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Abstract 

Neurocognitive symptoms remain a common, yet difficult, complaint for clinicians to 

navigate, as some individuals can purposely distort their symptomology for external 

gain (e.g., compensation, competency to stand trial, etc.). Such feigning or 

exaggeration of cognitive deficits, and the increasing demands for legally admissible 

measures of performance validity has necessitated the need for a clinically objective 

manner with which to assess the level of effort being supplied in a neurocognitive 

evaluation. The development of both free-standing and “embedded” performance 

validity tests (PVTs; Larrabee, 2012; also known as symptom validity tests, or SVTs) 

has been successful, with a large body of research supporting their validity in many 

clinical groups, and relevant professional societies endorsing their use as a practice 

standard (Bush et al., 2005). However, some characteristics of PVTs and their use in 

significantly impaired individuals, including the problem of potential “false positive” 

errors (PVT classification inaccurately indicative of poor performance validity) 

remain controversial and inadequately researched.  The application of neurocognitive 

theoretical research findings represents a promising approach to evaluate the 

methodological and psychometric properties of current PVTs (Bigler, 2012), and 

develop future measures. 

For example, individual PVTs have implemented the simultaneous forced-

choice methodology (i.e., generally a learning phase followed by the item(s) learned, 

or ‘target’ being simultaneously paired with a distractor, or ‘foil’ for selection, 

whereby over-selection of the foil may indicate responding bias) using a variety of 

test characteristics (e.g., word vs. picture stimuli) with known neurocognitive 

processing implications (e.g., the “picture superiority effect”). However, the influence 
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of such variations on the subsequent classification accuracy of examinees has been 

inadequately evaluated, particularly amongst cognitively impaired individuals. The 

current thesis places the PVT literature in the context of neurocognitive processing 

theory, and identifies potential methodological factors to account for the significant 

variability that have been identified in classification accuracy across current PVTs. A 

systematic evaluation of both the current PVT and cognitive processing literature was 

completed and presented in Chapter 1. This led to the subsequent evaluation of the 

utility of a well-known cognitive manipulation (based in cognitive load theory) to 

provide a Clinical Analogue Methodology (CAM); that is an experimental technique 

to alter the performance of healthy individuals on PVTs to levels more similar to 

cognitively impaired individuals.  In the empirical study reported in in Chapter 2, an 

initial validation of the CAM in healthy individuals was completed. Chapter 3 further 

validated the CAM suggesting that it may be useful alongside other approaches 

(analogue malingering methodology) for the systematic evaluation of new and 

existing PVTs, as well as provided further support for a phenomenon called the 

‘picture superiority effect’ (Paivio, 1991) in the PVT paradigm. Two exemplar PVTs 

(the Word Memory Test; WMT, and Test of Memory Malingering; TOMM) provided 

the basis for subsequent evaluations of the influence of specific neurocognitive 

processing components on performance.  

The empirical study presented in Chapter 4 utilised the CAM to evaluate a 

potential construct with conflicting neurocognitive processing research identified in 

the Introduction Chapter; the semantic relationship between the targets (the learned 

items) and foils (the distraction items). The finding of this study further validated the 

CAM as a practical methodology, and, indicated that insofar as a word-based PVT 
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(e.g., the WMT), individuals in the CAM did not appear to rely on the semantic 

relationship of the target and foils for discrimination.   

The final empirical study presented in Chapter 5 addressed the administration 

and scoring paradigms of the two exemplar PVTs used throughout the thesis. The 

compelling finding in this study suggested that whilst the manner in which the tests 

were administered does influence performance at certain critical points of the testing 

phases, it is the scoring paradigm implemented that appears to be more influential in 

the misclassification of poor effort.    

 This thesis provides extensive support for the utility of current cognitive 

theoretical models in understanding how the various components of PVT 

methodology may impact the cognitive requirements for successful PVT completion, 

particularly for those individuals with significant cognitive impairments.  

 The cognitive theoretical literature also provided an approach to evaluating the 

demands of these methodological characteristics, and this thesis provides empirical 

support for this methodological approach to be utilized in much the same manner as 

established analogous approaches in current PVT research. Furthermore, the empirical 

studies conducted in Chapters 2 through 5 provide evidence that of all of the potential 

influencers of PVT performance for those with cognitive impairments, stimulus 

modality (i.e., the type of stimuli used in the PVT) appears to be as influential as 

current cognitive theoretical literature would suggest. Moreover, administration and 

scoring procedures in combination influence classification accuracy of the PVT. 

However, in the context of this thesis, the potential effects of the semantic relationship 

between the target and foil are much like the reported literature on the issue; 

inconclusive.   



 

 5 

 However, whilst application of the CAM in this thesis proved an efficacious 

methodological approach to evaluate certain components of the two exemplar PVTs 

utilized throughout, strict clinical interpretation is not suggested. Indeed, further 

research should evaluate the CAM in a clinical context to enhance its empirical utility. 
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Brief Introduction and Overview 

 Neuropsychologists have been developing and exploring various 

objective tools to measure what has been described as ‘effort’ or ‘symptom validity’ 

(and more recently ‘performance validity’) for decades (e.g., Larrabee, 2012; 

Pankratz, 1979). The development of both free-standing and “embedded” 

performance validity tests (PVTs) has been successful, with a large body of research 

supporting their validity in many clinical groups, and relevant professional societies 

endorsing their use as a practice standard (Bush et al., 2005; Iverson & Binder, 2000). 

Of note, however, establishment of a ‘gold-standard’ PVT has remained elusive. 

Indeed, some characteristics of PVTs and their use in significantly impaired 

individuals, including the problem of potential “false positive” errors (PVT 

classification inaccurately indicative of poor performance validity) remain 

controversial and inadequately researched.  Specifically, converging lines of evidence 

that expressly raise the issue of false-positives have recently emerged. Such 

variability in measures purported to measure the same construct remains concerning, 

and efforts to explicate the reasons for these differences are needed.   

PVTs are traditionally administered alongside (or embedded within) a 

neuropsychological battery as a means of determining if the examinee is being 

forthright in their presentation. Many PVTs have the appearance of a true memory test 

and, despite their outward appearance of being difficult (Bianchini, Mathias & Greve, 

2001), are meant to be quite easy to perform for all but the most profoundly impaired 

individuals. Indeed, most commonly utilised PVTs are designed to measure 

recognition memory ability rather than true episodic memory (Baddeley, Eysenck, 

Anderson, 2009; Yonelinas, 2002; Tombaugh 1997; Green, Lees-Haley, & Allen 
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2002, Green, 2003). It has been accepted practice that measurement of this type of 

memory processing is a reliable, valid measure of effort; however, whilst the success 

of PVTs as an assessment of effort have essentially been built upon foundations 

established by well-validated neurocognitive theories, the application of these theories 

across PVTs has not been adequately vetted in their repurposed context. Specifically, 

while the cognitive literature has typically played a central role in the initial 

development of PVTs (e.g., the application of knowledge about “chunking” applied to 

the Rey 15 Item Test; Boone, Salazar, Lu, Warner-Chacon, & Razani, 2002), there 

has been an inconsistency with regard to the degree of reliance on these principles in 

subsequent permutations of PVT methodology (see the wide diversity in design of the 

numerous PVTs based on forced choice recognition detailed in Chapter 1). 

Indeed, an interesting and productive dialogue addressing the state of the 

science surrounding PVTs, including the “false positive” issue and directions for 

future research, was recently presented (Bigler, 2012; Larrabee, 2012).  As noted by 

Bigler (2012), much of the extant PVT research has had a generally inadequate 

guidance from neurocognitive processing theory, further supporting the need for this 

important synergistic research.  

 

Classification Accuracy of the Forced-Choice Recognition Memory Paradigm 

Most current commonly used PVTs  - especially free-standing PVTs - are 

designed, at least in part, to measure forced-choice recognition memory ability rather 

than episodic memory (Baddeley, Eysenck, Anderson, 2009; Green, Lees-Haley, & 

Allen 2002, Tombaugh 1997: Yonelinas, 2002). Specifically, while there have been 

some recent alternative approaches (e.g., the use of “embedded” measures; Lu, 

Boone, Cozolino & Mitchell, 2003), the simultaneous forced-choice (SFC) approach 
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has remained a central methodology in identifying invalid effort.  In SFC tasks, a 

person is asked to identify a previously learned target from two simultaneously 

presented stimuli. Overall, SFC tasks have displayed good evidence of validity in 

detecting suboptimal effort amongst suspected “real world” as well as “analogue” or 

simulated malingering samples, as they have a reasonable appearance as face-valid 

measures of memory, while objectively being extremely easy for most examinees 

providing adequate effort (Baddeley et al., 2009; Chouniard & Rouleau, 1997). 

A meta-analysis by Sollman & Berry (2011) evaluated the sensitivity and 

specificity differences across 5 SFC measures, with mean obtained sensitivities of 

69% and mean specificities of 90% across 47 studies. Of note, however, there was a 

great deal of variability across measures. For example, sensitivity for the Word 

Memory Test (WMT; Green, Allen, Astner, 1996; Green, 2003) ranged from 49-

100%, with specificity ranging from 25-96%, while the Test of Memory Malingering 

(TOMM; Tombaugh, 1997) sensitivity ranged from 34-100% with specificity 61-

100%.  The authors noted the variability across studies and concluded that variables 

such as the offer of monies to motivate participants, or coaching participants to avoid 

detection likely affected the sensitivity of the test in detecting suboptimal effort. 

Interestingly, however, the review stopped short of addressing the potential factors 

specific to individual PVTs (i.e., characteristics of the tests themselves) that may 

affect the ability of the test to correctly identify invalid effort (the sensitivity of the 

test), but also avoiding incorrectly identifying valid effort as invalid (the specificity of 

the test; see Table 1) amongst truly impaired individuals.  It has been argued that false 

positive errors (that is, lower specificity) may, in some cases, reflect a greater need for 

cognitive capacity in successful completion of at least some PVTs (e.g., Bigler, 2012), 

or even portions of PVTs (e.g., Keary, Frazier, Belzile, Chapin, Naugle, Najm et al., 

2013) amongst more significantly impaired individuals, and there does appear to be 
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some evidence supporting this claim (e.g., Larsen, Allen, Bigler, Goodrich-Hunsaker 

& Hopkins, 2010). For example, one commonly utilized PVT, the Victoria Symptom 

Validity Test (VSVT; Slick et al., 1997) employs two performance levels, ‘easy’ and 

‘hard’; a construct of the test clearly indicative of the requirement of greater cognitive 

resources for completion of the ‘hard’ items. Indeed, one recent study stipulates that 

should an individual fail to reach the cut-off for those ‘hard’ items, the clinician 

should refrain from invalidating those results, and instead consider the poor 

performance may in fact be due to legitimate cognitive deficits (Keary et al., 2013). 

There is also evidence that some severely impaired clinical groups, with no incentive 

or external motivation to malinger, produce unacceptably low specificity rates, and 

this appears to vary across individual PVTs (Gorissen, Sanz, & Schmand, 2005; 

Merten, Bossink & Schmand, 2007; Rudman, Oyebode, Jones et al., 2011; Weinborn 

et al., 2003); however, these finding have not always consistently been found (cf. 

Chafetz, Prentkowski & Rao, 2011; Schroeder & Marshall, 2010). 
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Table 1  

Determination Of Classification Accuracy Statistics On Performance Validity Tests  

Note: Sensitivity= Show the disorder in question (e.g., correctly identify a malingerer 
as malingering); TP/(TP+FN). Specificity= Do not show the disorder in question (e.g., 
correctly identify the non-malingerers as non-malingering); TN/(TN+FP). 

Test Outcome 

Condition (Malingering) 

No Yes 

Pass 
True Negative (TN) 

(Specificity) 
False Negative (FN) 

Fail False Positive (FP) 
True Positive (TP) 

(Sensitivity) 
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Indeed, there have been attempts to address potential false positive misclassifications, 

including use of alternate cut scores in dementia (e.g., Colby, 2001).  Other PVTs include 

multiple types of recollection memory measures in addition to a SFC component, and 

potential false positive errors may be analysed through patterns of performance across SFC 

and true memory scores, e.g., a ‘Dementia Profile’ (Howe, Anderson, Kaufman, Sachs & 

Loring, 2007). While these approaches represent an exciting growth in the sophistication of 

the evaluation of performance validity, and include the important consideration of the general 

cognitive literature, this has generally occurred after the publication of the PVT in an effort to 

evaluate those who have scored below cut-off on the traditional SFC component of the 

measure. However, these approaches do not address which aspects of any given PVT 

methodology may make it more (or less) vulnerable to false-positive errors in impaired 

individuals.  

 Generally speaking, the ‘gold standard’ PVT should exhibit high specificity (i.e., 

classification of honest responders as honest) as well as high sensitivity (i.e., classifying sub-

optimal effort as such) in order to be said to have suitable classification accuracy. In other 

words, an PVT should capture those putting forth sub-optimal effort (in many clinical and 

research circles this may be described as ‘malingering’), yet not misclassify someone with 

legitimate cognitive deficiencies as malingering, or otherwise misrepresenting their 

deficiencies. However, converging lines of research- briefly outlined here and in detail 

throughout this thesis- indicate that differences across the PVT classification accuracy may in 

fact be representative of the degree of cognitive ability required for each of the different SVT 

stimuli being compared, yet the specific extent has not been fully systematically evaluated.   

Of note, one recent study has attempted to systematically evaluate the degree of 

cognitive ability required to complete any given PVT by utilising a distraction task to 

increase cognitive load. Implementation of a distraction task at varied points along the 
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learning, encoding, and retrieval continuum has provided researchers in the cognitive 

processing domain valuable information for decades (for a brief review see Lavie, 2010). The 

employment of a cognitive load task in the evaluation of PVT performance requirements was 

first published in Batt, Shores and Chekaluk’s (2008) study evaluating two commonly 

utilized PVTs, the Word Memory Test (Green, 2003), and the Test of Memory Malingering 

(TOMM; 1997). Outlined in Chapter 1 and utilised throughout the thesis, research has also 

demonstrated that increasing cognitive load affects performance on primary tasks similar to 

the effects of aging, drinking alcohol, and other cognitive impairments (Craik, 1982). Whilst 

Batt et al.’s (2008) results indicated that many of those in the distraction task had performed 

worse than their nondistracted counterparts; results also clearly indicated that persons in the 

distraction condition had considerable more difficulty with the WMT when compared to their 

performance on the TOMM. It is the aim of this thesis to utilise this methodological approach 

to begin the important work of analysing some of the varied methodologies instantiated in the 

FCR component of PVTs to fully appreciate the impact on performance that these 

characteristics may have, particularly for persons with significant impairments in cognitive 

functioning. That is, it is the aim of this thesis to utilise the methodological approach 

currently used in many cognitive processing experiments to determine if any of the identified 

characteristics require higher levels of cognitive capacity for the successful completion of a 

PVT.  

