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Action videogames impart cognitive benefits, particularly in visuospatial speed of 

processing. The present study aimed to determine whether playing a spatially-

demanding, fast-paced videogame improves mental rotation skills in a sample of older 

adults without prior gaming experience. Older adults (n = 17) played an action 

videogame (Crazy Taxi) at home, for a total of 60 hours. Mental rotation skills were 

assessed prior to training (baseline), immediately after training (post-test), and three 

months following post-test (follow-up). Results of the Crazy Taxi group were compared 

to those of a spatial-skills training group (inSight, n = 18), and a no-contact control 

group (n = 19). Consistent with study hypotheses, Crazy Taxi participants evidenced 

more efficient mental rotation skills at follow-up. Mental rotation ability has been linked 

with generalized visuospatial processing speed, as well as real-world skills like way-

finding. Future work should examine whether videogame benefits to mental rotation 

skills translate to improvements in these real-world outcomes.   
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CHAPTER 1 
STATEMENT OF THE PROBLEM 

The present study sought to extend the growing body of research on video-game 

based interventions aimed at ameliorating age-related decline in visuospatial processing 

and speed (e.g., Belchior et al., in press; Basak et al., 2008). While most videogame-

based interventions have focused on improving the useful field of view, or the spatial 

distribution of visual attention (Green & Bavelier, 2003; 2006; e.g., Ball et al., 2002; 

Belchior et al., under review), the present study aimed to investigate videogame 

engagement effects on more complex spatial reasoning, namely the “efficiency of 

mental representation and manipulation” (Sharps, 1977, p. 289) as captured by mental 

rotation abilities (e.g., Boot et al., 2008; Feng et al., 2007) in an older adult sample. In 

addition, the present study will examine the confidence-performance relationship (e.g., 

the extent to which participants’ confidence judgments correlate with their performance) 

in older adults, working under the hypothesis that effective interventions should improve 

confidence and its relationship with performance (Bandura, 1989). There are several 

premises guiding the current investigation: 

 Mental rotation captures age-sensitive cognitive abilities, such as spatial 
reasoning and visuospatial processing speed (Berg et al., 1982; Sharps, 1997), 
and declines in mental rotation may relate to declines in functional abilities (e.g., 
Malinowski, 2001). 

 In addition to practice and conventional task-specific interventions (e.g., 
McCarthy, 2010; Schaie & Willis, 1986), mental rotation skills might be improved 
by engaging in videogame play (e.g., Boot et al., 2008; Feng et al., 2007). 

 There is evidence to support the idea that effective interventions also boost self-
evaluative factors, such as self-efficacy and internal locus of control, in older 
adults (Cavallini, Pagnin & Vecchi, 2003; Dittmann-Kohli et al., 1991; Lachman et 
al., 1992; Wolinsky et al., 2009), which suggests that older adults’ self-evaluation 
can be improved in age-sensitive domains (e.g., memory). 
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The mental rotation paradigm introduced by Shepard & Metzler (1971) is 

computerized, and entails deciding whether two simultaneously-presented figures are 

identical, or mirror images (Figure 3-2). This paradigm is thought to capture aspects of 

visuospatial processing speed -- specifically the slope of analog mental rotation (the 

time it takes to mentally rotate a figure), which is derived mathematically by plotting the 

angle difference between the two images against response time (Figure 1-1). Shepard 

& Metzler (1971) reported that a bigger angle differences was associated with more 

time taken to respond, resulting in a linear function they termed the slope of analog 

mental rotation. Thus, steeper slopes are indicative of better performance, as they result 

from faster analog mental rotation (i.e., more degrees per second). In addition to analog 

mental rotation, the task also involves processes such as visual encoding, comparison 

via visual scanning, and motor response, as well as metacognitive phenomena, such as 

confidence judgments, relating to post-rotational decision-making (Hertzog & Rypma, 

1991; Shepard & Metzler, 1971). A number of studies have reported age differences 

favoring younger adults on this paradigm (in the presence of equivalent accuracy), 

suggesting that the paradigm captures age-related declines in constituent skills, such as 

processing speed (Berg et al., 1982; Sharps, 1997).  

Fortunately, older adults’ mental rotation skills (e.g., slope of analog mental 

rotation) can be improved through practice and targeted interventions (Berg et al., 1982; 

McCarthy, 2010; Schaie & Willis, 1986), and a recent study by Boot et al. (2008) 

reported transfer of benefits from videogame engagement to mental rotation skills in a 

young adult sample. Mental rotation abilities are thought to relate to everyday 

visuospatial skills like mobility and navigation (Malinowski, 2001), which are impaired in 
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older adults (Moffatt, 2009). Thus, the bolstering of abilities utilized to perform mental 

rotation may delay age-related declines in functioning. From a methodological 

perspective, evidence of transfer of benefits from videogame engagement to mental 

rotation in older adults would support the scope and versatility of videogames as a 

cognitive intervention in this population (Belchior et al., in press; Hertzog, Kramer, 

Wilson & Lindenberger, 2008).  

As noted above, a common approach to assessing mental rotation skills involves 

the computerized presentation of pairs of figures. In each trial, participants judge 

whether one three-dimensional figure is a rotated or mirror-image-reflected version of 

the target figure. Given the structured, trial-by-trial nature of the computerized 

administration of this task, computerized mental rotation paradigms are well-suited for 

the investigation of the relationship between performance and metacognitive self-

assessment variables, such as confidence. Following each rotation trial, participants 

can immediately be asked about their confidence that their chosen response was 

correct.  

The importance of confidence or self-efficacy in abilities has been highlighted by 

Bandura’s (1986) Social Cognitive theory, in which he proposed that human functioning 

is the product of a reciprocal determinism between personal (e.g., self-efficacy), 

behavioral (e.g., performance), and environmental influences. Working from this 

premise, Bandura (1989) postulated that effective cognitive interventions would not only 

improve the target skills, but also bolster older adults’ confidence in their cognitive 

abilities. This would be a desirable outcome given findings from the memory literature 

suggesting that even when older adults successfully learn a new strategy, they often do 
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not employ it due to low confidence (Touron & Hertzog, 2004). Furthermore, findings 

from studies of gender differences have shown that men outperform women on mental 

rotation, and that they also have more accurate perceptions of own ability as assessed 

by confidence judgments, suggesting that not only level, but also veridicality of self-

assessment is associated with better performance (Cooke-Simpson & Voyer, 2007). 

The veridicality of confidence in ability is of relevance on a task that assesses age-

sensitive abilities, such as mental rotation. That is, older adults may have experienced 

more failures on tasks that enlist abilities such as visuospatial processing and it is 

possible that such experiences lead to disproportionate and detrimental decreases in 

confidence. Indeed, in the perceptual domain overall (i.e., when people are asked to 

rely on their senses), a common finding is that of underconfidence in abilities (e.g., 

Baranski & Petrusik, 1994).  

Fortunately, there is evidence from intervention work that training can boost 

efficacy and improve the veridicality of self-assessment. For example, increases in self-

efficacy have been noted in older adults subsequent to interventions for improving 

memory performance (e.g., Valentijn et al., 2005), and  studies have reported more 

veridical self-assessment following training, as well as following increased exposure to a 

task (e.g., Hertzog, Dixon, & Hultsch, 1990). In a related domain, Wolinsky and 

colleagues (2009) have reported improvements in older adults’ internal locus of control 

(a concept related to self-efficacy) following reasoning and speed of processing 

interventions. While these findings are promising, little is known regarding the 

performance-confidence relationship in the context of spatial reasoning/efficiency tasks, 

such as mental rotation, in older adults. 
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The purpose of the present study was to investigate the effects of spatially-

demanding videogame engagement on mental rotation performance, on confidence, 

and on the performance-confidence relationship, in an older adult sample. Innovations 

of the present study include, a) the examination of the effects of videogame 

engagement on mental rotation skills in older adults; b) the examination of the 

performance-confidence relationship in the context of mental rotation, including 

examination of individual differences in this relationship; and, c) the examination of 

intervention effects on the performance-confidence relationship.  

The present study sought to examine the following specific aims: 

1.1. To examine individual differences in mental rotation performance, namely  
overall task response time, accuracy, and the speed of analog mental rotation.  

A. Hypotheses: 

i) Older age will be associated with poorer mental rotation performance.  

ii) Men are expected to outperform women. 

iii) Better vision will be associated with better mental rotation performance. 

iv) Better performance on other visuospatial (e.g., Block design, Judgment of 
Line Orientation) and visual attention (e.g., useful field of view) measures will 
be associated with better mental rotation performance (Table 3.1 for a list of 
predictor measures). 

1.2. To examine individual differences in confidence and the veridicality of 
confidence judgments (i.e., relative accuracy, Methods). 

B. Hypothesis: 

i) Men are expected to have more accurate perceptions of their performance 
(e.g., Cooke-Simpson & Voyer, 2007). 

2. To determine how mental rotation performance is affected by engagement in a 
commercial, spatially-demanding driving videogame (Crazy Taxi, Acclaim, 2001), 
and a visual skills training game suite (InSight, PositScience Corporation, 2007), 
relative to a no-contact control group. 

C. Hypotheses: 
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i) Mental rotation performance, namely overall response time, accuracy, and 
speed of analog mental rotation, will improve as a consequence of videogame 
engagement. Concretely, response time will decrease indicating faster 
responding, accuracy will improve, and slope of analog mental rotation will 
become steeper, suggesting that each angle of rotation will become less 
costly in terms of time expended. 

ii) Mental rotation performance will improve as a consequence of visual skills 
training engagement. 

iii) Improvements in trained groups will exceed those in the control group (i.e., 
practice effects). 

3. To determine how mental rotation-specific confidence and relative accuracy of 
confidence judgments (i.e., performance-confidence relationship) is affected by 
videogame play, relative to visual skills training and practice effects.  

D. Hypotheses: 

i) Average confidence across items will increase due to training. 

ii) Relative accuracy of confidence judgments will increase over time. 

iii) There will be an intervention group by time interaction, such that the 
confidence-performance relationship will increase the most in the training 
groups. 
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Figure 1-1. Slope of analog mental rotation for one participant from the current study 

sample. 
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CHAPTER 2 
LITERATURE REVIEW 

Overview 

With advances in technology that have brought the videogame arcade into the 

home, a growing body of research has been exploring the potential of videogame play 

as a means of boosting the cognitive skills of older adults (e.g., Basak, Boot, Voss, & 

Kramer, 2008; Belchior et al., under review; Clark, Lanphear, & Riddick, 1987; Dustman 

et al., 1992). Age-related declines in visual attention and spatial reasoning are 

associated with impaired navigation and driving ability (Clay et al., 2006; Moffatt, 2009). 

For this reason, these cognitive skills are specifically targeted by studies of action 

videogame engagement (Belchior et al., in press), in light of findings that action 

videogames can improve these skills in younger adults (e.g., Feng, Spence, & Pratt, 

2007; Green & Bavelier, 2003; 2006). In the context of this body of work, visual attention 

has most frequently been assessed with the useful field of view task (UFOV; Ball & 

Owsley, 1993), a measure of the spatial distribution of visual attention. With respect to 

spatial reasoning, one way to assess skills in this domain is via mental rotation tasks 

(e.g., Shepard & Metzler, 1971; Vanderberg & Kuse, 1978), which was the focus of the 

present study. In parallel with studies of training UFOV, studies have shown that older 

adults’ mental rotation abilities can be improved through targeted training (e.g., 

McCarthy, 2010; Schaie & Willis, 1986) and that videogames can boost these skills in 

younger adults (Feng et al., 2007). No studies to date, however, have examined 

whether action videogames could also improve the mental rotation skills of older adults.   

Videogame-based interventions complement and build on a body of work 

employing targeted skill training to ameliorate declines in domains such as memory, 
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processing speed, and spatial reasoning (Jobe et al., 2001; Schaie & Willis, 1986; 

Hertzog et al., 2009). Results from these studies suggest that training is beneficial for 

the cognitive domains trained (Ball et al., 2002; Schaie & Willis, 1986), and that higher 

dosages confer additional benefits (Willis et al., 2006). Thus, part of the motivation for 

the investigation of the benefits of videogame play regards the potential of videogames 

to be a high-dosage, cost-effective, and fun way to boost cognitive skills at home 

(Belchior et al., under review; Hertzog et al., 2009). In addition to positive gains in 

cognition, there is evidence that interventions have the potential to improve older-adults’ 

sense of self-efficacy, or confidence in their abilities (e.g., Dittman-Kohli et al., 1991; 

Wolinsky et al., 2009). Given that self-reported difficulty in daily functioning is often the 

impetus for the initiation of supportive services and is strongly related to loss of 

independence (Diehl, 1998; Miller & Weissert, 2000; Wolinsky, Callahan, Fitzgerald, & 

Johnson, 1993; Wolinsky et al., 2007), coupled with the finding that older adults lacking 

in efficacy may avoid using helpful strategies to support cognitive function (e.g., Touron 

& Hertzog, 1990), it would be important to establish whether videogame engagement 

confers self-evaluative benefits in addition to those in cognition. Thus, the present study 

will also focus on the impact that videogame play has on older adults’ mental rotation-

related self-efficacy, as reflected in trial-by-trial confidence judgments. 

The present study aimed to investigate the effects of a spatially-demanding 

videogame engagement on the mental rotation abilities and mental-rotation related 

confidence in a sample of healthy, community-dwelling older adults. Participants playing 

the videogame, Crazy Taxi, were compared to those engaged in game-like training 

specifically designed to improve visuospatial skills (InSight), which was 
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conceptualized as the “gold standard” comparison group, as well as to a no-contact 

control group. This study builds on prior work by Belchior et al. (in press), who reported 

improvements in older adults’ useful field of view (UFOV; Ball & Owsley, 1993), a 

measure of the spatial distribution of visual attention, following 10 hours of lab-based 

action videogame play. In addition, this study also builds on the work of Feng and 

colleagues (2007) who found that action videogame play improved both UFOV and 

mental rotation skills in younger adults. Finally, the present study builds on the work of 

Cooke-Simpson and Voyer (2007) who examined the relationship between performance 

on a mental rotation paradigm and confidence, in a sample of younger adults.  

The present study is the first to examine the effects of action videogame 

engagement on the mental rotation ability and related confidence, in an older adult 

sample. The following sections describe mental rotation, highlighting relevant findings to 

date, and detail the clinical relevance of mental rotation skills. Further, in what follows, 

methods of assessing confidence in ability, relevant findings in the domain of self-

efficacy and confidence and the clinical relevance of confidence, particularly in the 

context of aging, are discussed. 

Mental Rotation: What is it and how is it Assessed? 

