognitive Load x WOMBAT 
Score 

1, 41 2.251 .141 .052 

Cognitive Load x Electronic 
Gaming Experience  

1, 41 1.140 .292 .027 
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Appendix Fourteen 
 

Analysis of Covariance with Expectation Maximisation imputed Data 
 

A14.1 Overview  
 

The results presented in this appendix were derived from statistical tests with data 

imputations estimated via the SPSS statistical procedure called Missing Value Analysis 

and the Expectation Maximisation (EM) data imputation function. EM uses two steps 

to estimate missing data. EM (1) uses the observed data to make estimations about 

the missing data (e.g., via correlation matrices) and (2) performs maximum likelihood 

estimation until convergence is achieved (Tabachnick & Fidell, 1996). Tabachnick and 

Fidell (1996) warned that EM does not add error to the imputed data set which can 

lead to biased test results, and that therefore inferential statistics derived from a data 

set completed using EM should be interpreted with caution.  

 

All tests of the statistical assumptions required for analysis of covariance were 

conducted in accordance with the method of testing for statistical assumptions used in 

Chapter Three. In this appendix, only statistic values which differ from that of the 

statistic values presented in Chapter Three are presented. Descriptive analysis 

presented in Chapter Three showed that six variables had missing data: Training Time, 

Practice Phase Performance, Objectives Completed (1) and (2) and Fire Fighting 

Duration (1) and (2). See Chapter Three, section 3.2 Descriptive Statistics, for a 

description of the raw data and section 3.3 Missing Data, for a description of the 

missing data values.   

 

A14.2 Statistical Assumptions Required for Analysis of Variance    
 

A14.2.1. Normality  

Table 1 presents the SPSS derived skewness estimate, Standard Error of the skewness 

estimate and 95% confidence interval for each measured variable for the two levels of 

the manipulated variable.  
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Table 1 

Results of Normality Assessment for each Measured Variable  

Measured Variable  Manipulated 
Variable 

Skewness 
Value 

Std. 
Error 

95% Confidence 
Interval  

Training Time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                              

1.027 
2.046 

.414 

.421 
0.199 to 1.855 
1.204 to 2.888 

Practice Phase 
Performance 

Level 1 (high) 
Level 2 (low)                                                                                                                              

0.660 
0.090 

.414 

.421 
-0.168 to 1.488 
-0.752 to 0.932 

Objectives Completed 
(1) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.898 
0.468 

.414 

.421 
0.70 to 1.726 
-0.374 to 1.310 

Objectives Completed 
(2) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

1.485 
0.328 

.414 

.421 
 -0.356 to 2.313 
-0.514 to 1.170 

Fire Fighting Duration 
(1) 

Level 1 (high) 
Level 2 (low)                                                                                                                              

0.728 
1.021 

.414 

.421 
-0.100 to 1.556 
0.179 to 1.863 

Fire Fighting Duration 
(2) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

3.131 
1.252 

.414 

.421 
2.303 to 3.959 
0.410 to 2.094 

 
 
A14.2.2. Univariate Outliers  
 
Two measured variables were found to have a univariate outlier; these were Training 

Time, Case 40 with a z-score of 3.54 and Fire Fighting Duration (2), Case 2 with a z-

score of 3.07 and Case 49 with a z-score of 4.16.  

 

A14.2.3. Data Transformations  
 
Table 2 presents the skewness estimate, Standard Error of the skewness estimate and 

95% confidence interval for each measured variable for the two levels of the 

manipulated variable after data transformations were undertaken to satisfy the 

assumptions of normality.  

 

Table 2  
Post-transformation Skewness and 95% Confidence Intervals  

Measured Variable  Manipulated 
Variable 

Skewness 
Value 

Std. 
Error 

95% 
Confidence 
Interval  

Training time 
  

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.526 
0.647 

.414 

.421 
-0.302 to 1.354 
-0.195 to 1.489 

Fire Fighting Duration 
(1) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.617 
0.901 

.414 

.421 
-0.211 to 1.445 
0.059 to 1.743 

Fire Fighting Duration 
(2) 

Level 1 (high) 
Level 2 (low)                                                                                                                               

0.958 
0.260 

.414 

.421 
0.134 to 1.786 
-0.582 to 1.102 
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A14.2.4. Multivariate Outliers  
 
The Nine measured variables used were: WOMBAT Score, Raven Score, Training Time, 

Number of Practice Attempts, Practice Phase Performance, Objectives Completed (1), 

Objectives Completed (2), Fire Fighting Duration (1) and Fire Fighting Duration (2). For 

the nine measured variables listed above, the maximum Mahalanobis Distance value 

was 21.186 for level one of the manipulated variable and 19.621 for level two of the 

manipulated variable, the critical Chi Squared value used to assess significance was 

27.88 with 9 degrees of freedom. Thus, no multivariate outliers were indicated by the 

Mahalanobis distance output as the significance value was larger than the maximum 

Mahalanobis Distance for each level of the manipulated variable.  