 The first Chapter reviews the literature with regards to both the variability of 

freestanding PVTs (in terms of performance and classification accuracy), and also reviews 

the neurocognitive processing literature as it applies to the ways in which the simultaneous 

forced choice recognition methodology has been instantiated in PVTs commonly utilized in 

clinical evaluations. Chapter 2 is an empirical study of a clinical analogous methodological 

(CAM) approach that aims to integrate and validate the methodological approach for the 
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systematic evaluation of the components of PVTs, utilizing samples of cognitively healthy, 

and mild-moderate TBI individuals. Chapter 3 is an empirical study that examines the 

efficacy of the distraction task in its current form to determine if effects found in the previous 

chapter may have been due to distraction task related confounds. Chapter 4 is an empirical 

study that begins the important evaluation of some of the potential influencing factors 

identified in the first Chapter that may be contributing to poorer performance on some PVTs 

by impaired individuals with the CAM, namely the evaluation of the potential semantic 

interference effect with the highly related verbal stimuli on the WMT. Finally, the CAM 

approach was then implemented in the final empirical study of this thesis to ascertain if 

another identified potential influencing factor - the test administration and scoring 

procedures- have an effect on the neurocognitive processing that occurs in PVT performance, 

and subsequent classification accuracy.  

Aims and Contribution of Knowledge of the Current Thesis 

 The aim of this thesis is to understand the cognitive characteristics of commonly used 

PVTs, and how those characteristics may influence performance on PVTs. The body of 

research presented here contributes significantly to the field of PVTs and neurocognitive 

processing as a novel methodological approach has been validated across several studies and 

samples, and as such, provides the research community an approach to further systematically 

evaluate existing PVTs and an exciting opportunity to use in the development of new 

performance validity tests. Moreover, the research presented in the ensuing chapters finally 

goes a great deal of the way to bridging the gap between the neurocognitive and performance 

validity fields, and these important contributions ensure the objectivity, understanding and 

clinical efficacy required in the evaluation of effort.    
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Chapter 1-Neurocognitive Processing and Performance Validity Measures 

This chapter will highlight evidence for the inter-measure variability of PVTs, with a 

focus on freestanding, forced-choice recognition-based measures. It will also provide an 

overview of some of the most relevant neurocognitive research as it applies to the diverging 

ways this methodology has been instantiated. The aim of this chapter is to bridge the current 

neurocognitive literature with that addressing contemporary PVTs commonly used in clinical 

assessments. In addition, this chapter integrates an existing neurocognitive methodological 

approach for the systematic evaluation of the individual components of PVTs, providing a 

methodological direction for the development and evaluation of PVTs and the methodology 

implemented in their construction based on the cognitive literature.  

Parameters of the Review of PVTs 

Table 2 shows PVTs reviewed within the context of the selected neurocognitive 

literature. In an effort to not compromise test security, details about each PVT were limited to 

what could reasonably be extracted from previously published articles.  Reviewing all PVTs 

was beyond the scope of this thesis, and the current review was limited to common, clinically 

used PVTs that included a SFC paradigm (e.g., Strauss, Sherman & Spreen, 2006; Sharland 

& Gfeller, 2007), and an extant research literature base sufficient to allow evaluation of the 

specific methodology of each PVT within the cognitive literature. The obtained specificity of 

each PVT was then reviewed in the context of the relevant cognitive component (e.g., 

stimulus modality or number of unassessed learning trials).  Of note, most studies evaluating 

clinical samples with no known motivation to malinger do not include independent criteria to 

classify test-taking effort, and specificity values must be interpreted with caution. 

The memory and general neurocognitive literature considered most relevant for the 

SFC methodology in general, and to the diverse ways that methodology has been instantiated 

in each PVT reviewed, will be detailed below.  Specifically, careful consideration of the 
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learning and memory literature indicates that there are important differences in test stimuli 

and administration characteristics (summarized for each measure in Table 2) that may 

contribute to test performance, and subsequent classification accuracy.  

Importantly, much of this literature is based on cognitively healthy samples. Much 

less is known about how these factors may apply to neuropsychologically impaired 

individuals, and as PVTs are typically administered to clinical samples, it is imperative that 

the underlying mechanisms in any PVT that may impact performance are understood. Finally, 

this thesis will only be evaluating test characteristics that may affect level of performance 

amongst clinically impaired populations – that is, a PVT’s specificity. Review of those test 

characteristics that may influence a measure’s sensitivity to invalid symptom presentation 

(e.g., face validity as a memory measure) is beyond the scope of this thesis. 
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Table 2 

Common Performance Validity Tests and Their Test Characteristics 

Test Stim Type # Learn Feedback # Stim Delay Pd               Study Spec % 
48-PT Pictures 1 Unk 48 15mina   
      Chounard & Rouleau (1997) 90 
ASTMb Words 1 Yes 30 0   
      Bolan, et al., (2002) 100 
      Dandachi-Fitzgerald et al., (2011) 78.7 
      Merten et al., (2005) 100 
      Merten et al., (2007) 73c 
CARB Numbers 1 Yes 111d 3- 9s   
      Gervais et al., (2004) 83 
      Green & Iverson (2001) 80.23 c 
      Green et al., (1999) 88.6 c 

CVLT-II Words 5 No 16 Approx. 
20m   

      Axelrod & Schutte (2011) 77 
      Baldo et al., (2002) 100 
      Nelson et al., (2010) 97.3 
DMT  Numbers 1 Yes 18/36 5-15s Woods et al., (2003) 98 
MSVT Words 2 Yes 20     0 &10m   
      Armistead-Jehle & Gervais (2011) 91 
      Armistead-Jehle & Hansen (2011) 80 
      Axelrod & Schutte (2011) 63 
      Green et al., (2009) 77.3 
      Green et al., (2011) 57 
      Howe et al., (2007) 57.1 
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      Merten et al., (2005) 98 
      Singhal et al., (2009) 0 
      Weinborn et al., (2012) 100 
NVMSVT Pictures 2 Yes 20 0 &10m   
      Armistead-Jehle & Gervais (2011) 79 
      Armistead-Jehle & Hansen (2011) 85 
      Green (2011) 83.6 
      Henry et al., (2010) 69 
      Singhal et al., (2009) 0 
      Weinborn et al., (2012) 96 
PDRT Numbers 1 Yes 72 5-30s   
      Bianchini et al., (2001) 100 
      Binder & Kelly (1996) 100 
      Binder, 1993 74.5 c 
      Greve & Bianchini (2006) 99f 
      Ju & Varney (2000) 99.8 c 
TOMMe Pictures 2 Yes 50 0 & 15m   
      Armistead-Jehle & Gervais (2011) 91 
      Armistead-Jehle & Hansen (2011) 89 
      Axelrod & Schutte (2011) 79 
      Batt et al., (2008) 75.5 c 

      Bolan, et al., (2002) 
Barhon et al., (in press) 

100 
96 

      Gervais et al., (2004) 89 
      Green (2011) 93.5 
      Greiffenstein et al., (2008) 78.1 
      Greve, Bianchini & Doane, (2006) 96 
      Greve et al., (2006)a 82 
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      Merten et al., (2007) 91.5 c 
      Tan et al., (2002) 80 
      Teichner & Wagner (2004) 24 
      Tombaugh (1996) 86.5 c 
      Tombaugh (1997) 91.28 c 
      Weinborn et al., (2003) 83.3 
      Weinborn et al., (2012) 100 c 
VSVT Numbers 1 Yes 48 5-15s   
      Grote et al., (2000) 100/93.3 
      Loring et al., (2005) 91.7h 
      Loring et al., (2007) 89.8 c 

      Nelson et al., (2010) 
Keary et al., (2013) 

92 
95/87 

WMT Words 2 Yes 40 0 & 30m   
      Batt et al., (2008) 40.5 c 
      Bauer et al., (2007) 69 
      Drane et al., (2006) 70.3 c 
      Flaro et al., (2007) 79.1 c 
      Gervais et al., (2004) 68 

      Goodrich-Hunsaker & Hopkins 
(2009) 100 

      Green et al., (2009) 52 
      Green et al., (2011) 40.5 c 
      Loring et al., (2011) 87.5 c 
      Martins & Martins (2010) 33 
      Merten et al., (2007) 75.1 c 
      Stevens et al., (2008) 69.5 

      Tan et al., (2002) 
McCormick et al., (2013) 

100 
77 
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Note. Test abbreviations: 48-PT= 48 Pictures Test (Chounard & Rouleau, 1997); TOMM= Test of Memory Malingering (Tombaugh, 1997); 
MSVT= Medical Symptom Validity Test (Green, 2008); WRM- F/W= Warrington Recognition Memory Faces/Words (Iverson & Franzen 
(1988); NVMSVT=Nonverbal Medical Symptom Validity Test (Green, 2007);WMT=Word Memory Test (Green, 2003); ASMT=Amsterdam 
Short Memory Test (Schagen et al., 1997);CVLT-II=California Verbal Learning Test-II (Delis et al., 2000); CARB=Computerised Assessment 
of Response Bias (Allen et al., 1997); DMT= Digit Memory Test (Hiscock & Hiscock, 1997); VSVT=Victoria Symptom Validity Test (Slick et 
al.., 1997 ); PDRT=Portland Digit Recognition Test (Binder, 1993).  
# Learn = number of learning trials, Feedback = whether feedback on correctness of response was provided, # Stim= number of stimuli required 
to be learned, Delay Pd=Period of time between the end of stimulus presentation and the recognition trial(s), s= seconds; m=minutes; 
Spec=specificity, the percentage of those with valid performance inaccurately identified as invalid. 
a=Delay only between testing of the first half and second half of the total test items. b=2 practice items. c =Averaged across samples within study. 
d=3 Blocks of 37 items, early termination on Blocks 1 and/or 2 for passing performance. e=Incudes a sample trial of two items, as well as an 
unassessed test trial. f=PDRT averaged sensitivity for ‘hard’ and ‘total’ items cut-offs. g=PDRT ‘hard’ items cut-off. h=VSVT specificity of 
‘questionable’ performance scores on ‘hard’ items. 
 

WRM-F Pictures 1 Yes 50 0   
      Iverson & Franzen (1998) 100 
WRM-W Words 1 Yes 50 0   
      Iverson & Franzen (1998) 100 
      Kim et al., (2010) 100 
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Cognition and Performance Validity Tests 

Careful consideration of the cognitive and neurocognitive literature indicated that the 

number of potential cognitive constructs with implications for PVT performance is large, and 

not all could be included here. However, constructs that may have empirical support and 

experimental utility are described below. Upon review, three over-arching methodological 

components that differ across the PVTs, and with the potential to influence the cognitive 

demands required to learn and process stimuli were identified; 1) stimulus characteristics 

(variations in stimulus type, e.g., pictures vs. numbers vs. words), 2) learning characteristics 

(e.g., number of learning trials, feedback procedures, unassessed practice trials), and 3) 

recognition trial characteristics (e.g., the semantic relatedness of foils). Of note, while this 

review outlines these PVT characteristics as orthogonal, it is acknowledged that the effects of 

these factors may also interact with each other.  

 Stimulus Characteristics: Words, Numbers and Pictures 

The types of stimuli commonly used in PVTs are pictures, words and numbers.  It is 

understood that each stimuli type may engage different memory processes (Baddeley & 

Hitch, 1974, Baddeley et al., 2009), and much of the cognitive literature suggests that certain 

stimuli have learning and recall advantages compared to others.   

First identified by Shepard (1967), there is extensive literature around the ‘picture 

superiority effect,’ which is demonstrated in explicit recall tasks, supporting that pictures are 

better retained and more easily retrieved than word-based stimuli (McBride & Dosher, 2002; 

Paivio, 1991; Shepard, 1967; Standing, 1973; Whitehouse, Maybery & Durkin, 2006). 

Nelson (1979) theorised that pictures hold two advantages over words; pictures are more 

visually distinct from each other than words, and they access meaning more directly than 

words. Likewise, Paivio’s (1991) Dual-Coding Theory (DCT) proposed that the redundancy 
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of the verbal and image code elicited by pictures surpassed that of the singular process of 

verbal stimuli.  

Importantly, several recent studies have examined the picture superiority effect 

among cognitively impaired populations. For example, Ally, McKeever, Waring and Budson 

(2009) found event-related potential (ERPs) patterns associated with familiarity and retrieval 

in patients with amnestic mild-cognitive impairment (MCI) and healthy controls were similar 

when presented with pictorial stimuli, however, those components were significantly reduced 

for word stimuli in the patient group. 

Conversely, there is evidence that procedures that facilitate deeper processing of 

target words can enhance learning and potentially overcome the advantage seen for pictorial 

stimuli (c.f. Anderson et al., 2011).  For example, Craik and Tulving (1975) manipulated the 

levels of processing of words through asking the participant questions about the words being 

shown. Results indicated that recognition performance was facilitated by questions that asked 

the examinee to process semantic information (e.g., ‘is this a member of category X?’) rather 

than structural information (e.g., ‘is this word in capital letters?’). Additionally, moderators 

such as the word’s use frequency can influence the recognition capacity for words, whereby 

uncommon words may be easier to recognise and common words are easier to remember 

(Glanzer & Bowles, 1976; Gregg, 1976; Hoshino, 1991).  