Mental rotation paradigms (e.g., Shepard & Metzler, 1971; Vandenberg & Kuse, 

1978), initially introduced by Shepard & Metzler (1971), have been traditionally used to 

assess spatial reasoning (e.g., Schaie & Willis, 1986) -- one of the Primary Mental 

Abilities identified by Thurstone (1938). Participants are presented with shapes in 

different spatial orientations and asked whether the shapes are identical, or mirror 

images of one other (Figure 3-2). In order to make this judgment, participants must form 

a visual image of one shape, mentally rotate it and compare it to the target shape. 
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Shepard & Metzler (1971) found that response time on this task increases in a linear 

fashion with the angle difference between the two shapes. According to these authors’ 

formulation, if the trial response time is regressed on the angle difference, the resulting 

function represents the slope of analog mental rotation, which can be understood as the 

mental equivalent of manual object rotation. Shepard & Metzler (1971) proposed that 

the mental rotation task as a whole entails four serial steps: (1) stimulus encoding; (2) 

analog mental rotation of stimuli into congruence (captured by the slope function); (3) 

comparison of analog representations; and (4) motor response. Breaking these 

processes down into more discrete cognitive operations, it appears that the mental 

rotation task involves: (1) the formation of mental images of the stimuli (both of the 

target and of the to-be-rotated figure), which effectively entails encoding patterns in 

visuospatial working memory (Baddeley & Hitch, 1971), (2) “analog” rotation of one 

shape into congruence with the other (captured by the slope function), (3) visual 

scanning between the two figures to refresh visual representations as well as to verify 

presence or absence of congruence. As such, this step may overlap with (4) decision 

regarding congruence (i.e., same/different judgment), which is followed by the (5) motor 

response. Thus, in the words of Sharps (1975), mental rotation can be conceived of as 

assessing, “the efficiency of visuospatial representation and manipulation” (Sharps, 

1975, p. 289). Under this formulation, analog mental rotation as captured by the slope 

function (response time regressed on angle difference), is only a portion of what would 

be captured by the overall task response time. 

A number of studies examining the mental rotation ability of older adults have 

reported that both the overall response time for the task, as well as the speed of analog 
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mental rotation increase with age (Berg, Hertzog, & Hunt, 1982; Gaylord & Marsh, 1975; 

Hertzog & Rypma, 1991; Sharps & Gollin, 1987). Sharps (1977) argued that worse 

performance on the part of older adults stems from “generalized slowing” with age (e.g., 

Salthouse, 1993). His assertion stems from the finding that older adults can be as 

accurate as younger adults in the absence of time-pressure (Sharps, 1997). Another 

robust finding in the mental rotation literature is that of more accurate performance by 

men relative to women (e.g., Cooke-Simpson & Voyer, 2007; Linn & Petersen, 1985), 

which has been used as evidence of superior spatial skills in males. 

Mental Rotation: Association with Real-World Skills 

While mental rotation paradigms have yielded consistent findings in the 

laboratory, in order to demonstrate functional and clinical utility of improving these skills 

via training, it is important to link them to everyday outcomes. To this end, it has been 

proposed that the skills involved in mental rotation tasks are needed for the successful 

navigation within the environment (Shepard & Cooper, 1982). This proposal can be 

supported on theoretical grounds, given that mental rotation requires visualization and 

mental manipulation and skills that have been shown to decline in older adults require 

similar abilities. Specifically, older adults have been shown to misinterpret distances, 

misestimate angles and to report deficits in allocentric (i.e., self-in-world, map-based) 

navigation (Moffatt, 2009).  

Two studies, both of which were aimed at exploring gender differences in 

visuospatial ability, have examined the relationship between mental rotation and real 

world navigation ability empirically (Malinoswki, 2001; Montello, Lovelace, Golledge, & 

Self, 1999). Montello and colleagues administered a mental rotation paradigm 

(Vandenberg & Kuse, 1978) to adults aged 19 to 79 years, and tested them on campus 
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walking and map-making ability. They found that men outperformed women on the 

mental rotation task, as well as on a test of newly acquired knowledge of the campus 

from direct experience. Furthermore, males estimated distances along the route, and 

straight-line direction form the end to the start more accurately than females (Montello 

et al., 1999). A similar set of findings emerged from Malinoswki (2001), who correlated 

mental rotation skills (Vandenberg & Kuse, 1978) with time and accuracy on a 6 km 

orienteering task involving navigation. In this study, scores on the mental rotation task 

were moderately and significantly correlated with success on the orienteering task, and 

when controlling for gender, the correlation between orienteering time and mental 

rotation scores was -.19. In sum, these studies, although not focused on the abilities of 

older adults per se, provide some evidence that the laboratory-based mental rotation 

paradigms assess skills relevant for functioning in the real world, that have been shown 

to decline with age. 

Mental Rotation: Intervention Findings 

In line with findings from interventions to improve memory, reasoning and visual 

processing speed, studies aimed at improving older adults’ mental rotation skills through 

targeted training have reported positive results (Schaie & Willis, 1986; McCarthy, 2010; 

Willis & Schaie, 1988) suggesting that these skills are amenable to improvement. 

Furthermore, Willis & Schaie (1988) reported decreases in gender differences in mental 

rotation ability following intervention, with greater gains in women relative to men. Two 

studies have examined the effect of videogame play on mental rotation skills in younger 

adults (Boot et al., 2008; Feng et al., 2007). Boot and colleagues reported improved 

mental rotation skills in novice gamers after 20 hours of Tetris game play. In a study 
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examining action videogame effects on gender differences in spatial abilities, Feng and 

colleagues (2007) found that playing an action videogame, Medal of Honor (Electronic 

Arts Inc.), decreased the gender disparities in mental rotation ability, mirroring findings 

from mental rotation skill-training reported by Willis & Schaie (1988) in older adults. 

These authors conceptualized mental rotation as a “higher-level process in spatial 

cognition” relative to the more basic visual attention processes commonly assessed by 

the UFOV task (Ball & Owsley, 1993). In correspondence to findings from Green & 

Bavelier (2003, 2006), Feng and colleagues also documented improved UFOV skills 

following action videogame play. These UFOV-related findings have been replicated by 

Belchior (2007) in an older adult sample, which coupled with results from Basak et al. 

(2009) reporting significant improvements in tasks measuring memory, task-switching 

ability, reasoning, and spatial skills, suggest that videogames have the potential to be 

beneficial for older adults.  

Videogames as an Intervention Medium 

The motivation to examine videogames as an intervention medium stems from 

three sources. First, given prior findings showing far transfer/generalization from 

commercial videogame play to concrete cognitive skills (e.g., Dye, Green, & Bavelier, 

2009; Basak et al., 2008), it may be the case that videogames can bolster multiple 

domains of cognition, without the limitations of generalizability commonly observed in 

the cognitive training literature (Hertzog, Kramer, Wilson, & Lindenberger, 2008). 

Second, videogames are specifically designed to be engaging and as such, may be a 

medium that intrinsically reinforces and promotes continued engagement, enjoyment, 

and cognitive benefits (Basak et al., 2008; Belchior et al., in press; Hertzog et al., 2009). 

Belchior, Marsiske, Sisco, Yam, and Mann (in press) recently examined adults’ 
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engagement in videogame play. Engagement was assessed using a measure of Flow 

(Csikszentmihayi, 1991), which is a psychological state characterized by fulfillment and 

enjoyment, stemming from a match between challenge and skills. The authors reported 

that older adults endorsed videogame-related increases in Flow, in contrast to no 

changes in Flow reported by a group engaged in cognitive training targeting useful field 

of view. Finally, to date most studies of videogame effects on cognition have been 

conducted with younger adults (Basak et al., 2008); however, it is likely that gaming will 

become increasingly more ubiquitous with continued integration of technology into daily 

life. From a public health and wellness perspective, it will be important to be informed 

regarding whether videogames confer cognitive benefits, generally speaking, and 

whether these benefits span the age spectrum.  

 With regard to the “mechanism of change” of videogame play, it has been 

posited that videogames bolster general speed of processing due to game demands of 

fast and frequent decision-making (Green, Pouget, & Bavelier, 2010). This claim has 

received support in the literature (Dye, Green, & Bavelier, 2009), suggesting further that 

speed decreases are not accompanied by increased rates of error (i.e., speed-accuracy 

tradeoff). Recent work in cognitive neuroscience has further elucidated the issue of 

potential mechanisms of change. Mishra, Zinni, Bavelier and Hillyard (2011) recorded 

steady state visual evoked potentials and event related potentials from action 

videogame players during a visual attention-demanding task. Their results suggested 

that the superior target detection capabilities of videogame players are partly 

attributable to enhanced suppression of distracting irrelevant information, as well as 

more effective perceptual decision process. These findings were consistent with 
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imaging findings from Bavelier, Achtman, Mani, and Focker (2012), who reported 

attenuated activation of the visual motion-sensitive area, and attenuated recruitment of 

frontal-parietal network of areas, as attention demands increased. The authors interpret 

these findings to be indicative of more automatic allocation of attention resources and 

better early filtering of irrelevant information. Finally, Wu and colleagues (2012) reported 

participants who played a first-person shooter action videogame (10 hours) and showed 

the greatest improvement on an attention visual field task, also displayed increased 

event-related potential amplitudes thought to index top-down enhancement of spatial 

selective attention via increased inhibition of distractors. 

Confidence/Self-Efficacy  

To further examine potential transfer effects of intervention, another outcome of 

interest in the present study was confidence (self-efficacy) in mental rotation ability. 

Self-efficacy is an interesting metacognitive outcome, which has a complex 

interrelationship with behavioral performance (Bandura, 1986). Originally introduced by 

Bandura (1977), self-efficacy – an individual’s sense of competence and confidence in a 

give domain, has been linked to behavioral outcomes in a multitude of domains (e.g., 

mathematics ability in children, Schunk & Hanson, 1989; memory functioning in older 

adults, Berry, West & Dennehy, 1989; everyday problem-solving in older adults, 

Artistico, Cervone, & Pezzuti, 2003; interpersonal relationships, Kanfer & Zeiss, 1983; 

complex decision-making, Bandura & Jourden, 1991; and general academic outcomes, 

Multon, Brown & Lent, 1991). An important finding in the self-efficacy literature is that 

domain-specific self-efficacy (i.e., memory self-efficacy) is a better predictor of 

behavioral outcomes than “omnibus” self-efficacy (e.g., Bandura, 1989; Berry & West, 

1993; Berry, West & Dennehy, 1989).   
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Theoretical Background: Reciprocal Determinism (Bandura, 1986) 

According to Bandura (1989), as older adults experience failures in everyday 

activities, such as getting lost while driving due to decline in cognitive skills (Moffatt, 

2009; Newman & Kaszniak, 2000), their confidence in their abilities (i.e., their sense of 

self-efficacy) may also decrease. In his Social Cognitive theory, Bandura (1968) 

summarized this conceptually as reciprocal determinism, which is the view that (a) 

personal factors in the form of affect, self-evaluation, and biological events, 

(b) behavior, and (c) environmental influences create interactions that result in a triadic 

reciprocity (Figure 2-1). 

To further elaborate on the example of driving ability in old age, domain-specific 

reciprocal determinism would manifest as decreased confidence stemming from driving-

related failures, avoidance of driving to unfamiliar places, and decrease in practice 

using the requisite cognitive skills (Burns, 1999). While at first blush, shying away from 

unfamiliar routes to avoid getting lost may appear to be protective, studies have shown 

that the integrity and functionality of brain regions supporting cognitive functions like 

navigation (e.g., the hippocampus) is dependent on experience (McNaughton et al., 

2006; Moffatt, 2009). Therefore, decreasing utilization of certain domains of cognition 

might further compromise these skills and the real-world functioning that depends on 

them (i.e., the “use it or lose it” hypothesis). This example illustrates the potential 

negative impact of reciprocal determinism.  

The present study aims to determine whether reciprocal determinism can have a 

positive impact on self-efficacy. Applying Bandura’s (1986) model to the present study, 

training is conceptualized as an environmental influence on behavior (i.e., mental 

rotation performance). Because “training” is aimed at improving performance and 
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lacking in aspects explicitly targeting confidence, any effects on confidence would 

mainly stem from the reciprocal relationship between confidence, a “personal factor,” 

and performance (i.e., behavior). Figure 2-2, which is based on Bandura’s model, 

depicts the hypothesized process.  

The Performance-Self-Efficacy Relationship in Old Age 

Support for the role of self-efficacy in the performance of older adults has been 

put forth by Levy and colleagues (Levy & Langer, 1994; Levy, 1996), as well as Stein, 

Blanchard-Fields and Hertzog, (2002), and Desrichard and Kopetz (2005). Levy and 

Langer (1994) found that age differences in memory performance were substantially 

reduced in cultures where more positive views of the elderly predominate (Chinese and 

American Sign Languages communities) relative to those where negative views 

predominate (hearing Americans). Furthermore, priming a positive stereotype of aging 

was associated with a significant improvement in the memory performance of older 

adults (Levy, 1996; however, Stein et al., 2002).  

For example, Stein and colleagues (2002), who set out to replicate findings from 

Levy (1996), presented older participants with age-negative (e.g., Alzheimer’s, forgets), 

age-positive (e.g., wise, accomplished) and age-neutral (e.g., another, between) primes 

prior to completion of a visual-spatial recall, or a photo recall task. They found that 

participants who were not aware of age-negative primes performed worse, which 

suggested not only that age-negative primes had an effect on performance; they 

operated at a level below conscious awareness, as people who were aware of the age-

negative primes did not evidence worse performance. This result suggests that age 

stereotype threat may operate on a subconscious level. This is of relevance to the 
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present study, given the testing context involving young-adult research assistants 

administering age-sensitive tasks to older adults (Methods for more details). 

  Desrichard and Kopetz (2005) gave older participants a list of eight items and 

an imaginary city map with the shops where the items could be found. Participants were 

asked to devise the shortest route, starting and ending at home, which was marked on 

the map. This paradigm emulated real-world functioning, and tapped into efficiency in 

route selection, which has been shown to decline with age in other studies (Salthouse & 

Siedlecki, 2006). One group of older adults was given instructions emphasizing memory 

performance, while the other group was given instructions emphasizing orientation 

skills. Desrichard and Kopetz found that performance was better in the group that 

received task instructions that did not explicitly emphasize memory, and that memory 

self-efficacy beliefs moderated the impact of task instructions on memory performance 

such that lower levels of memory self-efficacy correlated with lower performance in the 

memory emphasizing task condition only (Desrichard & Kopetz, 2005). In sum, these 

studies strongly suggest that decreased self-efficacy or confidence in abilities may 

moderate performance such that age-related decrements are accentuated, and possibly 

even accelerated through decreased engagement. 

A study of the relationship between self-efficacy and neuroelectric markers of 

self-monitoring sheds some light on the role of self-efficacy in the performance of older 

adults (Themanson et al., 2008). Prior to performing the flanker task, older adults’ task 

related self-efficacy was assessed. Those older adults reporting higher self-efficacy 

evidenced larger error-related negativity, a neuroelectric potential thought to stem from 

the dorsal anterior cingulate, when accuracy was emphasized (Themanson et al., 
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2008). The dorsal anterior cingulate is reported to be a site of conflict monitoring and 

error detection (McDonald, Cohen, Stenger, & Carter, 2000). Thus, the error-related 

negativity is conceptualized as a neuroelectric marker of awareness of having made a 

mistake. Importantly, self-efficacy moderated the relationship between error-negativity 

and post-error response accuracy in that higher self-efficacy older adults were more 

accurate on trials following those on which higher amplitude error-related negativities 

were recorded. This relationship was not found for the low-efficacy older adults. Thus, 

this study suggests that self-efficacy may be associated with more favorable action 

monitoring, providing the individual an opportunity to self-correct and improve 

performance.  