 
A14.2.5. Homogeneity of Variance   
 
The Levene’s p-value’s presented in Table 3 show that the null hypothesis could not be 

rejected for the following variables: Training Time, Objectives Completed (1), 

Objectives Completed (2) and Fire Fighting Duration (2).  

 
Table 3 
 
P-values for Levene’s Test for Equality of Variances for the two levels of the 
Manipulated Variable   

Measured Variables  
 

Levene’s p-value Equal Variance 
Assumed  

Training Time  .681 Yes 
Practice Phase Performance .027 No 
Objectives Completed (1) .932 Yes 
Objectives Completed (2) .555 Yes 
Fire Fighting Duration (1) .043 No 
Fire Fighting Duration (2) .882 Yes 

 
The results presented in Table 3 show that the null hypothesis could be rejected for 

the variables, Practice Phase Performance and Fire Fighting Duration (1), which 

indicated that these variables may have had unequal variance for the two levels of the 

manipulated variable. Therefore, further transformations were undertaken to achieve 

Equality of Variances for the two levels of the Manipulated Variable.   
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The distribution of the variable Practice Phase Performance was normalised with a 

square root statistical transformation. After transformation, Levene’s Test for Equality 

of Variances (Levene’s p-value = .608) showed that the null hypothesis of equal 

variance could no longer be rejected for the variable Practice phase Performance; thus, 

no further data transformations were conducted. Because repeated measure analysis 

of covariance was not planned for the measured variable Fire Fighting Duration (1), 

data transformations were not undertaken achieve the assumption of homogeneity of 

variance with this variable and the variable was excluded from analysis of covariance.  

 
A14.2.6. Relationship between Covariates  
 

The relationship between each covariate and measure of the variable of interest was 

investigated using the Pearson product-moment correlation coefficient and is 

presented in Table 5.  

 
Table 5  
 
Pearson r Correlation Coefficients for the Relationship between the three Covariates 
and measure of Practice Phase and Test Phase Performance  

Measured Variables Electronic Gaming 
Experience 

WOMBAT Score Raven Score 

Practice Phase 
Performance 

Pearson r .419** .195 .145 

Sig. (2-tailed) .001 .127 .256 

N 63 63 63 

Objectives 
Completed (1) 

Pearson r .252* .356** .097 

Sig. (2-tailed) .046 .004 .450 

N 63 63 63 

Objectives 
Completed (2) 

Pearson r .464** .454** .309* 

Sig. (2-tailed) .000 .000 .014 

N 63 63 63 

Fire Fighting 
Duration (2) 

Pearson r .355** .369** .396** 

Sig. (2-tailed) .004 .003 .001 

N 63 63 63 
**. Correlation is significant at the 0.01 level (2-tailed). 
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A14.2.7. Linearity 
 
Linearity was investigated through the examination of scatterplots for each pairing 

between the measured variables and the two continuous covariates (WOMBAT Score 

and Raven Score) for each level of the manipulated variable. The general scatterplot 

distributions indicated that all pairings between the measured variables and each 

covariate followed a linear relationship for the two levels of the manipulated variable.  

 

 

A14.2.8. Homogeneity of Regression Slopes  
 

Table 6 presents the p-values for the size of the interaction for the regression slopes; 

which indicated that the null hypothesis could not be rejected for the relationship 

between each covariate and measure of practice phase and test phase performance, 

for the two levels of the manipulated variable.    

 
Table 6  
 
P-values for the Interaction of the Regression Slopes between each Covariate and 
Measure of Practice Phase and Test Phase Performance, for the two levels of the 
Manipulated Variable  

Covariate  Measured Variable  p- value 

WOMBAT Score Practice Phase Performance .509 
 Objectives Completed (1) .670 
 Objectives Completed (2) .480 
 Fire Fighting Duration (2) 

 
.557 

Raven Score Practice Phase Performance .987 
 Objectives Completed (1) .979 
 Objectives Completed (2) .494 
 Fire Fighting Duration (2) .272 
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A14.3 Research Questions Answered 
 

 
A14.3.1. Overview  
 
The following section presents the results of analysis of covariance with missing data 

values imputed with the SPSS the Expectation Maximisation (EM) data imputation 

function. Only the test statistics for the interaction effect for phase (i.e., practice and 

test) and task cognitive load adjusting for cognitive ability and the interaction effect for 

phase and task cognitive load adjusting for WOMBAT Score and Electronic Gaming 

Experience are presented (see Table 7 and Table 8); these two analyses were deemed 

to provide the best overall indication of the effect of task cognitive load on the transfer 

of DDM performance between the practice phase and test phase.  