Dehaene (1992) posits that numbers may be represented in what is described as the 

triple-code model. In this model, numerical stimuli are cognitively processed via a quantity 

system (nonverbal representation of size and distance between numbers); a verbal system (as 

with words, numbers may be represented lexically, phonologically, and syntactically); and a 

visual system (whereby numbers are encoded as strings of digits), and activation of any of the 

systems is dependent on task demands (Dehaene, Piazza, Pinel & Cohen, 2003). That is, if 

asked to say or recognise a string of numbers, only the visual system may be engaged, 
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whereas if asked to make comparisons between numbers, the quantity system may be 

engaged. Numbers may also evoke a rapid, internal quantity code (semantic information) 

(Dehaene, Bossini & Giraux, 1993), as well as have an abstract, visual-spatial representation 

(Dehaene et al., 2003; Trick & Pylyshyn, 1993). Indeed, the mental representation of 

numbers has been generally accepted as being spatially encoded (Gevers, Reynvoet, Fas, 

2003), similarly to that of pictures.  

Coupled with the evidence that the cognitive processing of numbers appears to be an 

innate, biologically determined necessity that is independent of language skill development 

(Ansari, 2008; Pica, Lemer, Izard, Dehaene, 2004), research from as early as the late 1800s 

has demonstrated the relative robustness of numerosity across several cognitive domains. For 

example, in the absence of lexical knowledge, visual processing and identification of 

numbers is preserved (Déjerine, 1891, as cited in Cohen & Dehaene, 1995; Dehaene et al., 

2003), as is the ability to write and read Arabic numbers in persons with severe agraphia and 

alexia (Anderson, Damasio, & Tranel, 1990).  Thus, it appears that the recognition of 

numbers may also require fewer cognitive resources, and may be less sensitive to substantial 

cognitive deficits.   

In summary, the cognitive literature suggests that recognition of pictorial and 

numerical stimuli may have certain advantages over that of words for both healthy and 

impaired groups, requiring fewer cognitive resources to facilitate deeper encoding. 

Subsequently, PVTs with these kinds of stimuli may be relatively less sensitive to cognitive 

impairment. Consistent with this, a visual inspection of the mean classification accuracy of 

PVTs with each stimulus type in Table 2 indicates that the false-positive risk appears to be 

lower (that is, the specificity is higher) with PVTs employing numbers (M=91.99, SD= 7.81, 

95% CI: 87.83 – 96.16) than pictures (M=82.38, SD= 22.69, 95% CI: 73.32 - 91.43) or words 

(M=75.63, SD= 23.89, 95% CI: 69.29 – 83.97).  This may be representative of the degree of 
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cognitive ability required for each of the different PVT stimuli being compared. However, as 

PVTs differ methodologically in multiple ways, it remains possible that any differences seen 

may be due to factors other than stimulus type, and other task characteristics must be 

considered.  

Learning Mechanisms; Speed of Presentation  

 Aside from the types of stimuli presented, and further to the ways in which they are 

presented, is the speed at which the items are presented. As mentioned in the above 

discussion on the limits of recognition capacity for varied stimuli in Shepard’s (1967) 

experiment, this particular system seems limitless, however, the time that participants took to 

‘learn’ the stimuli ranged from 15 minutes to 129 minutes for the set of items.   

In both the Shepard (1967) and Standing (1973) studies, all of the imaged-based 

stimuli were presented at a rate of 5 seconds per photo. However, prior to testing the upper 

bounds of the recognition capacity for pictures, Standing, Conezio and Haber (1970) 

conducted an experiment with 2500 pictorial stimuli and found that reducing the presentation 

time down to one second per photo did not significantly impact the performance of the 

examinees.  

Furthermore, from a neurological paradigm, Rutishauser, Mamelak and Schuman 

(2006) investigated the neural correlates involved in single trial recognition memory, and 

found novelty and familiarity (recognition) receptors were activated in the hippocampal and 

amygdala areas when an image was recognised after a 4 second presentation. However, 

previous research compared the neural-correlate activity variations when examinees were 

presented with words, pictures or a combination of both, with a one-back recognition task 

administered at a fast rate of 100msec to avoid what they felt may contribute to semantic 

processing (Sevostianov, Horwitz, Nechaev, Williams, Fromm & Braun, 2002). Despite this 

very brief exposure to the stimuli, Sevostianov et al. (2002) were able to measure effectively 
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the neural correlates associated with each stimulus type, suggesting that for non-behavioural 

measures, only a very brief exposure to stimulus is required. 

Based on relevant memory and cognition literature, it appears that only brief 

presentation of a stimulus of any type is required for accurate recognition, whilst memory and 

cognition literature pertaining to the long-term acquisition of stimuli which generally support 

that the longer an item is presented the higher the likelihood of retaining that information 

(Baddeley et al., 2009). Current PVTs stimuli are typically presented for relatively short 

durations, ranging from 3 seconds per stimuli to 6 seconds. The TOMM, and each of the 

Warrington Recognition Memory (WRM F/W; Faces or Words) types of stimuli all have a 

presentation duration of 3 seconds per stimuli, as does the WMT, the MSVT and NVMSVT 

however, the latter three PVTs leave the first item on screen for the initial three seconds as 

well as for the duration of the second item being presented, resulting in the first word in each 

of the WMT word pairs is presented for a total of 6 seconds. The PDRT, VSVT, and DMT 

test present stimuli for 5 seconds each. As such, it appears that the minimum of 3 seconds per 

stimuli is likely adequate, as there appear to be no classification accuracy benefit gained by 

longer presentations (see Table 2).  

Learning Characteristics 

The capacity of the recognition memory system seems much larger by contrast to the 

working memory system described by Miller (i.e., seven, plus or minus two; 1956). As 

described in the Shepard (1967) experiment, the affinity for pictures was well over 700 

discrete items, and accuracy was high for the recognition of words and sentences was at 540 

and 612, respectively. Standing (1973) also showed that the capacity for the recognition of 

pictures was also substantially higher than the Miller (1956) theory for working memory with 
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participants recognising an average of 66% pictures out of the 10,000 images shown, and an 

average of 61.5% of words shown.  

These findings suggest that whilst the recognition memory capacity for words and 

pictures certainly is not limitless, the number of stimuli being presented for recognition may 

not be an important factor that constrains recognition capacity. That is, the number of word or 

picture stimuli may not be a factor in determining the degree of cognitive capacity required to 

successfully complete a PVT. With regards to numbers and digit strings being presented, a 

review revealed a dearth of research conducted on the limits of the recognition capacity of 

digit string stimuli.  

The number of stimuli varies across PVTs, ranging from 10-30 items on the 

NVMSVT, MSVT, DMT, ASMT and the CVLT-II, to 40-50 items on the TOMM, 48-

Pictures Test, VSVT, PDRT, both WRM versions, and the WMT. Given the research that 

suggests that the recognition capacity of cognitively healthy individuals is quite robust, the 

number of stimuli may enhance other aspects of PVTs that must factor in to the construction 

of an effective PVT (i.e., face-validity), but is not likely to be a strong contributor to level of 

performance and specificity amongst impaired individuals on currently published measures.  

Indeed, the difference in specificity between the PVTs with fewer stimuli (10-30 items; 

M=76.52, SD= 27.81) was not significantly different than the specificity for those with more 

items (40-50 items; M= 83.04, SD= 18.73. t(10)= 1.23, p= .25). 

 Response feedback. The importance of performance feedback during the learning 

process has been evaluated in several areas of the cognitive and memory literature, and 

continues to be an extensive area of research. However, the rigor that has been applied to the 

evaluation of feedback on different types of learning and motivation paradigms has lagged 
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with respect to recognition memory, and certainly less so in the area of FCR and PVT 

performance implications.   

A recent study by Kantner and Lindsay (2010) endeavoured to contribute to this 

striking absence of knowledge in the FCR by testing a series of feedback mechanisms across 

four recognition memory experiments. They found that feedback given during the testing 

phase can facilitate a biased response shift, but only if the base rate is significantly different 

than 50-50. That is, when the number of targets is different from the number of foils by a 

margin of significance (i.e., the number of old items was either 25% or 75% of test items) 

(Kantner & Lindsay, 2010), feedback facilitated an adjustment in performance. They also 

posit that feedback is not likely to enhance performance unless the examinee has the 

opportunity to benefit from the feedback during a subsequent study phase (p. 405). That is, 

feedback facilitates performance when given a second opportunity to learn. With the 

exception of the ASMT (with 60% of target items to foils), all of the PVTs considered for this 

review have an equal target to foil ratio (one-to-one). As none of the PVTs included in this 

study have such an asymmetrical aspect to the target to foil relationship, feedback is an 

unlikely contributor to performance adjustment.  

 Number of trials and the “test-effect”. Inherent to the SFC methodology is the 

presentation of the stimuli (the learning trial or trials). Research of the behavioural and 

neurological mechanisms involved in the recognition of novel stimuli suggests that while a 

single viewing of the stimulus may be sufficient (Rutishauser, Mamelak & Shuman, 2006; 

Sevostianov, et al., 2002; Shepard, 1967; Standing, 1973; Standing, Conezio & Haber, 1970), 

the recognition process may benefit from multiple learning opportunities.  For example, 

Kausler and Yadrick (1977) showed participants items in either 1, 2, or 4 learning phases, and 

found that as the number of exposures to stimuli increased, so too did accuracy for old/new 

discrimination for those studied items. Perhaps more integral to the facilitation of encoding 
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and subsequent retrieval is what is known as the ‘test-effect’, which asserts that successful 

retrieval (by testing recall) at various intervals during the memory test improves long-term 

retention when compared to multiple restudy-only phases (Karpicke & Roediger, 2008; 

Pastötter, Schicker, Neidernhuber & Bäuml, 2011). Therefore, whilst a single viewing may 

facilitate recognition on its own, recognition is further facilitated by repeated encoding 

sessions through restudy and, perhaps to a larger extent, multiple testing.  This has 

implications in the design of PVTs, where a measure’s methodology may or may not allow 

the opportunity for practice and unassessed “testing” trials.  

For example, the TOMM provides a brief sample trial (learning and test phase of two 

items), followed by a complete unassessed learning and testing phase (Trial 1), whereby all 

stimuli are presented at once (one at a time), and then tested. Subsequently, only Trial 2 and 

the later Retention Trial are used for classification purposes. This administration 

methodology may subsequently improve performance due to the test-effect. Indeed, the 

TOMM studies indicate a mean specificity of 85.52 (SD= 17.18, 95% CI: 77.12 – 93.9). In 

contrast, the WMT presents the entire stimuli list twice (that is, with untested restudy only) in 

succession before testing, both immediately and after a delay. Importantly, there is also an 

internally generated consistency score (CNS) based on inconsistent performance between two 

testing trials (e.g., “missing” an item originally, but later recognizing it), with inconsistent 

performance resulting in a low CNS score, which is important as all three scores are utilised 

for classification purposes. That is, the examinee may be penalised for ‘learning’ from 

feedback and correctly identifying a target later (as performance feedback is given). Of note, 

mean specificity for PVTs employing this type of administration and scoring is 68.88 

(SD=26.25; 95% CI: 58.89 – 78.86) in the studies reviewed.  

Whilst there have been recent attempts at evaluating the implications for classification 

produced by these kinds of scoring and administration differences, e.g., by utilising only the 
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first trials of each PVT (WMT and TOMM together; Bauer, O’Bryant, Lynch, McCaffrey, 

Fisher, 2007), and development of a consistency score for the TOMM (Davis, Wall, Whitney, 

2012; Gunner, Miele, Lynch, McCaffrey, 2012), to our knowledge no research has yet 

specifically explored the test-effect, or manipulated the use of unassessed learning trials on 

PVT performance while holding other cognitively relevant factors constant.  

Recognition Trial Characteristics; The nature of the target-to-foil stimuli 

The effect of similarity between the target and the foil in recognition memory tests 

has been well studied with results supporting this relationship as a ‘powerful’ moderator of 

recognition (p. 221; Kintsch, 1970).  Many studies report an inverse relationship between 

recognition accuracy and target-foil similarity, with accuracy declining as target-foil 

similarity increased (Kintsch, 1970; Shepard & Podgorny, 1978).  Interestingly, Tulving 

(1981) found that in a forced-choice recognition test of scenery, participants were more 

accurate when the target and foil were similar than when they were different, however, that 

accuracy seemed to have been at the expense of confidence in their recognition of the target. 

Tulving suggested that this divergence from the inverse-relationship theory was the result of 

the similarly linked photos referring to one memory trace, whilst the dissimilar target and foil 

were matched to two different traces. Furthermore, a ‘test-pair similarity effect’ was 

identified as a phenomenon of forced-choice recognition whereby it was demonstrated that 

recognition was more accurate for word pairs such as ‘cheetah-leopard’ than unrelated words 

such as ‘leopard-turnip’ (Hintzman, 2001). However, ‘distinctive theory’ posits that these 

separate memory traces allow for deeper elaboration (Hunt, 2006).  

Semantic interference can be thought of as a competitive effect in that the 

presentation of the target word may activate all of the other words that the examinee may 

know that were related to the target, and may not be able to inhibit those other words from 

influencing their response (de Zubicaray, Wilson, McMahon & Muthiah, 2001). It has been 
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argued that perhaps this semantic interference has been a factor in PVT performance. For 

example Batt, Shores and Chekaluk (2008) suggested that the semantically related target-to-

foil choices in the WMT may pose difficulties in examinees unable to inhibit incorrect 

responses. For example, in the WMT learning phase the participant may be presented with a 

word such as ‘SHOE’, and in the recall phase the participant is asked to select this word from 

a semantically related foil of ‘BOOT’. Competition within the semantic network may result 

in recollection that the target has “something to do with feet”, and the participant may select 

‘BOOT’ erroneously, thus producing an incorrect answer, despite putting forth optimal effort.  

Whilst no current PVT literature examines the impact of the relationship between 

target and stimulus and impaired samples, a recent study by Bayley, Wixted, Hopkins, and 

Squire (2008) found that memory-impaired patients with hippocampal damage were impaired 

on tests of recognition memory (both ‘yes/no’ and FCR) where the target and foils were very 

similar, suggesting that individuals with hippocampal damage may have impaired recognition 

performance on a PVT if the target and foils are highly related. 