On the other hand, there is some discrepancy in the literature regarding the 

validity of self-efficacy in predicting performance. Lachman, Steinberg, & Trotter (1987) 

reported that older adults’ memory self-efficacy was a significant predictor of 

subsequent memory performance, supporting the predictive validity of efficacy as 

proposed by Bandura. However, Heggestad & Konfur (2005) suggest that when past-

performance on a task is controlled without utilizing a residualization procedure (as 

used by Lachman et al. 1987), the influence of self-efficacy is minimal, and diminished 

over repeated testing (Heggestad & Konfur, 2005). In fact, Heggestad and Konfur 

reported that self-efficacy accounted for only 2% of additional variance above raw prior 

performance. On the other hand, Carretti et al. (2011) reported that motivational factors, 

such as the tendency to seek out complex activities and use memory strategies, were 

predictive of training gains above and beyond raw prior performance. This is consistent 

with Bandura’s theory, in that the motivation to seek out complex activities and use 
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helpful strategies likely stems from positive self-efficacy beliefs and is mediated by goal-

setting (Bandura, 1989; Berry & West, 1993). Overall, findings regarding the predictive 

validity of self-efficacy judgments, at least in the memory literature, appear to be mixed 

and dependent on the operationalization of prior performance. 

Confidence/Self-Efficacy: Interventions 

In line with the self-efficacy theory proposed by Bandura (1989), which states 

that interventions would be more effective if they also increased older adults’ confidence 

in their abilities, recent efforts have been aimed at boosting both confidence and 

performance (e.g., West, Bagwell, & Dark-Freudeman, 2008). For example, West and 

colleagues employed a multifactorial training program with elements designed to raise 

memory self-efficacy, such as emphasis on memory potential at any age (positive bias), 

combined with memory strategy training. These authors reported gains for both memory 

and memory self-efficacy, and importantly, that trained participants were using effective 

strategies more so than the waitlist control group (West et al., 2008). This is promising, 

given findings from Touron and Hertzog (1990), that older adults were able to learn 

effective strategies but neglected to use them due to lack of confidence in their strategy 

use.  

Results have been mixed with regard to the transfer of intervention effects to self-

efficacy, as proposed by reciprocal reciprocity (Figure 2-2), with most findings 

supporting within domain transfer. For example, Cavallini, Pagnin, & Vecchi (2003) 

reported higher memory self-efficacy ratings following memory training. Dittmann-Kohli 

et al. (1991) reported that ability training on tests of fluid intelligence, such as figural 

relations and inductive reasoning, resulted in positive changes in self-efficacy in those 

domains. These effects were highly specific, and did not transfer to other cognitive tests 
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or to everyday self-efficacy as assessed by self-report (Dittmann-Kohli et al., 1991). On 

the other hand, generalizability is suggested by Wolinsky et al. (2009), who examined 

locus of control in older adults who underwent either memory, visual speed of 

processing, and reasoning training (Jobe et al., 2001). Control is the subjective belief in 

one’s ability to achieve desired goals, and is conceptualized as being internal (i.e., 

person control over outcomes), or external -- residing with powerful others (e.g., 

doctors), or chance (e.g., luck) (Skinner, 1996). One common findings pertaining to 

aging is a shift from internal to external locus of control with age (Lachman, 1986) 

which, as for self-efficacy, likely stems from awareness of declines in one’s health and 

abilities. Thus, the Wolinsky et al. (2009) finding that older adults who underwent 

reasoning and speed of processing training also experienced medium-sized (> 0.5 SD) 

improvements in internal locus of control suggests that some generalizability to less 

domain-specific “personal factors” is possible. Importantly, Willis et al. (2006) reported 

evidence of transfer of training gains from cognitive interventions to self-reported ability 

to perform instrumental activities of daily living, such as paying bills and managing 

medications. This outcome could be interpreted as evidence, in addition to the locus of 

control findings by Wolinsky et al. (2009) in this sample, that older adults in these 

intervention groups gained confidence in their abilities, and not only the specific abilities 

trained.  

Veridicality of Confidence Judgments 

While greater levels of confidence may appear to be ubiquitously beneficial, there 

is evidence to support the idea that the accuracy or veridicality of self-assessment is of 

importance when it comes to performance (Cooke-Simpson & Voyer, 2007). The 

accuracy or veridicality of confidence judgments can be assessed in a number of ways, 
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which include calibration, under/over confidence and resolution. Calibration refers to the 

average concordance between performance accuracy and level of reported confidence 

on a given task. A person is said to be overconfident when their overall confidence 

ratings exceed their overall level of performance, and under-confident when they under-

estimate their performance. Resolution, or relative accuracy, refers to the ability of 

confidence judgments to discriminate correct from incorrect choices (Hertzog & Hultsch, 

2000; Crawford & Stankov, 1996). Cooke-Simpson and Voyer found that men 

outperformed women on mental rotation and evidenced greater veridicality in self-

assessment as indexed by their post-rotational confidence judgments. This finding 

further highlights the important role of confidence in performance, suggesting that 

having an accurate sense of one’s abilities might be beneficial. A potential hypothesis 

stemming from gender work is that women underestimate their skills (leading to less 

veridical confidence judgments) and consequently perform worse than men.  

Veridicality of Confidence Judgments in Older Adults 

 Overall, the accuracy or veridicality of confidence judgments has been explored 

primarily in the context of general knowledge questions and perceptual judgments (e.g., 

Baranski & Petrusic, 1994). The common findings are of overconfidence on general 

knowledge questions and under-confidence on perceptual judgments (Pallier et al., 

2002). Crawford and Stankov (1996) and Stankov and Crawford (1997) investigated the 

veridicality of confidence judgments on a battery of cognitive tests assessing crystalized 

and fluid intelligence, as well as line length discrimination. These authors reported that 

older adults showed a tendency towards greater overconfidence compared to younger 

adults, as well as worse resolution, meaning that their confidence judgments were 

poorer at discriminating between correct and incorrect answers (Crawford & Stankov, 
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1996). These authors also reported results from factor analyses indicating that there 

may be a separate self-confidence trait that is different from ability factors representing 

accuracy and speed on cognitive measures (Stankov & Crawford, 1997). Pallier et al. 

(2002), echoed these findings, reporting that a metacognitive trait might mediate the 

relationship between individual differences, including those assessed by personality 

measures, and overconfidence. These studies suggest that older adults’ self-

assessment on the tasks assessed may be less veridical than that of younger adults, 

and that self-assessment can be quite consistent across tasks (i.e., a tendency to be 

overconfident). In the domain of memory ability, Rebok & Balcerak (1989) have 

suggested that greater overconfidence observed in older adults is not due to confidence 

per se, but instead due to markedly poorer memory performance resulting in a greater 

discordance between confidence ratings and actual scores.  

Another possible explanation for observed overconfidence in older adults stems 

from the work of Heckhausen & Schultz (1993, 1995). These authors make a distinction 

between primary and secondary control, with primary control conceptualized as being 

directed at the external world and involving an attempt to change the world so that it fits 

the needs and desires of the individual (Heckhausen & Schultz, 1993). On the other 

hand, secondary control is targeted at internal processes, such as the setting of goals, 

and can be understood as an attempt to accommodate to the world. This model 

stresses the primacy of primary control, in that individuals naturally strive for behavior-

event contingencies. A function of secondary control, therefore, is to expand, maintain, 

or minimize losses in long-term primary control potential. The potential for long-term 

primary control is dependent on an individual’s capacities in terms of skills and 
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competencies, as well as in terms of motivational and emotional resources such as self-

efficacy, optimism, and hope for success, which regulate the investment of time and 

effort (Heckhausen & Schultz, 1993; Haynes, Heckhausen, Chipperfield, Raymond, & 

Newall, 2009). In support of this theory, Heckhausen (1997) reported that with 

increasing age, older adults tended to increased focus on age-appropriate goals for 

primary control striving and a stronger tendency for compensatory secondary control, 

such as greater goal flexibility, more satisfaction and present life, and identification with 

younger age groups. Furthermore, older adults using primary control, as well as a 

combination of primary and secondary control strategies to cope with age-related losses 

fared better in terms of physical and psychological well-being relative to those who 

relinquished control or failed to compensate (Haynes et al., 2009). 

In the context of the current study, primary control operates at the level of 

performance on the mental rotation task, while secondary control operates at the level 

of confidence. Thus, Figure 2-2 also represents the interplay between primary and 

secondary control factors. More specifically, one potential process that may be 

occurring in older adults is the marshaling of secondary control processes, such as the 

selection of an accuracy-oriented goal relative to, say, striving for both speed and 

accuracy (which may over-tax limited resources). To meet this goal, older adults may be 

taking “extra” time to mentally rotate the figures, or to re-check solutions. Thus, when 

prompted to report confidence, ratings may be boosted by the perception of extra effort 

expanded on the task. This is consistent with findings of a speed-accuracy tradeoff on 

mental rotation paradigms, in that when given an option older adults will select to 

optimize accuracy at the cost of speed (Sharps & Gollin, 1987). 



 

35 

On the other hand, another way that secondary control is thought to operate with 

regard to aging is via social comparisons (Heckhausen & Schultz, 1993). Heckhausen & 

Schultz (1993) take a globally positive stance, suggesting that older adults make 

“downward” social comparisons to optimize self-esteem. That is, they compare 

themselves to other older adults who are worse off. If striving for self-improvement (i.e., 

of skills), individuals perform an “upward” comparison, thus effectively setting a goal 

based on an identified model.  

Along these lines, Carstensen and colleagues (2000, 2010) have reported that 

older adults report better emotional regulation, more stable positive affective states, less 

negative affect, and a more positive outlook on the past. When older adults are 

assessed on measures of well-being or positive affect, a common finding is that of 

increased ratings with increasing age (Carstensen et al., 2010). These findings suggest 

that older adults selectively focus on the positive and strive to minimize the negative. 

Thus, it is possible that the overconfidence observed in older adults is related to a 

disproportionately positive evaluation of own performance. 

On the other hand, Heckhausen & Schultz (1993) note that the secondary control 

processes may be operating at a conscious and/or a subconscious level. At the 

subconscious level, secondary control may actually be undermined by the age 

stereotype threat discussed above as illustrated by Levy (1995) and Stein et al. (2002). 

That is, older adults in the current study were tested in a one-on-one setting by young-

adult research assistants, on a battery of tasks that have been shown to be sensitive to 

age-related decline. In such a context it is possible that older adults may have been 
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subconsciously been affected by age stereotype and/or made subconscious upward 

social comparisons detrimental to confidence.  

Ultimately, however, it is important to note that the body of work on confidence in 

older adults has not, to date, evaluated the confidence-performance relationship on 

spatial-reasoning tasks, such as mental rotation. Given the multitude of variables 

hypothesized to be affecting performance and confidence a priori, it is difficult to 

generate specific hypotheses regarding confidence-performance outcomes. Thus, the 

effect of retest, as well as intervention on the performance-confidence relationship has 

been conceptualized as an exploratory aim in the present study. 

In summary, there is evidence to support the promise of action videogames as a 

means of promoting mental rotation skills, which remains to be explored in an older 

adult sample. Mental rotation paradigms appear to assess skills utilized in real-world 

functioning that have been shown to decline with age, which supports the impetus to 

examine mental rotation as an outcome. A related question is whether videogame 

engagement might also improve older adults’ confidence, including promoting greater 

veridicality of self-assessment. Confidence in abilities is an important outcome in its own 

right, given the use of self-reported ability as a “functional outcome” (e.g., Jobe et al., 

2001; Willis et all, 2006), as well as findings that lower self-efficacy is associated with 

shying away from using helpful strategies, and with worse performance.   

Thus, the purpose of the present study was to examine whether spatially-

demanding videogames would improve mental rotation performance in a sample of 

healthy, community dwelling older adults. Furthermore, the study will characterize the 

confidence-performance relationship in the context of mental rotation, and explore 
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whether involvement in training also affects confidence and relationship with 

performance. Given that mental rotation is thought to utilize cognitive skills needed for 

real-world tasks, positive intervention findings could support the use of games to train 

these skills. Furthermore, evidence of positive effects of training on confidence and its 

relationship with performance would bolster the argument that game-play confers 

benefits to older adults. 

 

 
 
Figure 2-1.  Bandura’s (1986) Social Cognition Theory model. In this model, Bandura 

was originally working with learning as an outcome; however it can be viewed 
to be describing behavior in general. In the context of the present study, 
mental rotation performance is a behavioral outcome operationalized as 
accuracy on the computerized task (Figure 2-2). 
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Figure 2-2.  The performance-confidence relationship in the context of the present 

study. 

  



 

39 

CHAPTER 3 
METHODS 

Overview 

The purpose of the present study was to examine the effect of a spatially-

demanding videogame, versus a computer-based visual attention training game 

engagement on the mental rotation performance of older adults. In addition, the study 

endeavored to characterize the performance-confidence relationship in this population 

in the context of mental rotation, and to describe potential effects of game engagement 

on confidence and its association with mental rotation performance.  

The present study was conducted as part of a larger randomized controlled trial, 

Research to Examine Videogame Interventions for Visual Attention (REVIVA) that 

investigated the effects of action videogame training on the visual attention skills of 

older adults (PIs: Patricia Belchior, Ph.D., O.T. & Michael Marsiske, Ph.D.; Funded by 

the Robert Wood Johnson Foundation: RWJF64441). REVIVA was designed to 

replicate and extend findings from the body of work on videogame training to improve 

visual processing in younger and older adults (e.g., Belchior et al. in press; Green & 

Bavelier, 2003, 2006). The primary outcome measure of the REVIVA study was 

performance on the Useful Field of View test (Ball & Owsley, 1993); however in order to 

conduct a comprehensive evaluation of training benefits, the total outcome battery 

consisted of 17 measures including tests of vision, visual attention, visuospatial 

processing, everyday speed, word list memory, mood, engagement (i.e., Flow; 

Csikszentmihalyi, 1991), and videogame-related skills.  

As a secondary outcome within the REVIVA study context, Anna Yam developed 

a sub-study, designed to address the question of whether the spatially-demanding 
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videogame utilized in REVIVA, which involves fast paced navigation, might also improve 

older adults’ mental rotation skills. A related question was whether training would also 

alter older adults’ mental-rotation related self-efficacy, as captured by mental rotation-

specific confidence ratings. To address these questions, Ms. Yam designed a mental 

rotation assessment paradigm, modeled on that presented by Shepard & Metzler 

(1971), programmed the stimulus presentation in PsyScope (details below), piloted the 

paradigm, and composed protocols to be used for testing (i.e., manual for testing and 

instructions to participants). In addition to co-creating the REVIVA testing protocol 

(described below), Ms. Yam conducted the majority of initial testing, and was 

instrumental in the screening, training and coordination of all REVIVA research 

assistants involved in testing participants.  