 

Table 7  

 

Overall Effect of Phase and Task Cognitive Load after adjusting for Cognitive Ability 

                                                                                          Performance 

Test Phase  DF F p Partial Eta 
Squared 

Attempt (1)    Within Subjects    

 Phase (practice, test) 1, 57 .026 .874 .0001 
 Phase x Workload Condition 1, 57 .012 .915 .0001 
 Phase x WOMBAT 1, 57 5.958 .018 .095 
 Phase x Raven 1, 57 .569 .454 .010 
 Phase x Workload Condition x 

WOMBAT Score 
 

1, 57 
 

.056 
 

.814 
 

.001 
 Phase x Workload Condition x 

Raven Score 
1, 57 .0001 .988 .0001 

                                                                                                                                                             Between Subjects   

 Cognitive Load 1, 57 .022 .883 .0001 
 WOMBAT Score 1, 57 8.124 .006 .125 
 Raven Score 1, 57 .178 .674 .003 
 Cognitive Load Condition x 

WOMBAT Score 
1, 57 .215 .645 .004 

 Cognitive Load Condition x 
Raven Score 

1, 57 .004 .949 .0001 
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Continued. 

Attempt (2) 
                                                                                               

   Within Subjects    

Phase (practice, test) 1, 57 .1.659 .203 .028 

Phase x Workload Condition 1, 57 .487 .488 .008 

Phase x WOMBAT 1, 57 7.418 .009 .115 

Phase x Raven 1, 57 1.340 .252 .023 

Phase x Workload Condition x 
WOMBAT Score 

 
1, 57 

 
.090 

 
.765 

 
.002 

Phase x Workload Condition x 
Raven Score 

1, 57 .548 .462 .010 

                                                       Between Subjects   

Cognitive Load 1, 57 .578 .450 .010 

WOMBAT Score 1, 57 8.812 .004 .134 

Raven Score 1, 57 1.200 .278 .021 

Cognitive Load Condition x 
WOMBAT Score 

 
1, 57 

 
.217 

 
.643 

 
.004 

Cognitive Load Condition x 
Raven Score 

1, 57 .303 .584 .005 

 

 

 

 

Table 8  

Overall Effect of Phase and Task Cognitive Load after adjusting for Cognitive ability and 

Electronic Gaming Experience 

                                                                                          Performance 

  DF F p Partial Eta 
Squared 

Test Phase                                                                 Within Subjects   

Attempt (1) Phase (practice, test) 1, 57 3.270 .076 .054 

Phase x Cognitive Load 1, 57 .0001 .987 .0001 

Phase x WOMBAT 1, 57 5.756 .020 .092 

Phase x Gaming Experience 1, 57 .496 .484 .009 

Phase x Cognitive Load x 
WOMBAT Score 

 
1, 57 

 
.075 

 
.785 

 
.001 

Phase x Cognitive load x 
Gaming Experience 

1, 57 1.254 .267 .022 

                                                               Between Subjects   

Cognitive Load 1, 57 1.386 .244 .024 

WOMBAT Score 1, 57 7.582 .008 .117 

Gaming Experience 1, 57 4.306 .043 .070 

Cognitive Load x WOMBAT 
Score 

 
1, 57 

 
.806 

 
.373 

 
.014 

Cognitive Load x Electronic 
Gaming Experience 

1, 57 .615 .436 .011 
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Continued.  
Attempt (2)                                                                Within Subjects  

Phase (practice, test) 1, 57 1.138 .291 .020 

Phase x Cognitive Load 1, 57 .726 .398 .013 

Phase x WOMBAT 1, 57 10.217 .002 .152 

Phase x Electronic Gaming 
Experience 

 
1, 57 

 
11.392 

 
.001 

 
.167 

Phase x Cognitive Load x 
WOMBAT Score 

1, 57 2.109 .152 .036 

Phase x Cognitive Load x 
Electronic Gaming Experience 

1, 57 .290 .592 .005 

                                                       Between Subjects   
Cognitive Load 1, 57 3.180 .083 .052 

WOMBAT Score 1, 57 11.800 001 .172 

Gaming Experience 1, 57 17.671 .000 .237 

Cognitive Load x WOMBAT 
Score 

1, 57 3.362 .072 .056 

Cognitive Load x Electronic 
Gaming Experience  

1, 57 .122 .729 .002 

 
 
 
 
 
  
 

 