  In light of converging lines of research that indicate that the relatedness of the stimuli 

can either facilitate or hinder recognition in both cognitively healthy individuals and impaired 

samples, it is important that this factor is studied comprehensively across PVTs and clinical 

groups. Consideration of the PVTs in Table 2, the semantic relationship between the target 

and foils is only different on the TOMM, and some portions of the MSVT, and firm 

conclusions are difficult to draw based on this inconsistency.  

 
Summary of the Cognitive Literature and a Way Forward: Introduction of the 
Cognitive Load Task  
 

Considered within the neurocognitive literature, there are several important factors 

that are potentially relevant to how healthy and impaired groups may perform on PVTs with 

differing methodologies, and it is possible that one or more of these factors is influential in 



 

 34 

producing the variable classification accuracy rates amongst existing PVTs. It is important to 

note, however, that these PVTs may vary on several constructs (e.g., type of stimuli and 

number of learning trials) and as such, the differences seen may be due to multiple factors, or 

combinations of factors. Understanding exactly which of these constructs may affect PVT 

performance and, more importantly, how they may affect performance must be better 

appreciated to most effectively design new PVTs, as well as interpret the variable 

classification accuracy seen in existing PVTs. 

Evaluation of PVTs in clinical samples involves both practical and methodological 

challenges.  Specifically, recruiting individuals with significant cognitive impairments can be 

difficult, and from a methodological standpoint, assuming that all individuals in a clinical 

sample are providing valid effort is never a certainty.  The clinical equivalent of the 

simulation design (e.g., see Rogers, 2008 for a detailed description), which assists in 

evaluating the ability of a prospective PVT in identifying invalid effort through facilitating an 

analogue malingering group, is essential and long overdue.  

It is well established in the cognitive literature that increasing the cognitive load 

(typically by way of various distraction tasks) at various points of learning and/or retrieval, is 

an effective tool for the understanding of how memory operations work (for a review of 

Cognitive Load Theory see Kirschner, Ayres & Chandler, 2011). Reducing available 

attentional resources (increasing cognitive load) by way of a distraction task has been argued 

to simulate the effects of aging, alcohol intoxication, and certain types of drugs on memory 

systems (Craik, 1982; Castel & Craik, 2003). Importantly, differences in working memory 

capacity should not arise if a task can be performed with automatic processing (see Tulhoski, 

Engle & Baylis, 2001), as is the processing with recognition memory (Baddeley et al., 2009; 
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Yonelinas, 2002). However, the application of cognitive load manipulation has only recently 

been implemented as a mechanism for understanding the constructs instantiated in PVTs.  

Batt et al. (2008) employed a simple addition distraction task during the learning 

phases of both the TOMM and WMT with a group of individuals with severe traumatic brain 

injury (TBI). As previous research with varying levels of acquired brain injuries revealed that 

the addition of a distraction task did not significantly impact automatic memory processing 

(i.e., implicit memory tasks) when compared with healthy distracted controls (Schmitter-

Edgecombe & Nissley, 2000; Watt, Shores, & Kinoshita, 1999), Batt et al. postulated that any 

performance difficulties on an PVT would indicate that processing other than automatic 

would be required to avoid misclassification. When given under usual standardized 

administration (that is without the cognitive load manipulation) 44% scored below the usual 

cut-off the WMT compared with 16% on the TOMM.   However, Batt et al. found these fail 

rates substantially rose under conditions of increased cognitive load: WMT (75%) vs. TOMM 

(33%).  

Whilst it could be reasonably argued that a sample of severe TBI participants would 

have a higher risk of false-positive classification on either PVT (as is stated by both test 

authors), this study does raise the notion that borrowing from the already well-validated 

cognitive load literature genre may provide an avenue for the application of a methodology 

within healthy individuals that allows clinicians and researchers to systematically evaluate 

constructs in existing PVTs as well in the creation of new PVTs, analogous to the simulated 

malingering methodology (e.g., test, symptom coaching, etc.). However, an application of 

this methodology to the PVT literature remains untested in cognitively healthy individuals.  

That is, the use of a distraction task in a healthy sample may provide further insight as to the 

cognitive demands required to successfully complete PVTs that vary methodologically in the 

ways reviewed above.  
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Conclusions  

While the classification rates of most commonly used PVTs are often treated as being 

roughly equivalent, these tests have demonstrated variable classification rates across a range 

of impaired clinical samples. One likely explanation for some of this variability is the 

cognitive load implications of the divergent methodological choices in how the FCR 

approach has been instantiated across each of these PVTs. The neurocognitive literature 

provides guidance in interpreting some of the patterns seen in the current literature, with 

PVTs that use numbers or pictorial stimuli, and that allow multiple learning trials with the 

opportunity to benefit from performance feedback and the “test effect” appearing, in general, 

to have higher specificity across studies including those with significantly impaired samples. 

Conversely, with regard to the nature of the target and foil semantic relationship, the 

cognitive literature indicates that this relationship can either facilitate or inhibit the FCR 

system, and as such, must be further explored.   

However, almost all commonly used PVTs vary on multiple relevant neurocognitive 

constructs, and without systematically controlling for other relevant characteristics, these 

conclusions remain tentative.  Of note, though, the importance of considering these factors is 

not a new observation (e.g., Bigler, 2012; Rudman et al., 2011), and PVTs with 

methodologies that require greater cognitive resources have generally been adapted in the 

validation process (e.g., use of lower cut-off values for some word-based, compared to 

picture-based PVTs), or after (e.g., development of the “dementia profile” for PVTs that have 

the advantage of FCR plus memory measures with a known gradient of difficulty).  

Importantly, however, the specific contribution of these known neurocognitive factors and 

their influence on PVT design and interpretation has not been systematically evaluated thus 

far, particularly for severely cognitively impaired individuals.  One reason for the relative 
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lack of such a comprehensive research literature is the difficulty in conducting these kinds of 

studies with clinical populations. This issue will be addressed in the next chapter. 
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Chapter 2- Validation of a Clinical Analogue Methodology for the evaluation of 

Performance Validity Tests 

The review of the neurocognitive literature in the previous chapter supported the 

notion that various characteristics inherent in the instantiation of the FCR paradigm in any 

given PVT may have implications for the degree of cognitive ability required to successfully 

perform an PVT and subsequently, whether an individual with significant cognitive 

impairment may be inadvertently misclassified. Furthermore, the cognitive literature suggests 

that there may be a research methodology with potential to serve as a “clinical analogue 

methodology” (CAM).  Specifically, this cognitive load manipulation may simulate 

significant attentional and learning deficits in healthy individuals similar to those seen in TBI 

and other common clinical groups, and thus allow for efficient manipulation and evaluation 

of the cognitive resources required when important aspects of the PVT methodology are 

varied in accordance with the relevant neurocognitive literature. However, the effects of 

distraction on PVT performance for individuals with mild TBI or indeed, cognitively healthy 

adults, has yet to be evaluated. This is important, as access to clinical samples for research 

purposes can be challenging for a variety of reasons. Therefore, an analogue clinical 

methodology would likely facilitate the synergy between the development and validation of 

PVTs, and the larger neurocognitive literature.  

As also noted in the previous chapter, reducing available attentional resources 

(increasing cognitive load) by way of a distraction task has been utilised in the experimental 

literature and found to simulate the effects of aging, alcohol intoxication, and certain types of 

drugs on memory systems (Castel & Craik, 2003; Craik, 1982). Whilst implementation of this 

cognitive load theory paradigm has not been adequately explored in the context of PVT 

performance, an initial exploration of the utility of this paradigm has been introduced (e.g., 

Shores & Walker, 2007; Batt et al., 2008).  
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A recent unpublished study by Shores and Walker (2007) began to develop the 

cognitive load paradigm in the context of PVTs amongst a group of healthy individuals. 

Participants were in either a ‘mild’ simulation-impaired condition, whereby they were asked 

to perform the same distraction task as used in the Batt et al. 2008 study (i.e., an audio-

recording of numbers was read aloud and they are asked to add three to that number, then 

state their answer aloud), and a second group was in a ‘severe’ simulation-impairment group. 

The severely impaired group was also asked to listen to an audio recording of a string of 

digits read aloud, but had to repeat aloud the digits in reverse sequence. Whilst participants in 

both conditions were only assessed on the Immediate Recall (IR) subtest of the WMT, results 

showed that 15% of those in the ‘mildly’ impaired group and 33.33% of the ‘severely’ 

impaired group failed to reach the specific cut-off score of the WMT. Of note, the 

recommended published cut-off score of the effort subtest of the WMT does include a 

Delayed Recall (DR), and a consistency measure of the IR and DR subtests, and was not 

included in their analysis. These results indicate that it may be possible to manipulate aspects 

of the CAM in order to simulate varying levels of cognitive impairment and, importantly, 

there appears to be a significant impact on the IR performance of a cognitively healthy 

sample, even with the implementation of the distraction task with relatively lower cognitive 

demand. However, whilst the results of this initial exploration suggest the ‘less-impaired’ 

distraction task also appears to be effective in a sample of individuals who are already 

cognitively impaired (Batt et al., 2008), formalisation of this methodology in less-impaired 

(and unimpaired) samples across all of the measures typically utilised in the assessment of 

effort is needed to appreciate the efficacy of the CAM in the experimental setting.       

It is also important to note that the Shores and Walker (2007) and Batt et al. (2008) 

studies only included one or more of the ‘effort’ components (Immediate Recall [IR] and 

Delayed Recall [DR] sub-tests) of the WMT, and did not include the ‘memory’ measures 
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(Multiple Choice [MC], Paired Associates [PA], and Free-Recall [FR]). Therefore, the 

pattern of performance for healthy individuals under the CAM across all three WMT PVT 

indicators, as well as performance for TBI individuals under the CAM across all WMT PVT 

and “true” memory measures is unknown. This is important as the WMT manual reports that 

‘anyone making a good effort’ will display an expected task-difficulty gradient of 

performance (p. 1; Green, 2005) across WMT tasks. That is, the IR and subsequent DR tasks 

are viewed to be the easiest of the tasks, followed by the MC, then the PA, and finally the 

most difficult, FR (Green, 2005). As Green (2005) stipulates, should the effort indices yield a 

failing result, the implementation of the pattern analysis for the subsequent memory measures 

would either support full-effort (i.e., follow the expected gradient), or invalid effort  

(anomalies in the pattern of performance such as FR performance better than MC 

performance).  Studies have found that clinical samples such as individuals with dementia 

(Montijo, Calaf, Mercado, Carrion-Baralt, 2008), moderate-severe TBI, strokes, and other 

neurologically relevant conditions (Green, Lees-Haley, Allen, 2002), as well as a group of 

individuals with mild cognitive impairment (MCI; Martins & Martins, 2010) all display the 

expected gradient of decline across the memory measures, despite failure on the effort 

indices. As such, it would be beneficial to determine if performance under the CAM 

manipulation also displayed the expected gradient-decline, as it would indicate that the CAM 

group’s performance is similar to that of clinical samples.   

Present Study  

The aim of the present study was to extend the Batt et al. (2008) study by evaluating 

the performance of a group of Healthy Comparison (HC) adults as well as to extend and 

formalize the initial efforts by Shores and Walker (2007) outlined in the previous chapter in 

the implementation of cognitive load theory approaches to the PVT genre. Furthermore, as 

the Batt et al. sample included severe TBI, with ‘clinically obvious symptoms’ (p. 1076), the 
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current study also investigated the impact of the CAM on a sample of individuals with 

notably less impairment than the Batt et al. sample, by evaluating performance for individuals 

who had experienced a mild traumatic brain injury (TBI). As with the Batt et al. sample, 

performance was evaluated on two well-validated and frequently utilised PVTs, the WMT 

and the TOMM.  

Firstly, it was hypothesised that, similarly to previous studies outlined in the 

Introduction Chapter, the groups who experienced an increase in cognitive load by way of a 

distraction task (the CAM condition) would have significantly lower performance scores 

across both PVTs.  An adverse effect of the CAM on PVT performance in the HC group in 

particular would lend initial support for the validity of the CAM in nonclinical samples.  It 

was also hypothesised that, similarly to the results found by Batt et al. in a severe TBI 

sample, performance on the WMT would be more adversely affected by the distraction task 

than the TOMM when compared to the non-distracted sample. If this hypothesis were 

supported, it would suggest that HC in the CAM condition produced a pattern of performance 

similar to a clinical group (that is, the nondistracted severe TBI group in Batt et al.), which 

would further support the CAM.  Additionally, given potential existing attentional and/or 

memory problems (e.g., Schmitter-Edgecombe & Nissley, 2000; Watt et al., 1999), it was 

hypothesized that individuals with a history of mild TBI may be more vulnerable to the 

effects of the CAM, and therefore they would produce lower scores on the PVTs under the 

CAM. As such, it was hypothesised that performance on both PVTs would be poorer for 

those individuals in the distraction condition who had sustained a mild TBI when compared 

to the healthy controlled distracted sample. Finally, it was hypothesised that the WMT 

memory measures would indicate that the performance among those in the distraction 

condition who score below the cut-off would follow the expected gradient of decline (Green, 

2005) indicating full effort performance.  
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Method 

Participants  

126 people were recruited via an undergraduate psychology course, university 

website, or approved flyers distributed in the community. The posted information asked for 

individuals who had been “struck on the head and knocked out”.  There were additional flyers 

to recruit healthy individuals. Participants included both university and general community 

members. Participants provided informed consent, filled out brief health and TBI experience 

questionnaires, and were either compensated with class credit or $AU10 for travel expenses. 

Approval for this project was obtained from the University of Western Australia Human 

Ethics Research Committee.  

Participants were restrictively randomized into one of four groups; healthy control full 

effort (HC), healthy control full effort with Clinical Analogue Methodology, or CAM (HC-

CAM), TBI full effort (TBI) and TBI full effort with CAM (TBI-CAM). In order to focus 

only on healthy individuals and those with an uncomplicated history of mild TBI, participants 

were excluded if they indicated a previous psychiatric diagnosis (n=15), prior 

neuropsychologically relevant medical diagnosis (n=4), psychoactive drug use within five 

days prior to the testing (n=3), or indicated a loss of consciousness (LOC) of greater than 30 

minutes (n=3). Five other participants were removed due to violating multiple exclusionary 

criteria. All participants denied involvement in any litigation, and no participants were 

excluded for lack of compliance or understanding of the tasks.  