The following sections detail the study procedure, describe the measures 

included in present study analyses, present statistical power analyses and outline the 

proposed statistical analysis plan. 

REVIVA Study Procedure 

Overview  

The study timeline for REVIVA is illustrated in Figure 3-1. This figure was 

described and supplied to all participants during baseline assessment. Participants were 

recruited from the community and pre-screened via telephone prior to study enrollment. 

Those meeting pre-screening requirements were scheduled for baseline testing, which 

occurred in two 3-4 hour sessions.  

 The first baseline testing session comprised additional screening, and 
participants meeting these additional requirements and consenting to proceed 
returned for the second baseline session. 
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 Following the second baseline testing session, participants were randomized to 
one of two intervention groups, Crazy TaxiTM or InSight, or to the no-contact 
control group. Briefly, Crazy Taxi is a spatially-demanding game that entails fast 
driving and navigation in a virtual city. InSight is a computer-based “brain-fitness” 
program comprised of six games specifically designed to train visuospatial skills, 
such as selective and divided attention, contrast sensitivity, and visual working 
memory (more details below).  

 Those randomized to intervention groups were scheduled for on-site orientations 
conducted at the University of Florida designed to help them attain competence 
with the training equipment and interface (e.g., videogame controller, structure of 
the InSight game suite).  

 Subsequently, participants were supplied with training equipment, which was 
installed in their homes by study personnel, and asked to play their respective 
games for a total of 60 hours over the course of 3 months. During this period, 
participants were asked to complete training logs, tracking their progress and 
compliance, as well as questionnaires assessing their engagement and 
enjoyment (i.e., Flow). Logs and questionnaires were to be mailed weekly to the 
study office.  

 Approximately 3 months post-baseline, for controls, and 3 months following on-
site orientation for the trained groups, participants returned for post-testing, which 
also occurred in two 3 - 4 hour sessions. After post-testing, those in training 
groups were asked to discontinue playing their games and to return the 
equipment (described below).  

 Follow-up testing, which employed the same battery as post-testing, took place 3 
months after post-testing. The following sections supply more detail regarding 
participant recruitment, screening, randomization, testing, and training.   

  

Participant Recruitment  

Participants were recruited through existing databases of older adults who have 

previously indicated an interest in participating in research (Age Network), 

advertisements in local newspapers (Gainesville Sun, Classifieds), mail outs to 

commercially available directory lists, retirement communities, and word-of-mouth from 

other participants. All participants signed an Informed Consent form, which was 

approved by the University of Florida Internal Review Board. Parking was reimbursed 
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for all participants; those in treatment groups received $100 for participation while those 

in the no-contact control group received $50.  

Participant Screening 

Participants were first pre-screened over the telephone. Telephone screening 

established whether participants were: (a) 65 years of age or older, (b) had little or no 

prior action videogame experience, and (c) were willing to play video games and 

commit to the study for approximately 6-7 months. Those meeting these criteria were 

scheduled for additional in person screening at the University of Florida, described 

below. 

Inclusion and Exclusion Criteria  

Table 3-1 summarizes the study measures, including those utilized in participant 

screening. To compile a sample of older adults who were healthy-enough to engage in 

60 hours of video-game play over the course of three months and able to benefit from 

training, the following inclusion criteria were implemented: (a) 65 years of age or older; 

(b) Mini-Mental State Exam (MMSE) score of 24 or higher indicating absence of frank 

dementia, (Folstein, Folstein, & McHugh, 1975); (c) little or preferably no prior 

videogame usage; (d) distance visual acuity of 20/40 or better, as assessed by a 

Snellen chart; (e) intent to be in the study region (Gainesville/Alachua County) during 

the time of the study and to participate in regular home-based training/game play. 

Participants were also excluded if they achieved baseline scores of 120 or lower on the 

UFOV task 3 (Selective Attention, described in Measures below), as this effectively 

represented an endpoint far better (by 50 ms) than what was achieved by most trained 

participants in either Ball et al. (2002) or Belchior et al., (in press) intervention studies. 

Participants reporting a history of significant motion sickness were also excluded, as 
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motion sickness would preclude participation in a training protocol involving fast-pace 

virtual environment-based driving (i.e., Crazy Taxi). 

Participant Testing 

Participants were assessed at baseline, and re-assessed approximately 3 

months (post-test) and 6 months (follow-up) after baseline (Figure 3-1). Individual study 

timelines varied slightly due to participant availability for scheduling and variability in 

training progress. Post-test and follow-up batteries included all baseline measures 

except the Demographic questionnaire, Activities Questionnaire and the Mini-Mental 

State Exam. All test administration was manualized, including verbal instructions to 

participants, and administered by trained research assistants. 

All testers were trained according to an established procedure. Testers in training 

were required to observe multiple full-length testing sessions, attend individual 

instruction sessions, practice test administration, and to be observed while testing until 

test administration was perfected. After this procedure was completed, testers were 

deemed to be qualified for independent testing. Furthermore, testers were trained to 

score and appropriately file participant data and maintain participant confidentiality.  

Participant Randomization 

Following baseline assessment participants were randomized to one of three 

groups: (1) Crazy Taxi – spatially-demanding videogame (n = 17), (2) InSight – 

computer-based visual-skills training suite (n = 19), or (3) no-contact Control group (n = 

18). Initial randomization was in triads with a 1:1:1 allocation ratio, using a random 

number generator. As two groups experienced higher dropout (Crazy Taxi and Control), 

participants were randomized in quintets, 2:1:2, using a random number generator. 
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Orientation at the University of Florida 

Those randomized to game-play groups (Crazy Taxi and InSight) received 3 – 4, 

1 hour sessions of individual instruction on game play (e.g., use of the requisite 

equipment), which was administered via a manualized procedures by trained research 

assistants. The training manuals utilized for orientations also contained information 

regarding use of equipment, and were supplied to participants engaging in home-based 

training. Research assistant trainers were trained via a specific procedure, which 

included observation of training, practice using the training manual, and observed 

training, prior to being permitted to train participants independently. 

The Crazy Taxi orientation was comprised of skill-teaching by research 

assistants and practice using the controller to drive and steer the car in the game 

environment. InSight orientation was focused on teaching participants how to navigate 

the game suite (e.g., what to expect on each screen), as well as how to play each 

individual game. These games are described in more detail below. 

Home-Based Training 

Participants randomized to training groups were instructed to play their 

respective games for a total of 60 hours over a period of 3 months. More concretely, 

they were encouraged to engage in one-hour sessions for approximately 20 hours per 

month. To monitor compliance with the training protocol participants were asked to 

complete training logs each time they engaged in game play, and to send the logs 

weekly to the study office in postage-paid envelopes. Preliminary analyses of log data 

suggest that Crazy Taxi participants played an average of 72 hours (median value), 

while inSight participants played an average of 68 hours (SD = 23). Two Crazy Taxi 
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participants played 278 and 424 hours, respectively. Excluding these individuals, Crazy 

Taxi participants played an average of 70 hours (SD = 17).   

Training apparatus 

Crazy Taxi training employed a PlayStation 2 console (Sony Electronics), 

model 97060, and a dual shock 2 analog controller, model 97026. The PlayStation 

was connected to the participant’s home television. For all participants, study personnel 

conducted equipment setup. InSight training was administered via desktop or laptop 

computer. If participants were not in possession of a PC system, a Dell Latitude [model 

600, 610, or 620] laptop equipped with InSight software and a mouse, were provided 

for their use. Otherwise, InSight software was installed onto participants’ home PC.  

Crazy Taxi training  

Crazy Taxi (Acclaim, 2001) is a first-person action driving game, with the 

objective to dropping off passengers at requested destination as quickly as possible 

while avoiding collisions. The game requires participants to navigate a virtual city 

environment at high speeds. Points are assessed via summing up cab fare following 

completed pickup-drop-off sequences, as well as by any additional tips. Fair is 

determined by level of difficulty -- passengers with farther destinations from the pickup 

location pay a higher rate, while tips are assessed through an estimate of driving skill 

(e.g., avoidance of collision, speediness of delivery). Screen shots from the game are 

presented in Figure 3-2.  

In the context of the REVIVA study, Crazy Taxi was selected as the 

intervention game due to hypothesized benefits to useful field of view (as the primary 

outcome measure) (Green & Bavelier, 2003). With regard to the constituent abilities 
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involved in mental rotation, there are a number of features of the Crazy Taxi game 

that may be viewed as the “active ingredients” in producing change. For example, Crazy 

Taxi is a highly fast-paced game requiring rapid but relatively precise motor and 

cognitive responses. Thus, older adults might incur benefits in cognitive and manual 

speed of processing which would be reflected in more efficient analog mental rotation; 

post-rotational decision making, and motor responding (button press). In order to 

succeed in the game, participants must become proficient at taking sharp turns and 

planning movements, which might also confer benefits to analog rotation abilities. In the 

game, participants must monitor the movement of their vehicle, the movement of other 

vehicles in the vicinity in order to avoid collisions, as well as an arrow that directs them 

to their destination. Thus, it may be the case that participants will also become more 

efficient at visual scanning. Finally, the game takes place in a virtual city, so it is 

possible that over time participants may become familiar with the layout and be able to 

mentally represent their position on the map relative to their destination. Because the 

game supplies a guiding arrow (which hovers above the cab), it is not the case that 

participants must encode a map of the virtual environment to succeed in the game. 

However, it is likely that those who to do so will be more successful since it would 

facilitate more efficient route selection. Furthermore, the virtual cities participants learn 

are consistent, and it is likely that landmarks become familiar and useful with regard to 

spatial planning (e.g., a participant may learn to begin a fast-paced turn when they see 

a certain familiar building or intersection). Thus, it is possible that Crazy Taxi may 

confer benefits to mental representation skills and allocentric navigation abilities.  
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InSight training 

InSight (Posit Science Corporation, 2007) is a computer-based visual skills 

training suite. The constituent games were designed to adjust to each individual’s level 

of performance. Participants are challenged at one of four levels of task complexity, as 

sub-tasks within each game build on one another. InSight training is comprised of 6 

games (Figure 3-3 for screenshots) – Sweep Seeker, Bird Safari, Jewel Diver, Master 

Gardener, & Road Tour.  

 Sweep Seeker is designed to speed up visual processing of moving contrast 
gradients. Participants are required to collapse tiles in a variety of environments, 
via rapid and accurate detection of direction of gradient motion.  

 Bird Safari exercises visual precision and visual search by requiring participants 
to locate a target bird in their peripheral vision, among a set of similar birds, 
located at various eccentricities of central fixation. Birds are presented briefly, 
with latency of presentation decreasing to increase level of challenge.  

 Jewel Diver is designed to improve divided attention and multiple object tracking. 
Participants are required to track moving jewels, in the presence of distracters 
and other visual clutter. 

 Master Gardener is a visuospatial working memory task, which requires 
participants to match sets of briefly exposed butterflies. The task trains fast and 
accurate visual perception, as well as storage of visual information in working 
memory. 

 Finally, Road Tour is designed to improve useful field of view, and is analogous 
to the traditional UFOV training paradigm. The tasks require participants to 
determine whether a centrally presented vehicle is a car or a truck, and 
simultaneously accurately locate a Route 66 sign in the periphery, in the 
presence of other distracting peripheral stimuli. 

 

With respect to the “active ingredients” of the InSight suite of games as a tool 

for improving mental rotation skills, a number of processes are implicated. A recently 

study by Berry and colleagues (2010), who utilized Sweep Seeker to train older adults’ 

perceptual discrimination abilities, documented transfer of benefits to visual working 
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memory. This study also implicated improvements in early visual encoding 

mechanisms, which, coupled with working memory are hypothesized to be constituent 

in mental rotation. Bird Safari requires participants to form a mental image of a target 

bird and to rapidly detect a matching bird on the display. This task requires encoding 

into visuospatial working memory, rapid pattern recognition, and rapid scanning of the 

visual display. Jewel Diver also calls for the maintenance of information in visuospatial 

working memory, in that it requires the monitoring the motion of one or more objects in 

the presence of distracters. Master Gardener also requires rapid pattern encoding as 

well as visuospatial short-term memory skills. Finally, Road Tour is a game directly 

modeled on the UFOV task, and trains visual discrimination, selective, and divided 

attention in a visually-appealing format.  

In sum, the two training paradigms Crazy Taxi and InSight both have “active 

ingredients” that were hypothesized to improve mental rotation skills. Both games have 

the potential to improve visual scanning abilities. Crazy Taxi, due to its fast-paced 

nature, may confer greater benefits to overall speed of processing, including motor 

response, while InSight appears to be well-suited for improving encoding into 

visuospatial working memory. While the present study was not designed to examine the 

constituent parts of mental rotation separately, should training result in differential 

outcomes, it may be possible to speculate regarding the importance of some “active 

ingredients” relative to others (i.e., the relative importance of overall speed 

improvements relative to those in working memory). 
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No-contact Control group  

Participants randomized to this group were assessed at baseline, and returned 

for re-assessment 12 weeks after baseline (post-test), and 3 months after post-testing 

for the follow-up. This group was included to control for practice effects, as well as to 

monitor normative levels of change over time.  

Participants 

A total of 149 individuals were screened for study participation and 108 

contributed Mental Rotation data at baseline. Of the 149 individuals screened, 39 were 

ineligible and 39 were uninterested or unavailable to complete the rest of the study. 

Seventy one individuals were randomly assigned to either an intervention or control 

group, and 54 individuals completed the full study (baseline testing, training, post-

testing and follow-up testing). Of the randomized participants, 9 individuals withdrew 

from the Crazy Taxi group, 1 from InSight, and 7 from the Control group. The consort 

diagram for the REVIVA study is presented in Figure 3-4. 

The Present Study Samples 

The intervention study sample consisted of the 54 individuals who completed the 

full REVIVA study (Study Sample); however preliminary descriptive analyses were also 

conducted utilizing the data from the 108 individuals who contributed MRT data at 

baseline (MRT Baseline Sample). Table 3-2 presents demographic, cognitive, and 

sensory characteristics for these samples. Individuals in the Study Sample were on 

average 73.3 years of age, 63% female, 88.9% White, and on average had at least a 

Bachelor’s degree. Individuals in the MRT Baseline Sample were on average 73.6 years 

of age, 65.7% female, 92% White, and on average had at least a Bachelor’s degree.  
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Seventeen individuals completed the Crazy Taxi training (mean age = 72.3 

years, 76.5% female, 76.5% White, average Bachelor’s level educated). Nineteen 

individuals completed the InSight training (mean age = 74 years, 57.9% female, 94.7% 

White, average Bachelor’s level educated). Eighteen individuals comprised the Control 

group (mean age 73.6 years, 55.6% female, 84.4% White, average Bachelor’s level 

educated) (Table 3-3 for intervention group demographic, cognitive, and sensory 

characteristics).  