Groups were equivalent across age, education level, estimated pre-morbid 

intelligence, depression and anxiety levels (all ps >.10; Table 1). There was a significant 

difference of gender among the conditions, with a higher proportion of males in the TBI 

groups.  
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Table 1 

 Participant Demographics by Group and Condition 

 HC HC-CAM TBI TBI-CAM  

 (n=27) (n=27) (n=21) (n=21)  

     p 

      
Gender(%Female)  70 63 29 33 .01a 

Age  22.41(6.23) 25.81(11.41) 25.95(9.02) 25.71(10.00) .46 

Education  14.22(1.37) 14.04(1.40) 13.76(1.48) 13.52(1.63) .38 

NART-R  116.22(6.47) 117.67(4.38) 114.67(4.61) 114.95(5.20) .19 

DASSDepression  6.37(5.49) 5.70(7.66) 5.14(9.09) 4.76(5.35) .87 

DASSAnxiety  5.04(4.75) 4.96(4.78) 5.14(5.60) 3.90(4.92) .83 

DASSStress  10.44(7.83) 9.41(6.32) 8.76(6.79) 8.19(7.53) .72 

AUDIT  6.44(4.09) 5.74(4.34) 6.43(5.21) 6.30(5.25) .89b 

Note. Values represent Means (Standard Deviations), unless otherwise noted.  HC= Healthy 
Comparison, CAM= Clinical analogue methodology condition; TBI=mild traumatic brain 
injured. AUDIT is Alcohol Use Disorders Identification Test adapted by Reinert & Allen, 
2003, DASS is the Depression Anxiety and Stress Scales- 21(Lovibond & Lovibond, 1995) 
and the NART-R is the National Adult Reading Test-Revised (Nelson & Willison, 
1991).aχ2(3, n=96) = 12.45, p<.01. b=One participant did not complete the AUDIT. 
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Table 2 

Traumatic Brain Injury Group Details by Condition 

 

 

Cause of Injury(%)      .158b 

 Motor Vehicle Accident 5 10  

 Assaults 10 0  

 Sports Related 48 76  

 Falls, Slip, Trip, Other 38 14  

Medical Information(%)     

 Problems Later* 42.9 52.4 .758c 

 Known Skull Fracture(Yes) 5.0 0 .576d 

 Diagnosed Concussion(Yes) 61.1 31.6 .179e 

Note. TBI=Traumatic Brain Injury; TBI-CAM= TBI clinical analogue methodology. LOC = 
Loss of Consciousness. a=Independent t-test (1,40).b= χ2(4, n=42).  c =χ2(1, n=42). d χ2(2, 
n=41).   e =χ2(2, n=37).  *Problems later included headaches, fatigue, nausea, and loss of 
concentration, or any combination of these for any amount of time. 

 

 

 

 

 

 TBI TBI-CAM  

 (n=21) (n=21) p 

Median No. of Injuries (Range) 1(1-4) 1(1-5) .487a 

Mean Time Since Injury Years(SD) 7.75(8.93) 7.80(8.03) .983a 

Median LOC Minutes(Range) 1(0-20.00) 2(0-10.00) .554a 
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Within the TBI groups, there were no differences with regard to number of injuries 

sustained, time (in years) since injury, or time spent unconscious (in minutes)  (all ps >.10; 

Table 2).  

Measures and Procedures 

To ensure each condition had comparable numbers, the Healthy Control (HC; n=54) 

and mild TBI (TBI; n=42) groups were restrictively randomized into one of two conditions; 

full effort (control), or full effort with distraction, or Clinical Analogue Methodology (CAM). 

All participants were instructed to perform all tasks to the best of their ability at the 

beginning of each PVT administered. Distraction condition participants also completed a 

simultaneous auditory distraction task during the learning phase of each PVT, which was 

presented for 10 seconds prior to the beginning of each learning task, and ended immediately 

when the learning phase was complete. The audio task employed was obtained from Batt et 

al. (2008) and required participants to listen to a recording of random numbers read aloud 

ranging from 1 to 9, one at a time, in three-second intervals. Participants were instructed to 

add three to that number and state their answer aloud.  

PVTs were administered in counterbalanced order, with participants alternating 

between PVTs, as determined by the order of administration to the immediately preceding 

participant in that condition. All participants supplied demographic information (e.g., age and 

level of education) and completed the TOMM during the delay period of the WMT, or in the 

instance of TOMM administration first, filled the remaining delay period with other non-

related filler tasks (e.g., simple mazes or number searches). Mood state was assessed with the 

Depression, Anxiety, and Stress Scale – 21 (DASS-21; Lovibond & Lovibond, 1995), alcohol 

use patterns were assessed using the Alcohol Use Disorders Identification Test (AUDIT, 

Reinert & Allen, 2002), and premorbid intelligence was estimated using the National Adult 
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Reading Test-Revised (NART-R, Nelson and Willison, 1991). Participants also completed a 

brief, post-experiment questionnaire regarding their understanding of what they were being 

asked to do in the experimental conditions (i.e., ‘I was asked to perform to the best of my 

abilities for all tests administered’), and whether they complied with what it was they were 

asked to do for all of the tasks.  

Participants with a previous history of TBI filled out additional self-report 

questionnaires pertaining to their injury (See Table 2). Participants who experienced more 

than one TBI completed as many questionnaires as required.  

Performance Validity Assessment Tools 

The Word Memory Test (WMT). The WMT was administered according to manual 

specifications (Green, 2005) in a computerised format. Subjects are shown a list of 

semantically related word pairs over two learning periods (e.g., BIRD-NEST) and then asked 

to immediately identify (Immediate Recall; IR) the target word paired with a semantically 

related foil (e.g., BIRD-BEAK) in a forced-choice format, with feedback provided after each 

answer. After approximately 30 minutes the Delayed Recognition (DR) component is given 

and scored, compared to the IR score, resulting in the Consistency (CNS) score. A full WMT 

battery also consists of the following ‘true memory’ (p.1) measures; Multiple-Choice (MC), 

with multiple semantic and unrelated options, Paired Associates (PA), where the first word in 

each original pairing is given and the participant states the other target word, and finally, the 

Free Recall (FR), in which the participant is directed to report as many of the original words 

from the list as they can (Green, 2005). There is also a delayed free-recall sub-test that can be 

given, but was not administered due to time constraints. 

The Test of Memory Malingering (TOMM). The TOMM was administered per manual 

recommendations, via flip-book (Tombaugh, 1996). Fifty drawings of common items (e.g., a 
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door) are shown one at a time, and the participant is asked to recall these items in a forced-

choice format. In addition to a brief sample trial, there is a learning phase immediately 

followed by Trial 1, during which feedback is given. After a second learning phase, Trial 2 is 

presented.  Only the scores obtained in this Trial were utilised for classification of effort.  An 

optional delayed or Retention Trial after a 15-minute period can also be administered, but 

was not due to time constraints.  

Data Analysis 

As commonly seen in PVT research, non-normal distributions were observed, and as 

such, both non-parametric and parametric analyses were conducted (e.g., group level 

differences were examined with Kruskal-Wallis, etc.). As these analyses produced identical 

patterns, parametric analyses are presented for ease of interpretation.  

 Demographic details were analysed using one-way ANOVA to ascertain group 

differences, except gender composition, which was evaluated via Chi square analysis. 

TOMM Trial 2 scores were converted to percentages to allow comparison with the WMT 

percentages. As the WMT classification for sub-optimal effort utilises the lowest percentage 

of the WMT IR, DR and CNS sub-test scores, an additional variable (WMT Low) was 

created and applied. As there were significant differences in group composition, gender was 

used as a covariate in the analysis of variances.  

A 2x2x2 ANCOVA was conducted with group (HC vs. TBI) and experimental 

condition (control vs. CAM) as between-groups factors, and test (TOMM Trial 2 vs. WMT 

Low) as the within-subjects factor. Planned comparisons using independent t-tests were 

conducted to evaluate hypothesised group differences.  
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Classification accuracy (specificity) of each PVT between groups and conditions was 

analysed by the Chi Square statistic. Using manual cut-off scores for each test, the Pass/Fail 

rate of the test (TOMM vs. WMT) by group (HC vs. TBI) was compared, as well as the test 

(TOMM vs. WMT) by condition (Control vs. CAM).  

Green (2005) has described the need for pattern analyses of all WMT subtests to 

evaluate potential false-positive classification errors (e.g., the Genuine Memory Impairment 

Profile (GMIP)). In order to evaluate performance patterns in the present study, the method of 

categorisation of the subtests as recommended by Green (2005) was implemented. Mean 

percentages were collapsed for the WMT IR and DR, which comprised the ‘Easy’ category.  

Mean percentages for the WMT MC and PA comprised the ‘Moderate’, and the WMT FR 

comprised the ‘Hard’ categories. These categories were analysed using a 2 (Pass vs. Fail) x 3 

(WMT difficulty level) mixed-model ANOVA whereby difficulty was assessed in terms of 

mean scores between those participants who passed versus those that failed WMT effort 

measures.  

Results 

Mean performance for all trials of the WMT and TOMM are presented in Table 3.  

Between subjects analysis revealed a significant main effect of condition F(1,91) = 50.39, p 

<.001, η2
p = .36, whereby performance across both PVTs in the CAM condition was 

significantly lower than performance in the control condition.  
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Table 3  

Word Memory Test (WMT) and Test of Memory Malingering (TOMM) Performance In 

Percentages Across Groups and Conditions 

 

Note. HC= Healthy Comparison, CAM= Clinical analogue methodology condition; TBI=mild 
traumatic brain injured. ANCOVA F values (1,91). 
 
 

There was also a trend for a main effect of group, F(1,91) = 3.05, p = .08, η2
p =.03, 

indicating that performance on the WMT and TOMM was marginally poorer for participants 

in the TBI group compared to the HC group.  

A significant within-subjects effect of test was also found F(1,91) = 11.04,  p < .001, 

η2
p =.11, suggesting that performance on the WMT was lower than performance on the 

TOMM.  

Of note, however, these main effects must be interpreted within the context of a 

significant within-subjects interaction effect of condition by test F(1,91) = 40.68, p <.001 

with a large effect size  η2
p =.31 (see Figure 1). T-tests performed to evaluate this interaction 

revealed significant differences in mean TOMM scores between the control and CAM 

WMTImmediate Recall 98.70(2.71) 90.56(8.33) 98.10(3.95) 86.90(10.95) 15.11 .000 

WMTDelayed Recall 98.54(2.10) 94.08(5.80) 98.21(4.34) 90.59(8.21) 10.90 .000 

WMTMultiple Choice 97.04(5.59) 80.56(18.05) 92.14(17.51) 73.45(24.16) 9.27 .000 

WMTPaired Associates 97.04(5.76) 79.82(19.44) 91.00(19.46) 69.76(24.97) 10.23 .000 

WMTFree Recall 70.83(10.67) 61.78(14.75) 71.55(19.53) 58.10(20.35) 3.55 .017 

TOMMTrial 1 98.61(4.20) 87.93(7.00) 96.50(5.58) 87.24(7.36) 17.55 .000 

TOMMTrial2 99.93(.038) 98.74(2.61) 99.71(1.30) 98.47(2.36) 3.42 .021 

 HC HC-CAM TBI TBI-CAM   

 (n=27) (n=27) (n=21) (n=21)   

PVT M(SD) M(SD) M(SD) M(SD) F p 
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conditions, t(94) = 3.17, p =.002. The magnitude of this difference was medium (Cohen’s d= 

.64). There were also significant differences on the WMT between the control and distracted 

conditions, t(97)= 7.02, p <.001, with a very large effect size, Cohen’s d = 1.37. These 

findings suggest that the distracted participants had more difficulty with the WMT than the 

TOMM.  

 

 Figure 1: Mean performance on Test of Memory Malingering (TOMM) and the Word 

Memory Test (WMT) by condition.  Error bars represent standard error of the mean. 

 

Although a within-subjects interaction of group by test was found at trend levels, 

F(1,91) = 2.82, p = .096, η2
p = .02, there were no significant differences in mean scores on 

the TOMM between the HC and TBI groups, t(94) = 0.59, p = .56, nor on the WMT mean 

scores t(94) = 1.35, p =.18. The three-way group (HC vs. TBI) by condition (control vs. 
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CAM) by test (TOMM vs. WMT) interaction effect was non-significant F(1,91)=2.24, p=.14.  

Gender as a covariate was also non-significant (F < 1).   

 Classification accuracy. Across all groups, significantly more participants scored 

below their respective cut-offs for the WMT than the TOMM, (χ2 (3, n=96) = 27.53, p < .001, 

Cramer’s V = 0.54; see Table 4). With the exception of one TBI group member, all those 

who scored below the cut-off for the WMT were in the CAM condition. Differences on 

failure rates on WMT vs. TOMM within the CAM condition were significant, χ2 (1, n=96) 

=23.59, p < .001, Cramer’s V=.50. Specificity for the TOMM was 100% across both 

conditions, whilst the WMT specificity was 98% for the control condition and 56% in the 

CAM condition.  

 

Table 4  

Word Memory Test (WMT) and Test of Memory Malingering (TOMM) Classification Data 

 HC HC-CAM TBI TBI-CAM 

PVT (n=27) (n=27) (n=21) (n=21) 

TOMM PASS 27 27 21 21 

TOMM FAIL 0 0 0 0 

WMT PASS 27 18 20 9 

WMT FAIL 0 (0%) 9(33%) 1(5%) 12(55%) 

Note: PVT= Performance Validity Test. HC= Healthy Comparison, CAM= Clinical 

analogue methodology condition; TBI=mild traumatic brain injured. 

Analysis of test by group TBI classification comparisons revealed trend level 

significance  χ2 (1, n=96) = 2.73, p =.099, Cramer’s V=.17, with more individuals in the TBI 

group being misclassified with the WMT, compared with the HC group (31% vs. 17%, 

respectively).  
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  WMT memory pattern analyses. Groups (Pass vs. Fail the WMT, regardless of TBI 

status or CAM condition) were equivalent on all demographic variables (all ps > .10).  Mean 

scores between groups across the WMT Easy, Moderate, and Hard items are shown in Table 

5. A 2 (group) x 3 (subtest) analyses revealed a significant within-subjects main effect of 

subtest F(2,188)= 189.26, p < .001, with a large effect size of η2
p =.67, indicating that all 

participants’ performance declined with task difficulty. There was also a significant between 

subjects main effect of group F(1,94)=84.12, p < .001, η2
p =. 47, revealing that the 

participants who failed the effort measures of the WMT performed significantly worse across 

all subtests when compared with those who passed. A significant interaction effect was also 

found, F(2,188)= 18.03, p < .001, η2
p =.16 (Fig. 2). Planned comparisons indicated that 

performance was significantly better across all three task difficulty measures (WMT Easy, 

WMT Moderate and WMT Hard) for those who passed the WMT effort measures than for 

those that failed (all ps <.05). For those who passed the WMT, paired t-tests revealed a 

significant decrease in performance across the Easy to Moderate measures, t(74) = 4.26, p < 

.001, with a large effect size (Cohen’s d=.92), compared to the individuals that did not pass 

t(24) = 5.44, p < .001, with a very large effect (Cohen’s d=1.49). Paired t-tests across the 

Moderate to Hard items were also significantly different for each of the pass [t(74)= 19.42, p 

< .001, Cohen’s d=2.25] and fail [t(24)= 3.13, p=.005, Cohen’s d=.67] groups.   
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Table 5  

Word Memory Test (WMT) Subtest Performance In Percentages Across Pass and Fail 
Groups  

 Pass Fail   
 (n=74) (n=22)   
   F p 

Note. Values are Means (Standard Deviations). WMT Easy is the mean scores of the WMT 
Immediate Recall (IR) and Delayed Recall (DR), WMT Moderate is the mean scores of the 
WMT Multiple Choice (MC) and Paired Associates (PA), and WMT Hard is the Mean of the 
WMT Free Recall (FR) memory subtest measures.  

  

WMTIR  97.43(3.65) 81.14(8.58)   

WMTDR  98.15(2.78) 86.47(6.20)   

 WMT Easy 97.80(2.92) 83.81(5.91) 230.26 < .001 

WMTMC  93.27(11.55) 62.27(20.97)   

WMTPA  92.50(13.30) 59.31(21.17)   

 WMT Moderate 92.88(12.15) 60.79(20.73) 82.94 < .001 

WMTFR WMT Hard 70.21(14.77) 51.02(15.73) 27.77 < .001 
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Fig. 2. Mean score performance differences on the Word Memory Test (WMT) subtests 
between those who passed the WMT effort measures and those who failed. Error bars 
represent standard error of the mean. Note: Mod=Moderate 

 Upon visual inspection of the data, there appeared to be evidence of greater learning 

across the WMT IR and DR trials for the participants who failed the WMT effort measures 

but not for those who passed (see Table 5). A follow up 2x2 ANOVA revealed a significant 

interaction F(1,94)=14.38, p < .001, η2
p =.13, and main effect of WMT subtest 

F(1,94)=24.68, p < .001, η2
p =.21, suggesting that the performance of those that failed the 

WMT effort measures improved significantly from the IR to the DR subtest, and that this 

‘learning’ was significantly different from that of participants who passed on the same 

measures – that is they benefited from a second learning trial more than those who passed 

(and were already performing near ceiling).  

In addition, whilst both groups show the expected gradient of decline, it appears that 

participants who failed – compared to those who passed - had a sharper decline from easy 

(that is, forced choice recognition recall that relies on familiarity; e.g., Yonelinas, 2002) to 

moderate items (which provide cues to facilitate retrieval, but still require adequate 

consolidation for successful performance), and less steep from moderate to difficult items. 

This suggests that the CAM task may have interfered with effective consolidation such that 
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the retrieval cues were not helpful. In an attempt to attenuate for the issue of false-positive 

results on the WMT in bona-fide impaired individuals, a new scoring methodology was 

implemented by a later version of the WMT manual (2005; v. 1.08; after the design of this 

study) and has also begun to be examined for clinical and experimental efficacy.  In this 

approach, false-positive performance is differentiated from invalid performance using two 

criteria. The first is that true invalid performance would be indicated by the IR, DR and CNS 

falling below the current cut-off criteria (as opposed to being equal to or below the 

recommended cut-off as previously outlined).  The second criterion is that the difference 

between the means of the easy items and the hard items must be below 30 

([(IR+DR+CNS)/3] – [(MC+PA+FR)/3] <30).  In a recent study, Martins and Martins (2010) 

found a large number of false-positives (67%) using traditional cut-offs in a Portuguese 

version of the WMT in a clinical MCI group.  They evaluated the utility of the GMIP, and 

found that this method dramatically improved specificity (from 33% to 95.2%). In the current 

study, implementation of the GMIP approach also decreased the number of likely false 

positives in the distracted groups from 21/48 (66% specificity) to 7/48 (85% specificity).  

Discussion 

Initially explored in the Shores and Walker (2007) and Batt et al. studies, the primary 

aim of this chapter was to begin to evaluate the use of the distraction task as a Clinical 

Analogue Methodology (CAM) in the systematic evaluation of the varying characteristics of 

the FCR memory paradigm instantiated in current PVTs.  This study evaluated a cognitively 

healthy sample and a mild-TBI sample under conditions of full-effort and full-effort with 

distraction on two well-validated PVTs, the WMT and the TOMM. Showing that the 

distraction task decreased the levels of performance compared to the non-distracted 

participants as presented here supported the efficacy of the CAM.  
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It was hypothesised that the groups who experienced an increase in cognitive load by 

way of the CAM would have significantly lower performance scores across both PVTs 

administered. It was found that, similarly to Shores and Walker (2007), the distraction task 

did adversely impact performance in a healthy sample, whereby performance on both PVTs 

was worse for those in the distraction condition than those not distracted across all subtests 

administered. The present study extends Shores and Walker (2007) by evaluating the effect of 

distraction on a larger range of PVT indexes (i.e., all WMT PVT and memory measures as 

well as the TOMM).  This further supports use of the distraction task as a methodology for 

increasing the cognitive load to evaluate the remaining cognitive capacity required to 

successfully complete a PVT.  

In accordance with previous research comparing performance between the two PVTs 

(e.g., Batt et al., 2008; Bauer et al., 2007; Gervais et al., 2004; Green et al., 2000), results in 

this study supported the hypothesis whereby it was expected that performance would be 

better for the TOMM when compared to the WMT, as results showed that performance on the 

TOMM was better than the effort indices of the WMT.     

Furthermore, similar to the results found by Batt et al. in a severe TBI sample, 

performance on the WMT was more adversely affected by the CAM than the TOMM when 

compared to the non-distracted sample for both healthy and mild TBI groups. The significant 

test by condition interaction and very large effect size found confirms both previously 

obtained results as well as the hypothesis presented here. However, the trend-level main 

effect of group with very small effect size comparing performance between the HC-CAM and 

TBI-CAM participants suggests that the hypothesis regarding the level of impact being 

greater for the TBI-CAM compared to the HC-CAM was not fully supported. That is, that the 

healthy controls and the mild-TBI samples performed generally similar under the increase in 

cognitive load.  
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In combination, the robust CAM condition/test interaction and the similarities in 

performance between the healthy and TBI participants in this study affords an exploratory 

examination of the similarities between the distracted healthy samples in this study and the 

non-distracted Batt et al. severe TBI sample, to further establish the utility of the CAM as 

presented here. Indeed, when results of the healthy distracted sample in this experiment are 

compared with the non-distracted Batt severe sample, striking performance similarities 

emerge. Results from Batt et al. showed that mean performance scores on the measures used 

for classification purposes (the lowest of the WMT IR, DR and CNS and TOMM Trial 2) by 

the severe non-distracted Batt et al. sample were WMT: 82.70 (SD= 14.08) and TOMM: 

94.48 (SD= 12.53). Mean performance on the same measures in the distracted cognitively 

healthy sample in this experiment were WMT: 88.24 (SD= 9.40) and TOMM: 98.74 (SD= 

2.61). Single sample t-tests indicate non-significant, but trend-level differences (WMT 

lowest; t(40.9)= -1.65, p=.051, Cohen’s d= .52. TOMM T2; t(25.4)= -1.67, p= .054, Cohen’s 

d= .66) between our healthy CAM participant group and means reported for Batt et al.’s 

nondistracted TBI sample.  Overall, results suggest the current CAM manipulation adversely 

affected performance on the PVTs compared to healthy participants not subjected to the 

CAM, to a level marginally higher than that of a severely impaired clinical group.  

Also evaluated in this experiment was the impact that the CAM task would have had 

on the classification accuracy of each PVT. Classification efficacy is critical in the evaluation 

of PVTs, as this lends the PVT its diagnostic utility. Furthermore, as not all cognitively 

impaired individuals fail a PVT, similar ratios of pass/fail rates between a bona-fide 

cognitively impaired sample and those in the CAM here would also support use of the 

distraction task in an experimental setting. Results also show that similar to the results by the 

Batt et al. study, classification accuracy was also impacted.  Specificity for the TOMM in this 

study was excellent (100%), as all participants scored above the recommended cut-off score, 
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regardless of group (HC or TBI) or condition (control or CAM). Conversely, the decrease in 

mean performance scores on the WMT effort measures produced by distraction was 

associated with a significant decline in specificity when using the traditional cut-off score 

method, with 33% misclassified as giving sub-optimal effort for the HC group, and of 

significant concern, 55% misclassified in the mild TBI group. 

Further exploration into the impact that the distraction task had on performance and 

subsequent misclassification on the WMT between the healthy distracted sample in this study 

(67% specificity) compared with the Batt et al. sample (56% specificity in the nondistracted 

TBI severe group) suggest a similar impact on classification accuracy. These comparisons 

suggest that the CAM appears to produce WMT classification accuracy for the healthy 

distracted samples here at rates not dissimilar to the severe TBI nondistracted classification 

rates in the Batt et al. sample. Therefore, whilst the mean performance scores produced by the 

CAM may not have been as significant as the Batt et al. non-distracted sample, this does not 

translate in a difference in the overall classification accuracy rates from the Batt et al. study. 

This is important as it indicates that the CAM appears to produce a similar ratio of pass/fail 

rates as seen in classification accuracy of severely impaired samples.  

Finally, it was hypothesised that the WMT memory measures would indicate that the 

performance among those in the CAM who score below the cut-off would follow the 

expected gradient of decline (Green, 2005) indicating full effort performance. Green (2005) 

specifies that a hallmark of poor-effort (in conjunction with a failing score on effort 

measures) is an anomaly in the expected task-difficulty gradient. A person that has passed the 

WMT IR, DR or CNS would then show better performance on those scores than on the 

Multiple Choice, which in turn would be better than the Paired Associates, and the Free 

Recall and the Paired Associates score would also be better than the Free Recall. Conversely, 

a person who fails to meet the manual cut-off, and is putting forth suspect effort, should 
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deviate from this pattern (e.g., scores on the Multiple Choice would be lower than Free 

Recall, etc.). Notably, participants who failed WMT effort measures in this study show the 

expected gradient, supporting that this study’s participants were putting forth adequate effort. 

Furthermore, the steep decline in the expected gradient of performance across the easy items 

(i.e., recognition), and the more difficult items (i.e., recall) indicates that for those in the 

distraction condition there was a lack of consolidation of the stimuli into long-term memory, 

whereby the effect was such that the cueing of the target words was not beneficial. This sharp 

decline has also been demonstrated in clinical samples [(e.g., dementia (Montijo et al., 2008); 

MCI (Martins & Martins, 2010); and other cognitive deficits, including various levels of TBI 

(Green et al., 2002)]. This adherence to the pattern of performance analysis of the distracted 

participants in this study, particularly of those ‘failing’ the traditional WMT PVT tasks, 

suggest that the distraction task utilized for the CAM in this study may be an efficacious tool 

in the simulation of cognitively impaired individuals putting forth optimal effort, thereby 

enabling the future systematic evaluation of the neurocognitive constructs employed in PVTs 

not yet explored, and in the development of new PVTs.  Furthermore, implementation of the 

GMIP does appear to dramatically decrease the number of false positives found in the CAM 

sample to an acceptable level of specificity, further indicating that the individuals in the 

CAM who failed the WMT produced patterns of scores across the subtests that were 

indicative of ‘good effort’ (p. 1, Green, 2005), and as such, many of those ‘failing’ are in fact 

false-positives as they were ameliorated by the implementation of the GMIP.   

As presented in this study, it appears that the CAM does in fact provide an adequate 

methodology with which to be able to move forward in the systematic evaluation of the FCR 

paradigm characteristics that are inherent across PVTs, and that may be influencing the 

variability in obtained classification accuracy across PVTs. That is, the level of performance 

on the administered PVTs appears to be substantially affected by the CAM, as well as the 
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patterns of performance both within and across the exemplar PVTs, allowing for a level of 

simulated impairment that whilst is not as severe as a severe TBI, is also more than a mild 

TBI, and may be quite useful in evaluating the cognitive load required by varying FCR task 

characteristics.      

The results from this experiment also indicate that, consistent with the evidence from 

neurological imaging and clinical samples, the cognitive demands placed on the examinee 

taking the WMT are substantial. Indeed, the similarities found between the current study and 

the Batt et al. study seem to support that the WMT may in fact require a higher degree of 

cognitive resources than the TOMM. Nevertheless, as described in the previous chapter, the 

possible mechanisms that may influence performance on all PVTs (e.g., the semantic 

relatedness between the target and the foil and number of learning trials) must be 

systematically explored.  