Characterization of Attrition Effects 

Individuals who completed the study (Study Sample; n = 54) were compared to 

those who did not (i.e., ineligible, uninterested/unavailable, drop-out). T-test and chi-

square analyses revealed no significant differences between these groups across 

demographic, cognitive and sensory domains. Relative to those who completed the 

study (M = 28.59, SD = 1.60), individuals who withdrew after randomization (n = 17, M = 

27.24, SD = 1.39) had a lower Mini-Mental Status score (t(69) = -3.2, p = .002, r = .36). 

Individuals in the MRT Baseline Sample had proportionately fewer males (34.3%, 2(1) 

= 5.85, p = .016) than individuals who were screened but did not contribute baseline 

data (56.4%). With regard to attrition by intervention group effects, only one participant 

withdrew from the inSight group so statistical analyses were confined to Crazy Taxi and 

Control groups. There were no significant group differences in dropout related to age, 

education, race, or marital status. Marital status approached significance (p = .066), as 

more non-married individuals withdrew from the Crazy Taxi group, relative to the 

Controls. 
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Measures 

Table 3-1 presents a complete list of measures employed in REVIVA. The 

measures utilized in the present study are indexed with an asterisk in the table, and are 

described in detail below. 

Demographic Questionnaire  

At baseline, each participant completed a short questionnaire with questions 

eliciting date of birth, sex, race, level of completed education, marital status, presence 

versus absence children, whether they live alone or with another person, as well as 

current and/or past occupation. Age and gender variables were utilized in the present 

analyses. 

Vision  

Visual acuity was measured via a standard Snellen chart presented on an 

OPTEC Vision Screener (Model 2500). Scores ranged from 1 – 5, with 5 representing 

20/20 vision. Contrast sensitivity is the ability to detect shading differences, which is 

important for distinguishing objects from their surroundings. This is considered a good 

predictor of visual performance and is known to decline with age (Owsley, Sekuler & 

Siemsen, 1983). Contrast sensitivity was included as a predictor of individual 

differences in performance on measures in REVIVA and was conceptualized as a 

covariate measure. Contrast sensitivity was also measured on the OPTEC Vision 

Screener. If participants wore glasses while using a computer or driving they were 

instructed to put them on for the test. In the task the participants viewed five slides each 

comprised of nine squares. Each square contained a circle made of faint gray lines, 

which pointed either left, right, or up. Participants had to report the direction of the grey 

lines (right, left, up) for each circle. One point was assessed for each correct response. 



 

52 

Thus, a score of 0-9 was possible for each slide, and scores across the 5 slides were 

summed up for a total possible range of 0-45, with higher scores representing better 

contrast sensitivity.  

Mental Rotation Task (MRT)  

Mental rotation is the ability to mentally manipulate visual images, an aspect of 

spatial ability (Berg, Hertzog, & Hunt, 1982). The present study employed a 

computerized mental rotation task based on the paradigm first introduced by Shepard & 

Metzler (1971). The task was administered via PsyScope X B53D (http://psy.ck.sissa.it/) 

on an iMac 2.66 GHz Intel Core Duo computer running OSX 10.5.8, which was 

connected to 22 inch NECT MultiSync LCD225LXM touch screen monitor. Participants 

were seated 57 centimeters from the monitor and were asked to maintain this distance 

for the duration of the task. A standard computer keyboard was utilized to record 

responses.   

In the MRT, participants tried to determine whether two simultaneously presented 

figures were the same, meaning that they were identical or different, meaning that one 

figure was the “isomere” (mirror image) of the other. A sample of the stimuli utilized is 

presented in Figure 3-5. Each figure consisted of 7 blocks and measured 400 by 400 

pixels, at the resolution of 72 pixels per inch (5.556 by 5.556 inches). While most blocks 

comprising the figures were white, one block was colored red to facilitate environmental 

support. Given that the focus of the present study was on reaction time, versus 

accuracy, environmental support was provided in order to increase the number of 

correct trials per participant, as only correct trials can be used in calculating the slope of 

analog mental rotation (Shepard & Metzler, 1971). The angle differences between the 

two figures were 30, 60, 90, 120, 150, or 180°. The paradigm consisted of 105 trials, 

http://psy.ck.sissa.it/
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which were presented in a fixed random order. Twenty-one “same” stimulus pairs 

appeared twice to increase the number of possible “same” trials, as only correctly 

identified “same” trials can be used to calculate the slope of analog mental rotation 

(Shepard & Metzler, 1971). The first 5 trials were used for practice and not included in 

analyses. Response latencies were recorded for each trial, and were measured in 

milliseconds commencing at stimulus onset and terminating upon keyed response. 

There was no experimentally designed time-out for responding.  

Task instructions, which included example stimuli, were delivered verbally with 

the aid of Microsoft Office Power Point, and were as follows:  

You will see two figures side by side. Sometimes they will be identical 
(same). Sometimes the figure on the right will be the mirror image of the 
one on the left (different). Most of the time, the shape on the right will be 
rotated with respect to the shape on the left. You need to decide whether 
the two figures are the SAME (meaning they are exactly identical) or 
DIFFERENT (meaning they are mirror images). To do so, you will want to 
mentally rotate one shape and compare it to the other shape. Once you 
make your decision, press 1 for SAME and 2 for DIFFERENT. Please do 
this as quickly as you can.  

Participants were then shown an example stimulus pair. Following the administration of 

instructions, research assistants were instructed to provide feedback on the first 5 items 

of the task.  

Specific MRT scores derived included median MRT response time for correct 

trials, mean MRT accuracy across trials, and the speed of analog mental rotation 

(“Slope”). Slope was computed for MRT items where the two figures were identical or 

“same” and also correctly identified as such by the participant (i.e., same-correct trials). 

According to Shepard & Metzler (1971), only same-correct trials should be utilized, as 

isomere processing, as well as incorrect responses, entail additional cognitive 



 

54 

operations that increase response time above and beyond rotation. Individual slopes 

were computed by subtracting participant minimum RT from maximum RT, and dividing 

by the difference between maximum and minimum RT values. This procedure is 

expressed in the equation below. The subscript i denotes an individual participant. 

Slopei = (MaxRTi – MinRTi)/(AngleDifferenceMaxRTi-AngleDifferenceMinRTi)   

The inverse of the resulting values, expressed in degrees per second, were retained for 

analyses (Jansen, Lehmann, & Van Doren, 2012)1. 

Confidence  

Confidence ratings, representing level of certainty in the correctness of the post-

rotational same/different judgments, were recorded directly after each MRT trial. 

Instructions for the confidence sub-task were included in the Power Point instructions 

for the MRT, and were as follows:  

                                            
1 Initial inspection of individual slope data suggested variability with regard to 

pattern, with numerous deviations from linear slope (approximately one half of the 
participants’ data did not appear to be strictly linear). Most common patterns other than 
linear, included a second slope of decline (i.e., decrease in time cost per degree of 
rotation) commencing at 120 degrees, suggesting that some participants may have 
rotated the figure counterclockwise at 120, 150 and 180 degrees difference from the 
stimulus. This pattern is consistent with that obtained in other mental rotation studies 
(e.g., McCarthy, 2010). Another common finding was a slope of decline between 30 and 
60 degrees difference, followed by the predicted slope of increase. This pattern 
suggests that some participants had more difficulty matching the figures at a 30 degree, 
relative to a 60 degree separation.  

Following the procedure from Berg, Hertzog, and Hunt (1982), median RT was 
regressed on the angle difference, yielding a regression weight for angle. This 
procedure resulted in 52/108 significant estimates (56 lost), which was considered 
inadequate for inclusion in further analyses. To correct for non-linearity stemming from 
counterclockwise rotation post 120 degrees, slopes were computed from the 30 to 120 
degree range, yielding 62/108 significant estimates, thus resulting in 45 cases that could 
not be included in further analyses. This amount of participant loss was also deemed 
unacceptable, leading to the method described above. 
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Next you will be asked how certain you are about your decision. On this 
scale, 1 represents the least amount of certainty, while 10 represents 
complete (or 100%) certainty. Press the key on the keyboard corresponding 
to how certain you feel about your decision.  

 
Confidence ratings were also recorded via standard keyboard (keys labeled 1 - 

10). As with the MRT stimuli, response latencies, commencing at presentation of the 

rating screen, and terminating upon keyed confidence response, were recorded. Figure 

3-6 illustrates the confidence rating prompt screen presented after each MRT trial. 

Confidence scores derived included mean confidence level across trials and 

relative accuracy of confidence judgments. Relative accuracy (resolution) refers to the 

extent to which increases in performance are associated with increases in confidence. 

This relationship is represented as a rank order agreement of judgments with 

performance (gamma correlation). A gamma of 1.0 indicates perfect agreement; a 

gamma of 0 indicates independence of performance and confidence; a gamma of -1.0 

indicates a perfect inverse relationship. A gamma value was computed for each 

individual who had sufficient variance in confidence scores (i.e., if an individual always 

indicated a confidence level of 10, their data would lack the variance necessary for a 

gamma correlation). 

Object Rotation 

This was a paper and pencil measure designed by Quayhagen (1979) and 

Schaie (1985), and is based on the Primary Mental Abilities, Figure Rotation task 

(Thurstone, 1938). This task required participants to mentally rotate two-dimensional 

line drawings of everyday objects (e.g., shoe, iron, knife, lamp). Participants were 

presented with a target shape, and a row of five choices, some identical, some 

isomeres, rotated to varying angles in the clockwise plane. The aim was to circle all of 
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objects among the set of choices that are identical to the target shape in four minutes, 

and avoid circling all choices that were isomeres of the target shape. The task score 

represented the total number of correctly circled items, minus the number of incorrectly 

circled items, with higher scores representing better performance. 

Useful Field of View (UFOV)  

The useful field of view is the visual area in which one can acquire information 

from the environment. Tasks that access the capacity of the useful field of view have 

focused on visual attention, or the ability to process visual information at a glance, 

which has been shown to decline with age (Ball et al., 1993; Clay et al., 2005). The 

present study utilized a commonly used measure of UFOV-related visual attention, the 

UFOV test (Ball et al., 1988; Figure 3-7). Stimuli were administered via a Toshiba 

Satellite 225CDS laptop computer connected to a 15.5 inch Elo TouchSystems 

touchscreen monitor. Participants were seated 57 centimeters from the monitor, and 

asked to maintain this distance for the duration of the task. The UFOV test was 

comprised of four subtests, with each subtest building on the last in complexity and 

difficulty. The subtests included:  

1. Speed: a two-alternative forced choice identification task at the center of the 
visual field during which a line drawing of a car or truck was presented, with 
presentation times ranging from 16-500 milliseconds; 

2. Divided attention: in which participants must complete the identification task while 
simultaneously identifying the location of a peripherally presented car drawing, 
with presentation times ranging from 16-500 milliseconds;  

3. Selective attention: in which participants complete task 2 in a visual display that 
is “cluttered” with 10-15 triangles;  

4. Same-different task: in which the center perceptual task was a more complex 
task of object comparison (two line drawings are shown, and the respondent 
must determine if they are two cars, two trucks, or a car and a truck), while also 
localizing the peripherally presented car in clutter.  
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Participants responded by touching the computer monitor. After each stimulus 

presentation a visual white noise was presented. Stimulus latency was adaptively 

determined, with latencies decreasing following correct responses, and increasing 

following incorrect responses. Subtest scores represented latencies with correct 

responses at 75% reliability. Scores for each of the four subtests could range from 16 

(minimum screen refresh rate) to 500 milliseconds (designated timeout), with higher 

scores representing worse performance. 

Modified Useful Field of View (mUFOV)  

The mUFOV (Dye, Hauser & Bavelier, 2009) stimuli were administered via 

MATLAB Psychophysics toolbox (MathWorks) on an iMac 2.66 GHz Intel Core Duo 

computer running OSX 10.5.8, which was connected to 22 inch NECT MultiSync 

LCD225LXM touch screen monitor. Participants were seated 57 centimeters from the 

monitor and were asked to maintain this distance for the duration of the task. A standard 

keyboard was employed to record participant responses.   

Modified UFOV consisted of three tasks closely resembling the first three tasks of 

the original UFOV test (described above). The three tasks were as follows: (1) Central 

identification -- a two-alternative forced choice identification task at the center of the 

visual field during which a face icon subtending 2.0 degrees of visual angle was 

presented in the center of the screen and participants had to decide whether it had long 

(0.27 degrees of visual angle) or short (0.16 degrees of visual angle) hair (Figure 3-7); 

(2) Divided attention Task - participants had to divide their attention between the two-

alternative forced choice identification task, and a peripheral target (a white star) 
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presented at 20 degrees of visual angle in one of eight different locations. Participants 

responded via button-press whether the central target had short or long hair, and 

touched the monitor where the peripheral stimulus was presented, (3) Selective 

attention – this task was performed in the same manner as the divided attention task, 

however 27 squares, isoluminant with the peripheral target, were placed evenly at 6.67, 

13.33, and 20 degrees of visual angle. All tasks were presented within a circular gray 

field subtending 21 degrees of visual angle.  

During the tasks, participants received feedback on the correctness of their 

responses from the computer program (i.e., checks for correct, and exes for incorrect). 

As with the traditional UFOV test, stimuli varied in presentation latency. For the mUFOV 

tasks, however, an adaptive staircase method was used to determine the next 

presented stimulus. After three consecutive-correct responses (for divided attention and 

selective attention tasks, both the central and peripheral responses had to be correct), 

the presentation latency of the stimuli was reduced by 1/60 second, whereas incorrect 

responses resulted in an increase in duration of 1/60 of a second. Each task finished 

after twelve reversals, ten consecutive correct trials at ceiling (1 frame), or 72 trials, 

whichever occurred sooner. A threshold measure was calculated by averaging the 

stimulus duration of the last 10 correct trials (Dye et al., 2009). 

Complex Reaction Time (CRT)  

The CRT (Ball & Owsley, 2000) is a task involving visual scanning which required 

participants to use a computer mouse to respond to visually-presented stimuli, including 

the inhibition of responses to non-target stimuli. The task was administered via a 

Toshiba  Satellite 225CDS laptop computer connected to a 15.5 inch Elo 



 

59 

TouchSystems touchscreen monitor. Participants were seated 57 centimeters from the 

monitor, and asked to maintain this distance for the duration of the task.  

In the task, various road signs were presented and a computer mouse was used 

to make appropriate responses. The road signs included a bicycle, pedestrian, right 

arrow, and a left arrow. Road signs featuring a bicycle or a pedestrian required the 

participant to press a button on the mouse. Arrows required ipsi-directional movement 

of the mouse. Participants were required to search a visual display and respond only to 

signs without slashes, ignoring the array of signs with slashes. Participants’ reaction 

time was computed in milliseconds from onset of the target stimulus, until appropriate 

response (button press or directional mouse movement). Higher scores represented 

slower reaction times.  

Block Design  

This task was included to assess visuoconstructional abilities, and required 

participants to rapidly and accurately arrange dichromatic blocks to replicate a stimulus 

design. This WAIS-III subtest was administered according to manual instructions 

(Wechsler, 1997). Higher scores represented better performance. 