However, before conclusions about the influence of these characteristics can be 

substantively drawn, another methodological issue of the CAM must be addressed.  That is, 

the reason for the stark differences between performance on the TOMM and the WMT by 

those distracted may have been because the processing systems required for the verbal-based 

stimuli in the WMT (as opposed to the visual TOMM stimuli) may have been at capacity or 

overloaded by the concurrent verbal nature of the distraction stimuli [(i.e., modality-specific 

interference (Baddeley & Logie, 1999)] used in the present study, and subsequently, 

participants were unable to process the verbal target stimuli enough to encode for recognition, 

whilst being less affected for the picture-based TOMM. This possibility would have 

implications for how the CAM may need to be adapted when measuring PVTs across 

modalities and this issue will be explored in the next chapter.   
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Chapter 3- Evaluation of Modality Specific Interference Effects in the Implementation 

of the Distraction Task Type on Target Stimulus Type 

As briefly described in the previous chapter, an evaluation of the congruency between 

the PVT stimulus and distraction task (CAM) modalities (i.e., both verbal vs. visual) must be 

evaluated as part of the process of determining the validity of the implementation of the Craik 

(1982) methodology as a clinical analogue for a cognitively impaired sample in future 

research designs. Specifically, for the CAM to be utilised in the context of this thesis or 

indeed in other experimental settings, it must be determined if the differential performance 

deficits observed on the WMT are the result of stimulus congruency (i.e., PVT and CAM 

stimuli both visual or both verbal) or incongruency (i.e., PVT verbal with a visual CAM 

stimuli or vice versa) alone. There is some evidence suggesting that the modality within 

which the individual is required to complete the distraction task has implications for how 

much interference is seen on modality congruent or non-congruent primary memory tasks. 

That is, a verbal distraction task (such as the model presented here) may interfere more with a 

verbal memory task compared with a visual task, and if so, modifications of the CAM would 

be needed to reflect the stimulus-congruency factor. 

Several studies have demonstrated that healthy adults typically have little difficulty in 

performing demanding concurrent verbal and visual memory tasks (incongruent stimuli), 

suggesting that there are distinct operating systems for each task (Baddeley, Bressi, Della 

Sala, Logie & Spinnler, 1991). However, when two concurrent tasks compete for the same 

processing resources (that is, use congruent stimuli), this can create a competitive effect, also 

known as modality-specific interference (Baddeley & Logie, 1999). Indeed, much research 

over the past few decades has established that the memory system is comprised of distinct 

processing modules (e.g., Baddeley, 2000; Baddeley & Hitch, 1974), and that this system is 

limited in capacity (e.g., ‘magic number 7 +/- 2’ items stored; Miller, 1956), as well as 
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limited in terms of the amount of stimuli that can be processed at any given time (e.g., verbal 

stimulus overload as seen in the ‘cocktail party problem’, Cherry 1953). Furthermore, initial 

exploration into stimulus cross-modality effects suggested that an added verbal distraction 

task (shadowing, or immediately repeating back a narrative) differentially impacted the 

forced-choice recognition of verbally, but not visually based stimuli (Allport, Antonis & 

Reynolds, 1972). However, Allport et al. (1972) only required 15 items to be recalled in the 

FCR format. 

Additional research has found a lack of concurrent task interference when a verbal 

memory task was paired with a simultaneous visual tracking task (Baddeley et al., 1991). 

However, the concurrent task in that study did not require working memory, and Cocchini, 

Logie, Della Salla, MacPherson and Baddeley (2002) sought to further support the domain-

specific working memory system model with concurrent tasks designed to engage these 

separate memory systems. Results supported domain-specific working memory systems with 

performance on the on-going verbal memory task in one experiment having no impact on 

retention of visual memory pre-load items, and vice-versa. However, a second experiment 

with verbal stimuli and an articulatory suppression task (e.g., repeatedly saying the word 

‘go’) showed that verbal memory was more adversely impacted than those tasks utilising the 

visuo-spatial processing and the repeated spoken ‘go’ distraction. Park, Kim and Chun (2007) 

also demonstrated that when working memory items were paired with a similar distraction 

task, this increased distractor interference, and when the target and distractor were dissimilar, 

this assisted target selection. Likewise, a recent study by Dittrich and Stahl (2012) used 

auditory stimuli in a series of experiments employing modified auditory Stroop tasks 

demonstrated greater effects on recall tasks when the distraction task matched the target task. 

Thus, the extant research appears to support task interference when both tasks’ 

demands require the same pool of cognitive resources, and have to compete with each other 
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for available resources.  Conversely, this interference was not present (or diminished greatly) 

when those tasks’ resource demands did not overlap. However, this has not been adequately 

explored in the context of PVT literature, where most measures use relatively large numbers 

of stimuli in an FCR format. If this pattern of findings is seen in PVTs, it may provide an 

alternate interpretation to Batt et al.’s (2008) findings, and suggest that modification of the 

CAM would need to be carried out in future studies such that the distraction task would not 

differentially impact PVT performance of similar stimuli. That is, if the performance on a 

verbally-based PVT (e.g., the WMT) is disproportionally impacted by a verbal-audio 

distraction task (e.g., the task presented here), future empirical studies using the 

implementation of the cognitive load paradigm would need to consider modifying the 

distraction task so as not to differentially impact performance.   

Present Study 

 As outlined above, several dual-task studies have established that in healthy adults, it 

may be task congruency/incongruency, rather than the overall cognitive demands of the two 

tasks, which determines whether performance will be significantly impacted. As seen in both 

the Batt et al. (2008) severe TBI, and the healthy to mild TBI samples in the previous chapter, 

the congruency between the verbal nature of the WMT and the verbally-based distraction 

stimuli may differentially impact performance compared with the picture-based stimuli of the 

TOMM. That is, the difference in level of performance on the TOMM vs. WMT found by 

Batt et al., and in the study reported in Chapter 2 may not be due to aspects of the tests 

themselves, but simply be due to whether the stimulus modality matched the distraction task 

modality. 

  The present experiment aimed to explore whether modality-specific interference 

occurs in forced-choice recognition tasks and, as the studies above primarily looked at the 

interference effects of the congruency of verbal factors, to also ascertain the effects that a 
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visual distraction task may have on visual stimuli. In order to control for other factors already 

proposed in the Introduction Chapter to explain differences in performance on the two tests 

(e.g., number of learning trials, opportunity to practice), simplified tasks similar to the WMT 

and the TOMM were used to ensure that these tasks were matched on these factors – that is, 

the test characteristics were identical with the exception of stimulus modality – words or 

pictures. The current tests each consisted of a single learning phase, involving the 

presentation of words or pictures, and one test phase, with each previously seen stimulus 

paired with a non-semantically-related foil. Participants completed both the verbal-based and 

image-based tasks, and either a verbal or visuo-spatial concurrent distraction task was 

completed during encoding.  In addition, a control condition involving no concurrent task 

was included.  

The concurrent distraction (CAM) tasks required the manipulation of, as well as the 

retention of, either visuo-spatial or verbal information. The visuo-spatial concurrent task was 

based on the Brooks Spatial Matrix task (Toms, Morris, & Foley, 1994), a working memory 

task involving the visualisation of locations on a grid. Performance on the grid manipulation 

task has been found to interfere with maintenance of other visual stimuli in the visuo-spatial 

system (Toms et al., 1994), and thus the task can be concluded to draw substantially upon 

visuo-spatial working memory. The verbal concurrent task, similar to the distraction task 

employed by Batt et al. (2008), involved the performance of simple addition operations, a 

task that has been demonstrated to make substantial demands on verbal working memory 

(Dehaene & Cohen, 1997).  

If the concurrent tasks successfully reduce cognitive capacity, performance on both 

the picture and word recognition tasks should be lower in the verbal and visuo-spatial 

concurrent task conditions compared with in the control condition, regardless of task 

congruency. Furthermore, if modality-specific interference selectively affects performance on 
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forced-choice recognition tasks, performance on the word memory task should be 

significantly lower than performance on the picture memory task in the verbal concurrent 

task condition. Conversely, in the visuo-spatial concurrent task condition, picture memory 

task performance should be significantly lower than word memory task performance.  

Method 

Participants 

Participants were 85 healthy community members, 81 of whom were drawn from a 

university sample. They were recruited either through a School of Psychology website or via 

word of mouth, and received course credit or $AUD10 for travel expenses. All participants 

provided informed consent. The University of Western Australia Human Ethics Research 

Committee granted approval for the project. 

 Participants were randomly allocated to one of the three concurrent task conditions 

(control, verbal, and visuo-spatial) in a manner ensuring similar gender ratios for the three 

conditions (see Table 1), in order to control for any potential gender differences in verbal and 

visual abilities (Lewin, Wolgers, & Herlitz, 2001). Participants in each condition were closely 

matched on age, gender, and first language (all ps > .10). 
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Table 1  

Demographic Information By Concurrent Task Group.  

 Control 

(n = 24) 

Verbal 

(n = 31) 

Visuo-
spatial 

(n = 30) 

 

p 

Age M (SD) 23.33(10.18) 22.48(8.37) 21.67(6.23) .763a 

Women (%) 70 67 70 .966b 

English as first 
language (%) 

83 64.5 63.33 .560b 

Note. M= Mean SD= Standard Deviation. a =One-way ANOVA, F(2, 84)= 0.27. b =χ2 (2, N = 

85). 
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Measures and Procedures 

Picture And Word Memory Tasks 

A pool of 180 pictures was chosen from an online database (Szekely et al., 2004) for 

the picture memory task. All pictures were black line drawings of everyday objects, each 

measuring 300 x 300 pixels. Ninety of the pictures represented objects that were also 

included in the TOMM, with the other 90 matched to these pictures on name agreement and 

frequency in the English language. Stimuli for the word memory task were simply the most 

common name for each of the objects in the picture memory task, depicted in black size 36 

Arial Bold font – that is, all words corresponded to the stimuli used in the picture task. The 

stimuli were divided into four lists of 45 (the mean number of stimuli present between the 

original versions of the WMT and TOMM), with their presentation as either target word, foil 

word, target picture, or foil picture counterbalanced across participants, and within each 

concurrent task condition. This ensured no stimulus was presented to any given participant in 

both its word and picture form.  

After providing informed consent, all participants were instructed to perform to the 

best of their abilities. A brief sample trial of the version of the tests they were about to 

complete was then presented, consisting of four items of each type of stimuli.  For those in 

the distraction task conditions, this sample trial also included the distraction task as well. 

Providing a sample trial, or forewarning of cues about disruption to learning has been shown 

to allow those with a low working memory capacity to perform similarly to those with a high 

working memory capacity (Hughes, Hurlstone, Marsh, Vachon & Jones, 2012), thereby 

negating any issues that this innate confound may have. The two test versions were 

counterbalanced across participants, with half completing the WMT-like task first and the 

TOMM-like task second, and half in the opposite order. In the learning phase of each 
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memory task, the 45 target pictures or words were presented on a white background on screen 

for 3000ms, one after the other, in a random order. A test phase immediately followed the 

learning phase, with each of the 45 stimuli from the learning phase presented in a new 

random order, this time paired side-by-side with a previously unseen foil (see Figure 1). 
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 Figure 1. Illustrative example of order of learning phase events for the incongruent 
conditions. From top: the visual memory task in the verbal distraction condition, and the 
verbal memory task in the visuo-spatial distraction task condition. 
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Target stimuli appeared on the left and right of the screen a roughly equal number of 

times, in a randomised order. Participants were required to select the picture/word seen in the 

learning phase by touching it on the screen, or utilising a mouse, with test pairs remaining on 

screen until a response was made. Feedback was provided via the screen background turning 

green for correct, or red for incorrect answers.  

Distraction Tasks 

In the control condition, picture and word memory tasks were simply administered in 

the manner described above. Figure 1 illustrates the order and timing of task events in the 

incongruent conditions (verbal distraction with pictorial stimuli), as well as for the verbal and 

visuo-spatial concurrent task conditions. 

The verbal concurrent task began with a single digit between 1 and 9, randomly 

chosen for each trial, presented centrally on screen for 3000ms in black size 36 Arial Bold 

font on a white background. A set of three auditory mathematical instructions followed, with 

participants required to perform these operations sequentially on the original digit. These 

instructions ranged from ‘add one’ to ‘add nine’ and were recorded in a female voice using 

the SoundForge software program. Each instruction was recorded at a sampling rate of 44.1 

KHz and edited to a duration of 1250ms, with the set of three lasting approximately 3750ms.  

The first 750ms of the auditory instructions (e.g., “add one”) was accompanied by a 

blank, white screen, with the remaining 3000ms concurrent to the presentation of a 

picture/word memory stimulus. Another blank screen then appeared for 1000ms, to enable 

the final calculation. Following this, a second digit, the same size and font as the original 

digit, was presented centrally on the screen on a white background. In roughly half of the 

answers, the digit displayed was the correct answer to the mathematical equations, and in the 

remaining cases it was an incorrect answer by one digit. In order to ensure processing of the 
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addition task had been occurring concurrently to presentation of the picture/word stimulus; 

participants were given only 2000ms to respond either ‘correct’ or ‘incorrect’, via mouse 

click. Feedback was provided via the screen background changing to green for correct, or red 

for incorrect.  

The visuo-spatial concurrent task was constructed to match the verbal concurrent task 

in its presentation of an initial visual stimulus, followed by auditory instructions to transform 

that stimulus, and finally a second visual stimulus for a correct/incorrect response. This 

visuo-spatial task was similar to the Brooks Spatial Matrix task, as used by Toms et al. 

(1994), and required the visualisation of locations in a 4x4 grid of 400x 400 pixels. 

 The visuo-spatial concurrent task began with the grid presented on screen on a white 

background for 3000ms, with one of the squares randomly filled in black. A set of three 

auditory directional instructions followed (e.g., ‘up one’, ‘down three’, ‘left two’, etc.), with 

participants required to visualise these changes in location being performed sequentially on 

the original position of the black square. These instructions were recorded in the same 

manner as for the verbal task. Each set of three instructions again lasted approximately 

3750ms.  

As in the verbal concurrent task condition, a blank white screen accompanied the first 

750ms of the instructions, with the remaining 3000ms concurrent to the presentation of a 

picture/word memory stimulus. Another blank screen then appeared for 1000ms, to enable 

visualisation of the final direction change. A second grid was then presented on a white 

background, the same size as the first. In half of cases the black square was in the correct 

location in the grid following the transformations, and in the remaining cases it was in an 

incorrect location by one position in any direction. Participants responded and were provided 

feedback exactly as in the verbal concurrent task.  
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Ninety sets of three auditory instructions were created for each of the verbal and 

visuo-spatial concurrent tasks. These sets were administered in a random order across the 

learning phases of the word and picture memory tasks for each participant in each concurrent 

task condition. A minimum one-minute break was provided between the two recognition 

memory tasks, during which participants were asked to fill out brief demographic 

information.  