Judgment of Line Orientation (JOLO)  

This task was included to assess basic visuoperceptual skills, and required 

participants to match two lines in an array of 11 lines to two stimulus lines, based on 

position and orientation. Points were awarded for every correctly matched line pair, with 

higher scores corresponding to better performance. In addition to standard task 

administration, testers were instructed to record the trial time, commencing from 

stimulus presentation and terminating upon participants’ verbal response to the trial 
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item. Response latencies did not factor into task scores, but were instead collected to 

obtain a measure of participants’ basic visuoperceptual processing speed. 

Statistical Analysis Plan 

The present study sought to determine whether spatially-demanding videogame 

play might improve older adult’s mental rotation performance, confidence in MRT task 

performance, and/or the confidence-performance relationship. Initial, descriptive sub-

aims included the examination of individual differences and replication of findings in the 

mental rotation literature (e.g., negative effects of age, and better performance by men), 

and an examination of common variance, and mechanisms between mental rotation 

and other visuospatial tasks in the battery. Main study aims (2-3) examined the effects 

of intervention on mental rotation and confidence outcomes. The final exploratory aim 

tested the reciprocal determinism between performance, confidence, and intervention 

group participation.  

The analytical framework for the study involved hierarchical multiple regression, 

and repeated measures ANOVA. Analyses were carried out in IBM SPSS Statistics 

20.0.  

Aims 1.1 and 1.2  

The initial, descriptive aims examined individual differences in MRT median 

reaction time for correct trials, MRT mean accuracy, and speed of analog mental 

rotation, or MRT slope (Aim 1.1) and on mean confidence and veridicality of confidence 

judgments, or gamma correlation (Aim 1.2). These aims also examined the 

concordance between mental rotation performance and confidence and performance on 

selected cognitive tasks in the REVIVA battery (i.e., Object Rotation, UFOV, modified 

UFOV, CRT, JOLO accuracy, JOLO speed, and Block Design). Analyses were 
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conducted in the MRT Baseline Sample (n=108), via stepwise hierarchical regression. 

The first block included participant Age and Gender (Female coded as 1); the second 

block added visual acuity and contrast sensitivity. The final block consisted of the 

cognitive variables, which were included via a stepwise approach; thus, only the 

cognitive variables meeting statistical criteria for sufficient unique predictive variance 

were retained.  

Aims 2 – 3  

The main study aims examined whether mental rotation performance, confidence 

and accuracy of confidence judgments improved subsequent to engagement in Crazy 

Taxi game play, or inSight training. Analyses were conducted in the Study Sample (n = 

54) via repeated measures ANOVA. Baseline values of the dependent variable were 

included as covariates in order to control for individual differences at baseline. Though 

group differences at baseline were not statistically significant, inter-individual differences 

were highly significant and served to mask group-wise trends with respect to change 

over occasions of measurement. Dependent variables included MRT median RT for 

correct items, MRT mean accuracy, MRT slope (Aim 2); mean confidence and accuracy 

of confidence judgments (Aim 3). Repeated measures analyses examined main effects 

baseline level, occasion, intervention group, and occasion by group interaction. 

Hypothesis-driven contrasts compared groups at each occasion, and occasions within 

group. 

Statistical Power Considerations 

Repeated measure power analysis using data from Belchior’s pilot study, 

focusing on the UFOV Selective Attention outcome (Measures) suggested that, for the 

critical occasion by group interaction (i.e., games improved more than controls) an 
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interaction effect size (Cohen’s f) of 0.47 was obtained with the given residual 

covariance matrix. For this critical interaction, 3 groups of 20 participants would have 

yielded a power estimate of 0.82. Given final enrollment of 17-19 individuals per group, 

and assuming an effect size similar to that obtained by Belchior for the omnibus 

interaction, power remains about the same. To test this assumption, observed power 

will be reported for intervention outcome analyses (Aims 2-3). 
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Table 3-1.  Measures used in REVIVA 

Measure Mode of 
assessment 

Description Reference 

*Useful Field of 
View (UFOV) 

Computer, 
timed 

Task 1: Speed, Task 2: Divided 
attention, Task 3: Selective 
attention, Task 4: Same-different 
task  

Ball & 
Owsley, 1993 

Vision test  *Visual acuity; *Contrast sensitivity  
Activities 
Questionnaire 

Paper and 
pencil 

Frequency of engagement in the 
past month in domains of self-
care, mobility and travel, 
employment, exercise, & cognitive 
engagement 

Allaire & 
Marsiske, 
2005; Dirk, 
2005 

Mini-Mental State 
Exam (MMSE) 

Paper and 
pencil 

Basic cognitive screener Folstein, 
Folstein, & 
McHugh, 
1975 

Hopkins Verbal 
Learning Test 
(HVLT) 

Paper and 
pencil 

Verbal word list learning and recall 
and recognition memory after a 20 
minute delay 

Brandt, 1991 

Complex Reaction 
Time (CRT) 

Computer; 
timed 

Time taken for participants to 
perform particular motor behaviors 
(e.g., clicking a mouse, moving a 
mouse) following the screen 
presentation of an instructional 
road sign. 

Ball & 
Owsley, 2000 

Timed 
Instrumental 
Activities of Daily 
Living (tIADL) 

Paper and 
pencil; timed 

Timed performance on everyday 
tasks such as looking up phone 
numbers, counting change and 
reading medication bottles 

Owsley et al. 
2002 

*Judgment of Line 
Orientation (JLO) 

Paper and 
pencil; timed 

Selecting lines out of an array 
matching target lines on location 
and orientation 

Benton et al. 
1983 

DVMental Rotation 
Task (MRT) 

Computer; 
timed 

Mental rotation of 3 dimensional 
figures; post-rotational confidence 
ratings 

Shepard & 
Metzler, 1971 

Driving Simulator Computer; 
timed 

Extension of UFOV subtasks to 
the driving simulator environment 

Belchior, 
2007 

Positive and 
Negative Affect 
Scale (PANAS) 

Paper and 
pencil 

Self-report measure of positive 
and negative affect experienced 
during the past week 

Watson, 
Clark & 
Tellegen, 
1989 

Crazy Taxi play Playstation2 3 minutes of play in arcade mode 
recorded with video capture 

Acclaim, 
2001 
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Table 3-1.  Continued. 

Measure Mode of 
assessment 

Description Reference 

Modified Useful 
Field of View 
(mUFOV) 

Computer; 
timed 

Task 1: Speed, Task 2: Divided 
attention, Task 3: Selective 
attention; modified to allow 
differential scoring of central and 
peripheral tasks 

Dye, Hauser & 
Bavelier, 2009 

Multiple Object 
Tracking 

Computer Tracking of multiple moving objects 
on the screen 

Trick, Perl & 
Sethi, 2005 

Object Rotation Paper and 
pencil; timed 

Mental rotation of line drawings of 
everyday objects, from the Schaie-
Thurstone Mental Abilties Test 

Schaie,1985 

Geriatric 
Depression 
Scale (GDS) 

Paper and 
pencil 

Self-reported depression Yesavage 
&Sheikh,1986 

Attentional 
Blink 

Computer Speed of detection of visually 
presented figures in a stream of 
figures 

Green & 
Bavelier, 2003 

Block Design  Paper and 
pencil; timed 

Accuracy and speed of 
visuospatial motor construction; 
from the Wechsler Adult 
Intelligence Scale, 3rd Edition 

Wechsler, 1997 

InSight  
assessment 

Computer 10 minutes of play on each InSight 
game: Sweep Seeker, Bird Safari, 
Jewel Diver, Master Gardener, and 
Road Tour 

PositScience 
Corporation, 
2007 

Flow State 
Scale 

Paper and 
pencil 

Based on the Csikszentmihalyi, 
(1991) concept of flow. Measure of 
engagement. 

Jackson & 
Marsh, 1996 

Note. *Measures utilized in the present analyses 
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Table 3-2. Baseline and Study Sample characteristics 

 
MRT Baseline Sample (n=108) Study Sample (n=54)  

 
Mean Range SD Mean Range SD 

N 108 
  

54 
  Age (years) 73.6 65.1 - 91.0 5.9 73.3 65.1 - 85.6 5.5 

Sex (% female) 65.7%  
  

63.0%  
  Race (% white) 92%  

  
88.9% 

  Education (years) 16  
  

16  
  Marital status (% married) 54%  

  
57%  

  MMSE 28.2 20.0 - 30.0 1.8 28.6 23.0 -30.0 1.6 

Visual Acuity 5.8 1.0 -7.0 1.0 5.8 4.0 - 7.0 0.9 

Contrast Sensitivity 29.8 9.0 - 43.0 7.0 30.6 14.0 - 42.0 6.5 

Note. SD=standard deviation, MMSE=Mini-Mental Status Exam 
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Table 3-3. Intervention group characteristics 

 
Crazy Taxi (n=17) InSight (n=19) Control (n=18) 

 
Mean Range SD Mean Range SD Mean Range SD 

Age (years) 72.3 65.1 - 84.9 5.8 74 66.1 - 85.6 5.6 73.6 67.0 - 84.0 5.2 

Sex, (% female) 76.5 
  

57.9 
  

55.6 
  Race, (% white) 76.5 

  
94.7 

  
84.4 

  Education (years) 16  
  

16  
  

16  
  Marital Status (% married) 58.8%  

  
52.6%  

  
61.1% 

  MMSE 28.8 25.0 - 30.0 1.3 28.4 23.0 - 30.0 1.8 28.6 23.0 - 30.0 1.7 

Visual Acuity 6 4.0 - 7.0 0.87 5.84 4.0 - 7.0 1 5.7 4.0 - 7.0 0.84 

Contrast Sensitivity 32.8 19.0 - 42.0 6.1 30.2 14.0 - 39.0 6.2 28.8 15.0 - 41.0 6.8 

Note. SD=standard deviation, MMSE=Mini-Mental Status Exam 
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Figure 3-1. REVIVA study timeline 
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Figure 3-2. Crazy Taxi screen shots. A: Taxi executing a jump with drop-off 

destination displayed in a small window on the left side of the screen; B 
Driving in traffic, yellow arrow above taxi indicates drop-off point is 
approaching; C: Drop-off destination highlighted in green ahead; D: 
Completed drop-off with bonus points for a speedy delivery. 

A B 

C D 
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Figure 3-3. InSight games 
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Figure 3-4. REVIVA Consort Diagram 
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Figure 3-5. Mental Rotation Task (MRT) stimuli 
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Figure 3-6. Confidence judgments prompt  
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Figure 3-7. The Useful Field of View task (UFOV). A: Central identification task stimulus 

screen (car); B: Selective attention stimulus screen (car in the center and in 
the periphery); C: Response screen prompting for location of peripheral 
object; D: Participant using touchscreen to make a response. 

A B 

C D 
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Figure 3-8. The Modified Useful Field of View, Selective Attention task. 
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CHAPTER 4 
RESULTS 

Overview 

 
The present study investigated cognitive predictors of mental rotation 

performance, as well as training-related change in mental rotation performance, mental 

rotation-specific confidence, and the performance-confidence relationship, in a sample 

of healthy older adults.  

Preliminary Analyses 

Means and standard deviations for all cognitive measures assessed in the MRT 

Baseline Sample are presented in Table 4-1. Means and standard deviations for the 

MRT performance and confidence variables assessed between groups (Study Sample) 

are presented in Table 4–2. Means and standard deviations are presented in each 

measure’s raw (original) metric. Prior to conducting hierarchical regression analyses, 

the data were examined for violations of normality assumptions. The variables MRT 

median RT for correct trials, MRT slope, MRT accuracy, mean confidence, gamma, 

UFOV, mUFOV, CRT, JOLO RT, and JOLO accuracy violated assumptions of normality 

with regard to skewness and/or kurtosis. Prior to being included in analyses, these 

variables were Blom transformed (Blom, 1958), producing normalized standard scores 

with mean = 0. The Blom transformation takes the inverse normal transformation of the 

relative rank of each value of an item distribution, yielding a z-score equivalent, under 

the assumption that the underlying true score is normally distributed (Blom, 1958). 

 Initial analyses examined bivariate relationships between mental rotation 

performance and confidence variables, and selected cognitive measures collected at 

baseline (see Table 3-1 for a list of measures utilized). Correlations were assessed in 
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the MRT Baseline Sample (n = 108), and presented in Table 4-3. Significant 

correlations ranged from -.20 to .62 (small to large; Cohen, 1988), the largest between 

MRT median RT and MRT Slope, which are intrinsically related. Furthermore, baseline 

group differences on the key outcome measures were examined in the Study Sample. 

One-way ANOVA resulted in no omnibus group effects across variables; however post 

hoc analyses revealed group difference trends (e.g., in confidence) that did not survive 

Bonferroni correction for multiple comparisons.      

Aim 1.1: Individual Differences in Baseline MRT Performance 

This aim examined demographic, sensory, and cognitive predictors of baseline 

mental rotation performance. With regard to predictors of median RT for correct 

responses (i.e., overall task response time), results of hierarchical regression analyses, 

detailed in Table 4-4, revealed only Block Design as a unique significant negative 

predictor (= -.39, p < .001). As performance on Block Design increased, MRT median 

RT decreased; better performance on Block Design was associated with better 

response times on the MRT. Consistent with prior findings in the mental rotation 

literature, men performed at a higher level of accuracy in the present study ( = .30 and 

.28, p < .01; Table 4-5, Steps 1 & 2, respectively). This effect became non-significant 

when cognitive predictors were included in the regression, resulting in JOLO mean RT 

( = -.32, p < .01), and Object Rotation performance ( = .23, p < .05) as unique 

significant predictors of MRT accuracy. Increased JOLO RT was associated with lower 

MRT accuracy, while better Object Rotation performance was associated with higher 

MRT accuracy. Finally, better contrast sensitivity ( = .29, p < .05) and better Object 
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Rotation performance ( = .31, p < .01) was associated with steeper slopes of analog 

mental rotation (i.e., faster, better performance; Table 4-6). 

Aim 1.2: Individual Differences in Confidence 

With regard to mean confidence level, regression analyses revealed that men 

endorsed significantly higher levels of confidence than women ( = .21, p < .05; Table 

4-7, Step1). This effect became non-significant with the inclusion of visual acuity and 

contrast sensitivity in Step 2. This result implies the presence of shared variance with 

regarding to individual differences in gender and visual functioning. Follow-up t-test 

analyses revealed a trend in contrast sensitivity, with men (n = 20) having higher values 

than women (Mmen = 32.7 vs. Mwomen = 29.3, p = .061); the trend did not reach 

significance.  Among cognitive variables, only MRT accuracy was a significant unique 

predictor of confidence ( =.47, p < .001). Higher accuracy was associated with higher 

levels of confidence. With the inclusion of MRT accuracy in the model, individual 

differences in age attained significance ( = .04, p < .05), with older age associated with 

higher levels of confidence. Finally, only Object Rotation ( = .33, p < .01) was a unique 

significant predictor of relative accuracy of confidence judgments (Gamma), with better 

Object Rotation performance (number correct minus number incorrect) being associated 

with higher accuracy (Table 4-8). 

Aim 2: Training Effects on MRT Performance 

 Mixed between-within analyses of variance were conducted to examine 

intervention effects on MRT performance. The between-participants factor was 

intervention group (Crazy Taxi, inSight, Control); the within-participants factor was 

occasion (post-test, follow-up). Baseline values were utilized as covariates, to control for 
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individual differences at baseline. With regard to median RT, Levene’s test for the 

homogeneity of variance between interventions groups did not reach significant for the 

within-subjects conditions; so regular F-tests were reported. The same was true for 

Mauchly’s test, suggesting no violation of the sphericity assumption. In the absence of a 

significant main effect of occasion, the occasion x intervention group interaction was 

significant, F(1,46) = 4.283, p = .020,p 
2 =.16, Observed Power = .72. Post hoc 

analyses revealed that the significant interaction stemmed from a significant effect of 

occasion for the Crazy Taxi group (p = .022). That is, median RT decreased significantly 

from post-test to follow-up (mean difference =.328 in Blom metric; which translates to 

approximately 1 second) suggesting improved performance in this group. Figure 4-1 

displays this effect graphically. 

With regard to mean accuracy, there were no significant main effects, 

interactions, or contrasts (Observed Power for occasion x group interaction = .21,p 
2 

=.04). Overall, changes in accuracy were very small and did not reach significance (e.g., 

all < .250 in Blom metric; mean accuracies were 79% and above for all groups, Table 4-

2). Finally, there was no significant main effect of occasion, and no significant 

interaction with intervention group for the MRT slope dependent variable (Observed 

Power for occasion x group interaction = .36,p 
2 = .08). However, planned intervention 

group contrasts revealed a significant effect favoring the Crazy Taxi group, relative to 

InSight (mean difference = .535; which translates to apprximately 8.32 degrees/second; 

p = .034) and Control groups (mean difference = .640; which translates to approximately 

8.24 degrees/second, p = .009) at follow-up. Crazy Taxi participants attained 
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significantly better slopes than both comparison groups at the third occasion of 

assessment (p 
2 = .12). This effect is depicted graphically in Figure 4-2.  

Aim 3: Training Effects on Confidence 

Mixed between-within analyses of variance were conducted to examine 

intervention effects on confidence. The between-participants factor was intervention 

group (Crazy Taxi, inSight, Control); the within-participants factor was occasion (post-

test, follow-up). Baseline values were utilized as covariates, to control for individual 

differences at baseline. For both mean confidence (Observed Power for occasion x 

group interaction = .304,p 
2 =.06), as well as relative accuracy of confidence 

judgments (gamma; Observed Power for occasion x group interaction = .121,p 
2 =.02 

), no main effects, interactions, or contrasts were significant.  
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Table 4-1. Means and standard deviations for cognitive measures in the MRT Baseline 

Sample  

Measure n Mean SD 

MRT RT  108 5.74 2.97 

MRT Accuracy 108 0.83 0.12 

MRT Slope  100 22.78 16.31 

Confidence 108 8.39 2.11 

Gamma 108 0.41 0.46 

Block Design 94 30.45 8.45 

Object Rotation 95 23.63 11.98 

mUFOV 94 587.05 257.04 

UFOV  109 761.57 260.30 

CRT 108 1.69 0.47 

JOLO Accuracy 108 23.19 4.61 

JOLO RT 108 6.11 2.39 

Note. RT=response time in seconds; Slope=speed of mental rotation in 
degrees/second, mUFOV=modified Useful Field of View, UFOV=Useful Field of View, 
CRT=complex reaction time, JOLO=judgment of line orientation. 
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Table 4-2. Means and standard deviations for MRT performance and confidence 
variables by group (Study Sample, n = 54) 

 Baseline Post-test Follow-up 
 Mean SD Mean SD Mean SD 

Crazy Taxi (n = 16) 
MRT RT 6.00 3.75 6.17 3.49 4.90 2.67 
MRT Accuracy 0.85 0.11 0.87 0.09 0.89 0.07 
MRT Slope 24.39 16.88 25.17 18.91 25.75 14.78 
Confidence 9.19 0.83 9.05 0.77 8.59 1.68 
Gamma 0.45 0.43 0.58 0.36 0.42 0.62 

InSight (n = 17) 
MRT RT 6.11 3.27 6.30 3.24 5.65 2.70 
MRT Accuracy 0.85 0.09 0.85 0.13 0.89 0.11 
MRT Slope 20.96 19.84 21.01 18.75 20.75 16.32 
Confidence 8.27 2.13 8.03 2.27 8.83 1.09 
Gamma 0.65 0.23 0.37 0.49 0.43 0.49 

Control (n = 18) 
MRT RT 5.13 1.61 5.13 1.61 5.43 2.19 
MRT Accuracy 0.79 0.14 0.79 0.14 0.86 0.11 
MRT Slope 27.67 15.20 24.36 12.86 19.51 10.97 
Confidence 8.21 2.12 8.21 2.12 8.78 1.30 
Gamma 0.47 0.36 0.47 0.36 0.55 0.35 

Note. RT=response time in seconds; Slope=speed of analog mental rotation in 
degrees/second. 
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Table 4-3. Bivariate correlations between cognitive measures at baseline (MRT Baseline Sample, n = 108) 
 1 2 3 4 5 6 7 8 9 10 11  12 

MRT RT 1            
MRT Accuracy -.03 1           
MRT Slope .62** -.24* 1          
Confidence -.03 .40** -.16 1         
Gamma .01 .34** -.09 .12 1        
Block Design -.42** .36** -.21 .24* .11 1       
Object Rotation -.32** .40** -.26* .11 .37** .42** 1      
mUFOV .05 -.28** .14 -.01 -.13 -.18 -.33** 1     
UFOV .13 -.17 .13 .01 -.13 -.06 -.16 .46** 1    
CRT .44** -.14 .22* .10 -.16 -.42** -.30** .29** .30** 1   
JOLO Accuracy  -.21* .39** -.20* .25* .19 .52** .37** -.12 -.06 -.25** 1  
JOLO RT .42** -.36** .23* -.20* -.17 -.53** -.37** .27** .32** .48** -.35** 1 

Note. RT=response time in seconds; Slope=speed of analog mental rotation in degrees/second, mUFOV=modified Useful 
Field of View, UFOV=Useful Field of View, CR =complex reaction time, JOLO= judgment of line orientation, 
*p < .05; ** p < .01 
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Table 4-4. Predictors of individuals’ median response time on the MRT (Baseline 
Sample, n = 108)  

 B SE Beta 

Step 1    

Constant -2.27 1.30  

Age  0.03 0.02 .19 

Male -0.04 0.21 -.02 

Step 2    

Constant 0.73 1.70  

Age  0.02 0.02 .09 

Male -0.02 0.21 -.01 

Visual acuity -0.22 0.13 -.21 

Contrast sensitivity -0.02 0.02 -.12 

Step 3    

Constant 1.32 1.57  

Age  0.02 0.02 .11 

Male 0.04 0.19 .02 

Visual acuity -0.21 0.12 -.20 

Contrast sensitivity -0.01 0.02 -.04 

Block Design -0.05 0.01 -.39*** 

Note. R2 = .04 for Step 1, R2 = .07 for Step 2 (p = .035), R2 = .14 for Step 3 (p < 
.001), ***p < .001. 
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Table 4-5. Predictors of MRT accuracy (MRT Baseline Sample, n = 108) 

 B SE Beta 

Step 1    

Constant 1.30 1.27  

Age  -0.03 0.02 -0.17 

Male 0.60 0.21 0.30** 

Step 2    

Constant 0.83 1.71  

Age  -0.03 0.02 -0.15 

Male 0.56 0.21 0.28** 

Visual acuity -0.07 0.13 -0.06 

Contrast sensitivity 0.02 0.02 0.14 

Step 3    

Constant -0.09 1.57  

Age  -0.01 0.02 -0.04 

Male 0.31 0.20 0.15 

Visual acuity -0.19 0.12 -0.17 

Contrast sensitivity 0.03 0.02 0.16 

JOLO RT -0.33 0.11 -0.32** 

Object Rotation 0.02 0.01 0.23* 

Note. R2 = .107 for Step 1, R2 = .01 for Step 2 (ns), R2 = .04 for Step 3 (p = .031), 
JOLO = judgment of line orientation, RT = response time, *p < .05, **p < .01 
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Table 4-6. Predictors of MRT slope (MRT Baseline Sample, n = 108) 
 B SE Beta 

Step 1    

Constant 0.76 1.40  

Age  -0.01 0.02 -0.05 

Male -0.04 0.23 -0.02 

Step 2    

Constant -0.90 1.82  

Age  0.00 0.02 -0.01 

Male -0.12 0.23 -0.06 

Visual acuity -0.07 0.14 -0.06 

Contrast sensitivity 0.05 0.02 0.30* 

Step 3    

Constant -1.51 1.77  

Age  0.01 0.02 0.06 

Male -0.30 0.23 -0.15 

Visual acuity -0.14 0.14 -0.13 

Contrast sensitivity 0.05 0.02 0.29* 

Object Rotation 0.03 0.01 0.31** 

Note. R2 = .003 for Step 1, R2 = .08 for Step 2 (p =.044), R2 = .08 for Step 3 (p = 
.009), Slope = speed of analog mental rotation in degrees/second, *p < .05, **p < .01. 
 
Table 4-7. Predictors of mean confidence (MRT Baseline Sample, n = 108) 
 B SE Beta 

Step 1    

Constant -2.34 1.25  

Age  0.03 0.02 0.16 

Male 0.41 0.20 0.21* 

Step 2    

Constant -2.31 1.65  

Age  0.03 0.02 0.16 

Male 0.36 0.20 0.19 

Visual acuity -0.14 0.13 -0.14 

Contrast sensitivity 0.03 0.02 0.19 

Step 3    

Constant -2.36 1.48  

Age  0.03 0.02 0.22* 

Male 0.07 0.19 0.04 

Visual acuity -0.15 0.11 -0.14 

Contrast sensitivity 0.02 0.02 0.12 

MRT Accuracy 0.46 0.10 0.47*** 

Note. R2 = .078 for Step1, R2 = .03 for Step 2 (ns), R2 = .188 for Step 3 (p < .001), *p 
< .05, ***p < .001  
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Table 4-8. Predictors of gamma/relative accuracy of confidence judgments (MRT 
Baseline Sample, n = 108) 

 B SE Beta 

Step 1    

Constant 1.45 1.28  

Age  -0.03 0.02 -0.16 

Male 0.35 0.21 0.18 

Step 2    

Constant 0.14 1.71  

Age  -0.02 0.02 -0.12 

Male 0.35 0.21 0.18 

Visual acuity 0.13 0.13 0.12 

Contrast sensitivity 0.00 0.02 0.02 

Step 3    

Constant -0.49 1.65  

Age  -0.01 0.02 -0.05 

Male 0.16 0.21 0.08 

Visual acuity 0.05 0.13 0.05 

Contrast sensitivity 0.00 0.02 0.01 

Object Rotation 0.03 0.01 0.33** 

Note. R2 = .052 for Step 1, R2 = .016 for Step 2 (ns), R2 = .09 for Step 3 (p = .005) 
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Figure 4-1. Intervention group differences in median response time. A: Model-implied 

trends; B: Raw trends, bars represent 95% confidence intervals. 

A 

B 
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Figure 4-2. Intervention group differences in slope. A: model-implied trends; B: Raw 

trends, bars represent 95% confidence intervals. 

A 

B 
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CHAPTER 5 
DISCUSSION 

Overview of Findings 

The present study examined individual differences in and cognitive predictors of 

mental rotation performance and confidence. The purpose of the initial study aims was 

to determine the association between the current MRT, and other visuospatial tasks 

(e.g., JOLO, Block Design). The main study aims (2-4) examined spatially-demanding 

videogame intervention effects on mental rotation performance, confidence, and the 

performance-confidence relationship. Results of the videogame intervention group were 

compared to those of a visuospatial skills training group (inSight) and to a no-contact 

control group.  

Individual Differences and Cognitive Predictors of MRT Performance and 
Confidence 

MRT performance variables included overall response time, accuracy, and the 

slope, or speed of analog mental rotation. The median response time (calculated from 

correct responses only) is thought to encompass several stages of processing, including 

stimulus encoding, visual scanning to compare shapes, analog mental rotation of 

shapes into congruence (captured by slope), decision making, and response via button 

press (Shepard & Metzler, 1971). Among the demographic, sensory, and cognitive 

predictors, only Block Design emerged as a significant predictor of response time. 

Participants who performed better on Block Design also had faster response times. This 

outcome is encouraging, given that mental rotation and Block Design have similar 

neural underpinnings. Block Design is thought to reflect visuospatial constructional 

ability and has also been linked to activation of the right parietal lobe (Chase et al., 
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1984). Similarly, mental rotation performance commonly activates bilateral core regions 

in the superior and inferior parietal lobe (Jordan, Heinze, Lutz, Kanowski, & Jancke, 

2001). Procedurally, Block Design requires individuals to utilize colored, 3- dimensional 

blocks to reproduce a 2-dimensional pattern. The task is scored based on accuracy and 

timeliness, with faster reproductions earning higher scores. Overall, the association 

between MRT RT and Block Design highlights individual differences in fast and 

accurate visuospatial processing and manipulation. It is likely that individuals who are 

faster on Block Design are better able to translate the 2-dimensional image into the 3-

dimensional plane, and pre-plan their actions with regard to block placement. Both of 

these skills likely rely on mental representation and manipulation ability, similar to that 

employed for mental rotation. 

Consistent with prior mental rotation studies, gender differences favoring men in 

MRT accuracy emerged. These effects became non-significant when cognitive 

predictors were included in the regression, suggesting the presence of shared variance 

between gender and visuospatial measures in the battery (JOLO RT and Object 

Rotation). Unique significant predictors of MRT accuracy included JOLO mean 

response time and Object Rotation performance, with faster JOLO response time and 

better Object Rotation performance associated with higher MRT accuracy. Object 

Rotation net correct scores penalize for guessing, thus the significant unique 

association between MRT accuracy and Object Rotation highlights shared variance that 

might be attributed to decision-making. On a methodological level, the significant 

association between MRT accuracy and Object Rotation supports the MRT’s construct 

validity. The association with JOLO RT is less clear. Accuracy on the MRT paradigm 
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was independent of speed, since the paradigm allowed participants to pace themselves. 

The same was true for the JOLO paradigm, with RT being computed independent of 

accuracy (and vice versa).  

Higher speed of analog mental rotation (steeper Slope) was associated with 

better contrast sensitivity and better Object Rotation performance. Combined with the 

results from MRT accuracy (above), this finding supports the construct validity of the 

present MRT paradigm (and the Slope variable; however see Limitations). Furthermore, 

it may be the case that the speed of accurate mental manipulation, like visuospatial 

processing speed, is related to the capacity to perceive contrast gradients (Clay et al., 

2009). The significant unique association between Object Rotation and MRT Slope 

might capture the analog mental rotation ability variance, which is required for both 

tasks. Overall, results from analyses investigating predictors of MRT performance are 

broadly consistent with study hypotheses in that better sensory function and better 

performance on tasks assessing visuospatial accuracy and speed were associated with 

better performance across MRT outcomes. 

With regard to individual differences in confidence, consistent with study 

hypothesis, men reported higher levels of confidence than women and as a group, 

appeared to have slightly better contrast sensitivity (difference did not reach 

significance). Among cognitive variables, only MRT accuracy was a significant predictor, 

suggesting that individuals who were more accurate were also more confident in their 

responses. This result also highlights that confidence, assessed here as post-diction 

following each trial, represents the individual’s judgment of their accuracy. Since 

participants were given ample time to generate their responses, there is reason to 
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believe that they responded once they were fairly certain that their answer was correct.  

As such, the confidence variable is likely a poor measure of either global, or domain 

specific self-efficacy, which is better assessed when decoupled from performance (e.g., 

via questionnaire). Future research must validate the post-diction confidence questions, 

by correlating them with traditional domain-specific and domain-general measures of 

self-efficacy. The emergence of age effects on confidence, with accuracy accounted for, 

suggests the presence of suppressor effects. It may be the case that younger 

participants were slightly more accurate, and with the variance between younger age 

and accuracy accounted for, older age emerged as a significant positive predictor of 

confidence. Relative accuracy of confidence judgments (Gamma), or the extent to which 

post rotational confidence level predicts accuracy was best predicted by Object Rotation 

performance. Given that Object Rotation is computed by subtracting the number of 

incorrect response from the number of correct responses, the association with relative 

accuracy highlights an individual difference in self-monitoring of performance 

(metacognition). 

Intervention Effects on MRT Performance and Confidence 

With regard to MRT performance variables, there were no significant group 

differences in response time; however unlike the inSight and Control groups, the Crazy 

Taxi group attained faster overall response times between post-test and 3-month follow-

up. During the 3-month period between post-test and follow-up, participants were 

instructed not to play videogames or engage in cognitive training (although this could 

not be independently confirmed), so the effect observed appears to be a “delayed” 

transfer effect of Crazy Taxi game play. This finding supports the body of work on 
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videogame interventions, showing transfer from videogame play to cognitive tasks (i.e., 

far transfer), and is consistent with the idea that videogames train aspects of processing 

speed (Dye, Green, & Bavelier, 2009; Green et al., 2010).  

The finding of delayed intervention transfer effects is not unique in the cognitive 

training literature, with other studies reporting transfer effects at delayed follow-up, 

exceeding those obtained at immediate post-test (e.g., Feng et al., 2007; Willis et al., 

2006). A potential mechanism of delayed transfer in the present case may be an 

alteration in spatial processing habits. For example, a Crazy Taxi player may continue 

to utilize the spatial planning skills learned during game play, in everyday life – in 

particular while driving. Anecdotally, several participants who received InSight-like 

training in the ACTIVE study (spontaneously), reported “seeing the world differently” 

(less narrowly focused attention) following training (Michael Marsiske, personal 

communication, February 27, 2013). In their review of the cognitive training benefits 

derived from playing first person shooter videogames (a different type of action 

videogame which requires the player to shoot enemies while navigating a virtual 

environment), Green and Bavelier (2012) also note that cognitive advantages might not 

be immediate; they write:  

Game playing may not convey and immediate advantage on new tasks 
(increased performance from the very first trial), but rather the true effect of 
action video game playing may be to enhance the ability to learn new tasks. 
Such a mechanism may serve as a signature of training regimens that are 
likely to produce transfer of learning (p. 1). 

The Crazy Taxi group also attained significantly slopes (speeds of analog mental 

rotation) than inSight and Control participants. In other words, Crazy Taxi participants 

became more efficient at manipulating mental representations of objects (able to cover 
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more degrees of space per second). Although speculative, it is possible that this change 

was facilitated by specific aspects of the Crazy Taxi game experience, namely spatial 

planning and rapid directional decision-making. Concretely, in order to execute a high-

speed turn (a staple game-play element), the player needs to plan and visualize their 

trajectory, or they crash and slow down (resulting in a score penalty). If Crazy 

Taxiaffected older adults’ use of allocentric navigation strategy, the application of 

these skills to everyday driving would supply additional cognitive-behavioral practice.  

Moreover, the presence of delayed, but not immediate effects is in line with the idea that 

videogame play might affect broader cognitive abilities. Speculatively, the 

discontinuation of videogame play subsequent to post-test would force study 

participants to apply enhanced or new abilities (e.g., processing speed) to other tasks 

and challenges (e.g., driving), which is the definition of transfer.  

The delayed intervention effects observed in this study differ from the commonly 

observed immediate (i.e., post-test) effects and thus warrant additional comment. Group 

difference at baseline, although non-significant, coupled with significant individual 

differences and small sample size likely obscured any immediate intervention gains. 

Covarying out baseline level addressed this issue statistically, in addition providing a 

“power boost” to repeated measures’ by accounting for within person variability. In light 

of these analytical choices, an important question is whether the observed transfer 

effects are “real” and durable. In the cognitive intervention literature more generally, it is 

common to observe poor transfer, and dissipation of training effects (Hertzog et al., 

2008). However, focusing on videogame interventions, transfer effects to cognitive skills 

(including mental rotation) appear to be durable (Feng et al., 2007; Green & Bavelier), 
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2012) supporting the idea that videogames seem to facilitate more generalized (i.e., 

ability) and thus transferable changes in important cognitive functions, such as 

allocation of attention (Green & Bavelier, 2012). The latter evidence would suggest that 

any “real” changes in mental rotation resulting from videogame play would be durable; 

however durability is likely to be attenuated by age-related (and especially pathological) 

declines in health and cognition. The examination of durability, or maintenance of 

transfer effects would be an important area of research.   

Limitations   

The present study was affected by a number of limitations. These included 

participant sample selectivity, MRT paradigm construction constraints, and reduced 

variable reliabilities. 

The present study sample (n = 54) was selective in nature, and represents a 

subset of individuals who were initially screened (71/149), and a subset of those 

ultimately randomized (54/71) (Figure 3-4). Importantly, the sample sizes for each group 

were below estimates stemming from power analyses (21 per group needed to detect 

expected effect sizes on the visual attention primary outcomes), which likely resulted in 

decrement in power to detect significant effects in aims 2-4. Beyond the selection 

criteria for participation, which excluded older adults with cognitive, sensory, or motor 

difficulties (Methods), participation in the REVIVA study entailed notable time and effort 

commitments. Although specific personality factors were not assessed, it is likely that 

individuals who completed the study constitute a subsample sharing certain traits and/or 

predispositions. These likely included faith in science, and beliefs in cognitive plasticity, 

interventions, and/or videogames, as well as general openness and cognitive flexibility, 
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conscientiousness, and pre-existing background in health, wellness, and cognition-

promoting behaviors and lifestyles.   

The MRT paradigm, and derived outcome variables (i.e., RT, Accuracy, Slope) 

were also marked by limitations. Overall, the MRT as administered was significantly 

abridged, relative to paradigms commonly utilized in the mental rotation literature (Bert 

et al., 1982; Hertzog & Rypma, 1991; Shepard & Metzler, 1971). The present MRT 

paradigm was comprised of only 105 trials (5 of which were for practice), while it is not 

uncommon for MRT paradigms to be 400 trials or more (e.g., Hertzog & Rypma, 1991). 

Outcome variables like median RT and Slope, which were computed only from correct 

trials, were therefore particularly vulnerable to unreliability stemming from too few trials.  

The MRT Slope variable utilized in the present analyses was ultimately computed 

in a non-traditional manner. Due to the small number of trials, a number of participants 

had too few correct trials per angle difference, resulting in non-linear slopes when 

computed via regression (i.e., via traditional means). The present slopes were 

computed via subtraction, under the assumption that the underlying trajectory is linear. I 

Another limitation pertaining to the MRT paradigm is the angle differences 

included, which lacked a difference of zero. Angle differences included 30, 60, 90, 120, 

150 and 180 degrees. An angle difference of zero would have provided the intercepts to 

the regression functions producing the slope of analog mental rotation. The intercept is 

conceptualized as the “baseline” for non-rotational processes (e.g.., stimulus encoding, 

visual scanning between figures, decision, button press; Shepard & Metzler, 1971). The 

zero angle difference stimuli were excluded due to time constraints, stemming from the 
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extensive nature of the REVIVA testing battery (Table 3-1). The same reason 

accounted for the aforementioned abridgment of the MRT paradigm.  

Conclusions 

Crazy Taxi, a fast-pace, spatially-demanding, driving action videogame showed 

promise as an intervention approach. Positive changes in mental rotation efficiency in 

the Crazy Taxi group were consistent with trends from other videogame studies in 

younger adult groups, which showed transfer of benefits from videogame play to 

visuospatial processing speed and mental rotation. Contrary to hypotheses, there were 

no significant intervention effects on confidence, relative accuracy of confidence 

judgments, or the performance-confidence relationship; however it is possible that low 

power might have contributed to these effects  

Links to Theory 

Speed of processing, attention, and aspects of memory have consistently shown 

to be age-sensitive (Drag & Bieliauskas, 2009). The present study provides preliminary 

evidence that playing a spatially-demanding action videogame boosts age-sensitive 

cognitive skills (i.e., speed of visuospatial processing) in healthy older adults. It is 

important to consider the present intervention in a broader theoretical framework. For 

example, a comprehensive theory of cognitive aging, described by Park and Reuter-

Lorenz (2009), is termed Scaffolding Theory of Aging and Cognition (STAC; Figure 5-1). 

In the STAC framework, videogame play might be conceptualized as “scaffolding 

enhancement,” promoting neural changes such as neurogenesis. A particular strength 

of videogames, is that they embody multiple elements of scaffolding enhancement – 

new learning, engagement, and cognitive training (as well as exercise in some cases). 

Importantly, videogames incorporate numerous characteristics of “good pedagogy,” 
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including ratio of massed versus distributed practice, a regimen that is tailored to the 

individual, incremental steps during learning, engagement, fun, and effective 

reinforcement and reward scheduling (Green & Bavelier, 2012). Since all cognitive 

training at its core strives to promote learning, videogames might be particularly well-

suited to promote scaffolding enhancement, beyond what might be accomplished with 

targeted skills training.  

In addition to learning-beneficial characteristics, most action videogames 

(including Crazy Taxi) differ from more focused training regimens that have generally 

failed to show transfer effects in that they include a broader variety of stimuli and tasks 

(Green & Bavelier, 2012). Green and Bavelier (2012) argue that practice on multiple 

tasks that hierarchically share one or more component processes (i.e., top-down 

attention skills) promotes the ability to learn at the ‘meta’ level, which transfers to novel 

tasks. These authors make the case that first person shooter videogames promote the 

efficiency of top-down allocation of attention; a theory that is receiving mounting support 

at the cognitive-behavioral and neuro-functional levels (Bavelier et al., 2012; Mishara et 

al., 2011; Wu et al., 2012). Crazy Taxi differs from first person shooter games in tasks 

demands, for example there is less emphasis on vigilance and marksmanship (there is 

no enemies and no shooting), so it is possible that Crazy Taxi affects a different (yet 

related) ‘meta’ skill – speed of visuospatial processing. The ‘meta’ nature of processing 

speed has been posited by Salthouse (1993), who argued that slowed processing 

speed underlies other cognitive losses (e.g., in reasoning). The current results support 

the idea that gameplay promoted processing speed, however more work would need to 
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be done to separate potential speed gains from other changes and enhancements (e.g., 

in visuospatial working memory, spatial planning, efficiency of attentional allocation).   

Implications for Clinical Practice 

As the STAC theory suggests, changes in neural integrity and neural function 

lead to changes in cognition. Consequently, a common question that older adults and 

their families pose to clinicians is: What should I do to improve my cognition? In 

considering videogames as a potential recommendation, clinicians might consult criteria 

for empirically validated therapies (Chambless et al., 1998) as well as the practice 

parameters of the American Academy of Neurology. Given the nature of the evidence 

from videogame studies in general, at present we lack the ability to make evidence-

based recommendations for practice, above all because there is insufficient data from 

studies of older adults. On the other hand, clinicians might be inclined to suggest 

videogame play to older adults in light of these games’ other attributes, including 

novelty, engagingement, fun, and their potential to confer social-relational benefits (e.g., 

bonding with grandchildren, playing with others online). 

Future Directions 

The present study examined videogame interventions in a relatively small, 

selective sample of healthy, community dwelling older adults. It will be important to 

extend investigation efforts to, a) larger samples of older adults, and b) individuals who 

have begun to experience declines in cognition. Such efforts would build on the present 

findings via replication and increased generalizability.    

Furthermore, to be maximally informed regarding the utility of videogames to 

promote cognitive skills like visuospatial speed, it would be useful to examine other 

videogames. One potential limitation of Crazy Taxi is its relatively repetitive nature, 
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which might discourage adherence over time. There are numerous alternative games 

that likely supply a similar type of cognitive challenge (e.g., Burnout Paradise by EA 

Games, and Forza Horizon by Playground Games and Turn 10 Studios). Forza 

Horizon, for example, also allows for an online multiplayer experience that might 

supply players with the social and motivational incentives and rewards that would 

further facilitate engagement and adherence. 

In the present study, mental rotation ability was conceptualized as the outcome 

of interest; however it would also be important to determine whether mental rotation 

skills might mediate the relationship between videogame play and real-world skills such 

as driving, map-reading, orientation in space, or navigation. Such studies would help 

support the utility of videogames in promoting cognitive skills that directly translate to 

better behavioral outcomes for older adults.  

As suggested above, it is possible that Crazy Taxi play trains a common 

process, visuospatial processing, which promotes transfer to cognitive (and hopefully 

real-world) tasks. This needs to be examined empirically. One potential approach would 

entail the derivation of a “speed” factor and controlling for its variance in repeated 

measures analyses. Another approach, predicated on the idea that videogame play 

promotes the ability to “learn to learn” (Green & Bavelier, 2012) might be to assess 

within task trial by trial changes in accuracy and speed. Videogame-trained participants 

would be expected to improve faster within a task, relative to other groups. 

Prior to recommending videogames as an intervention, it will also be important to 

assess videogame play for deleterious effects (e.g., increased arthritis of the hands, 

increased visual strain, headaches). Furthermore, including videogame play as part of a 
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randomized controlled trial including a physical exercise group, as well as combined 

videogame/exercise condition would address the important questions regarding “best 

practice,” as well as potential concerns regarding the sedentary nature of videogame 

play (relative to exercise).  

Finally, the present training samples engaged in more voluntary game play than 

was required, which might further highlight aspects of selectivity. It would be helpful to 

examine individual trajectories of game engagement, and related cognitive change to 

determine if the effects observed might be driven by a few, highly selective individuals 

(who, possibly, enjoyed the games more than most others). 

 

 
Figure 5-1. Conceptual model for the Scaffolding Theory of Aging and Cognition 

(STAC), from Park and Reuter-Lorenz (2009).
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