Pilot testing was undertaken in order to check for similar difficulty of the verbal and 

visuo-spatial concurrent tasks. Six participants, three in the verbal concurrent task condition 

and three in the visuo-spatial condition, completed the experiment following the procedure 

described above. An independent samples t-test using mean scores across the two phases of 

the concurrent tasks (i.e. when paired with the two different memory tasks) as the dependent 

variable, found accuracy performance on the verbal (M = 38, SD = 4.44) and visuo-spatial (M 

= 37.17, SD = 1.04) concurrent tasks to not be significantly different, t(4) = 0.32, p = .77, d = 

0.26.  

Results 

As observed in the previous chapter, the data were non-parametrically distributed, and 

as such, non-parametric tests (e.g., group level differences were examined using Mann-

Whitney, etc.) confirmed parametric analyses and yielded identical patterns of results. 

Parametric analyses will be presented for ease of interpretation.  

A one-way ANOVA was conducted to determine any age differences across the 

conditions and results are in Table 1, as are chi-square analyses to determine any differences 

in gender and first-language. The groups were not significantly different on these measures. 

No association was found between memory test scores and age (Pictures: rs (83) -0.071; 

words:  rs (83) -0.113. All ps > .05).  
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Figure 2. Mean per cent correct on each of the recognition memory tests by condition. ND= 
Non-distracted condition (n=24); VBD= verbal distraction task condition (n=31); VSD= 
visuo-spatial distraction task condition (n=30). Bars represent standard error. 
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 A 2x3 ANOVA was conducted with within groups factor test stimulus modality 

(pictures vs. words), and the between subjects factor being distraction condition modality 

(non-distracted (ND) vs. verbal distraction (VBD) vs. visuo-spatial distraction (VSD)).  

Analysis within participants (i.e., performance across both stimulus types) revealed a 

significant main effect of test stimulus modality F(1,82)=67.05, p < .001, with a large effect 

size, η2
p=.45, indicating that performance was higher for the picture recognition test when 

compared to the word recognition test for all participants across all conditions (see Figure 2). 

There was also a main effect of condition F(2,82) = 19.20, p < .001, also with a large effect 

size η2
p=.32, suggesting that performance on both tests was adversely impacted by the 

distraction conditions. There was no interaction effect (F< 1). Interestingly, the effect of 

stimulus modality held for the nondistracted participants as well, with performance on the 

visual stimuli significantly better to that of the verbal (t(23)=4.19, p < .001, d =1.74) in the 

control condition, suggesting that even for participants with no increase in cognitive load, 

performance was better for the pictorial-based stimuli compared to that of the verbal (i.e., 

picture superiority effect, Paivio; 1991).  

A 2 (concurrent task modality) x 2 (test modality) ANOVA was conducted to evaluate 

Hypotheses 2 and 3 - that is, the potential impact that stimulus modality-congruent distraction 

tasks may have had on each PVT administered, whereby the between factor was VBD vs. 

VSD, and the within measures were the types of recognition test administered. There was a 

significant main effect of test, F (1,59)= 51.03, p < .001, η2
p=.46, whereby performance on 

the picture test was greater (M=39.41, SD= 4.56) when compared to performance on the 

word based test (M=35.20, SD= 4.70). There was no main effect of concurrent-condition 

type, F(1,59)=2.38, p=.13, η2
p=.04. There was no interaction effect of test by distraction type, 

F=1.30, p=.26, η2
p=.02, indicating that performance on either recognition test was not 

differentially affected by the type of distraction.  
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Discussion 

Use of a distraction task has been an established methodology in the evaluation of 

different cognitive process as they pertain to working memory capacity and 

instruction/learning paradigms (Lavie, 2010), and it has also been well established that the 

working memory capacity for healthy individuals is domain-specific (e.g., visuo-spatial, 

phonological loop, etc.; Baddeley & Hitch, 1974). The effects of this increase in cognitive 

load in sample of severely brain-injured individuals (Batt et al., 2008) and healthy to mild 

TBI samples in the preceding chapter suggest that the CAM (based on this cognitive load 

manipulation) outlined in the correlating chapters shows promise in the implementation of a 

simulated cognitive impairment, however, the verbally based CAM utilized in that study (and 

the study by Batt et al., 2008) may have differentially impacted performance on the verbally-

based WMT than the visually-based TOMM.  While Batt et al. interpreted their results for 

those in the distraction condition as evidence that the WMT required more cognitive 

resources than the TOMM; another possibility is that there was a modality-specific 

interference effect (Baddeley & Logie, 1999).  This has implications for the potential wider 

use of the CAM, and the present study was designed to evaluate this potential effect on 

measures similar to these PVTs. 

It was hypothesized that both the WMT-like and TOMM-like tests would be 

adversely impacted by the distraction task, as seen in Chapter 2. Results supported cognitive 

load theory as all distracted participants performed significantly worse than their non-

distracted counterparts on both verbally and pictorially based recognition test stimuli, 

regardless of distraction task modality.   

Furthermore, based on the general modality-specific interference literature, it was also 

hypothesized that for persons in the verbal distraction condition, performance would be 
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worse on the verbal test when compared to their performance on the picture stimuli test. 

Conversely, it was hypothesised that for those in the visual distraction condition, performance 

on the picture stimuli test would be poorer when compared to their performance on the verbal 

stimuli test. However, these hypotheses were not supported, and results did not provide 

evidence of modality-specific interference for PVT-type forced choice recognition (FCR) 

memory tests. That is, while performance on both recognition tasks was impacted by the 

distraction tasks, the specific nature of the distraction tasks did not differentially impact 

performance on the recognition test of similar nature. It could be argued that modality-

specific interference for PVTs, while not seen in the current healthy sample, may be found in 

severe TBI samples, and thus still explain the results found by Batt et al. (2008).  However, 

the same pattern of performance on the TOMM and WMT seen in their severe TBI sample 

was found in the mild TBI and healthy sample reported in Chapter 2.  This suggests that 

modality-specific interference is not a likely explanation for the findings of Batt et al. (2008), 

and that differences in other characteristics of the PVTs (e.g., the target stimuli modality, use 

of unassessed learning trials, the semantic relatedness of recognition foils) remain as a 

potential causative explanation to be evaluated.  

Indeed, consistent with the hypothesis brought forward in the Introduction Chapter, as 

well as with previous findings (e.g., Shephard, 1967; Paivio, 1991), performance on the word 

memory task was significantly poorer than on the picture memory task across all conditions 

(including the control condition). However, as no interaction was found between the modality 

of memory task and the concurrent task condition, this suggests that the two memory tasks 

were similarly adversely affected by the addition of the concurrent tasks.  

Failure to support previous research on modality specific interference effects in 

picture and word-based FCR tasks suggests that rather than placing demands on a specific 

modality pool of resources as seen in more traditional memory tasks, learning for the FCR 
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tasks place more demands on the general cognitive working memory domain; the central 

executive. As the two concurrent tasks both required manipulation of the distraction task 

stimuli, it can be argued that they drew on the central executive (Baddeley & Logie, 1999), as 

well as the verbal and visuo-spatial subsystems. More recently, a study by Fernandes & 

Moscovitch (2000) sought to determine the effects of an added distraction task at both the 

encoding and the retrieval stages of free-recall memory tests and found that there was a large 

disruption to the encoding of the materials that was non-modality specific. That is, when 

employing either a word-based or digit-monitoring secondary task, this significantly 

disrupted the performance on the verbally based memory task (all audio based stimuli). 

However, when the distraction was introduced at just the at the retrieval stages of the testing, 

the type of distraction modality differentially impacted performance where the word-based 

distraction task more adversely impacted verbal memory performance when compared to the 

digit task. They theorised that during encoding, both the memory and the distraction task 

were competing for general resources, whereas the retrieval process engaged the 

representation system (i.e., visuospatial or phonological) (Fernandes & Moscovitch, 2000).  

Furthermore, the task implemented in this study involved multiple manipulations and 

updating steps for both types of distraction tasks, whilst the primary task involved the simple 

storage of the presented stimuli, and as such, it may be argued that the higher load of the 

distraction task adversely impacted the encoding and rehearsal maintenance of the to-be-

recognised primary stimuli (Naveh-Benjamin & Jonides, 1984). Indeed, Hasher and Zacks 

(1979) posit that memory performance is decreased when attention is divided at encoding as a 

result of a decrease in the individual’s strategic-effortful processing. That is, when the 

individual is trying to perform the concurrent task, they lack the cognitive resources to 

encode the information in the primary task.   
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Importantly, this study implemented a FCR primary task, whereas the studies outlined 

in the introduction of this chapter implemented spontaneous recall tasks (Cocchini et al., 

2002) and ‘yes/no’ recognition memory tasks (Park et al., 2007) and as such, it may be that 

the memory system engaged in the successful completion of FCR tasks does not rely on the 

same modality specific resources as other memory measures (Yonelinas, 2002).  

Regardless of the mechanism by which the distraction methodology affects PVT 

performance, the current results appear to support that the cognitive load stimuli used does 

not differentially affect picture vs. word based PVTs based on FCR measure of the same 

nature. This further supports that a CAM based on Craik’s verbal methodology is sufficient to 

impair the level of performance of otherwise healthy individuals (as seen in Chapter 2 and 

Shores and Walker, 2007) and demonstrate the differing degrees of cognitive capacity 

required for successful completion of a variety of PVTs. Of note, as the equivalence for PVTs 

based on numbers or other types of stimuli have not been evaluated, conclusions regarding 

the lack of dual-task interference effects remain limited to the FCR words and pictures. 

Therefore, it is appropriate to conclude that the CAM presented here provides a reasonable 

methodology for the systematic manipulation of other cognitive factors in PVT construction 

identified as potentially relevant in Chapter 1 of this thesis. The following chapter will 

implement the CAM in an initial exploration of one of these important factors: the semantic 

relationship between the target and foil in the trial phases of the PVTs.     
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Chapter 4- Exploration Of The Semantic Relationship Between the Target and the Foil 

 As noted in the Introduction Chapter, much of the current PVT research has had 

generally inadequate guidance from neurocognitive processing theory (Bigler, 2012). The 

aim of this chapter is to begin to bridge the current neurocognitive literature with that 

addressing contemporary PVTs commonly used in clinical assessments by manipulating the 

relevant cognitive characteristics that vary across published PVTs.  This will be done using 

the CAM (Clinical Analogous Methodology), for which initial validation was presented in 

Chapter 1.  

Specifically, converging lines of research suggest that in the FCR paradigm, the 

relatedness between the target item and the foil in the recognition trial may be one of the test 

characteristics that influence performance. That is, the similarity between the target and foil 

may influence recognition memory performance, with some early studies positing that the 

more similar the relationship was between the target and the foil, the lower the accuracy was 

for target recognition (Kintsch, 1970; Shepard & Podgorny, 1978). Conversely, a ‘test-pair 

similarity effect’ was identified as a phenomenon of forced-choice recognition whereby it 

was demonstrated that when participants were shown lists of singly presented words during 

the learning phase, accuracy was greater for similar trial word pairs such as ‘cheetah-leopard’ 

than unrelated pairs such as ‘leopard-turnip’ (Hintzman, 2001). As there are variations of the 

relatedness between the target and the foil across PVTs, and this facet has not been 

adequately explored, it is important to evaluate what influence the semantic relatedness of 

target and foil in the FCR trial may have on performance, particularly for those with 

cognitive impairment.  

When an individual completes an FCR memory test they must accomplish two things; 

first, they must accurately identify the correct answer, and second, they must inhibit the 

incorrect answer. Batt et al. (2008) proposed that performance on the FCR subtests of the 
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WMT may be compromised by highly semantically related targets and foils (e.g., target word 

‘BOOT’ versus foil word ‘FOOT’), and therefore may require more cognitive resources to 

increase their discrimination ability, including suppression of the incorrect response for new 

versus old items. Conversely, as the TOMM utilises distinctly unrelated targets and foils 

(e.g., target drawings of a door versus a foil drawing of a flower), FCR performance may 

require fewer cognitive resources for successful discrimination – particularly for cognitively 

impaired individuals. 

Collins and Loftus’ spreading activation network theory (1975) proposed that 

semantic memory is organised on the basis of the relatedness between concepts, or semantic 

distance. Subsequently, whenever a stimulus is presented, or when a person thinks about a 

concept, the appropriate semantic node is then activated.  Semantic distance between 

concepts is determined by perceived relatedness (Collins & Loftus, 1975). For example, the 

semantic distance between ‘apple’ and ‘fruit’ would be shorter and therefore elicit stronger 

and quicker activations for most people than ‘tomato’ and ‘fruit’. This also demonstrates the 

typicality gradient (Rips, Shoben & Smith, 1973), as whilst both apples and tomatoes are 

fruits, apples are a more typical representation, indicating a shorter distance and thus the 

relationship is quicker to verify. When considering the semantic relationship between the 

target and foil, the spreading activation network theory provides a framework to understand 

how perceived relatedness may impact performance on PVTs. 

Whilst not adequately explored in the genre of PVT literature, it should be noted that 

the potential effects of the semantic relatedness between the target and the foil at the testing 

point in the trials is complex. That is, in accordance with spreading activation network 

theory, the semantic relatedness between the target and the foil may facilitate target selection. 

However, it may also make suppression of the highly related foil difficult, as many studies 
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have demonstrated that the higher the degree of similarity between the target and the foil, the 

less likely the examinee is to discriminate between the two items (e.g., Kintsch, 1970; 

Shepard & Podgorny, 1978), a concept known as the semantic interference effect.  

Semantic Interference Effect and Distinctiveness Theory  

Some PVTs require a delay period between initial learning and testing trials (e.g., up 

to 30 minutes) and often this time is filled with other cognitive measures. In a seminal 

compendium that clinicians frequently utilise in practice, Strauss et al., (2006) note that it is 

‘important that tests with similar visual or verbal content be avoided, because the [examinee] 

may substitute the content of intervening tests during the delayed recall of the first test’ 

(p.78).  This concept of ‘contamination’ can be extrapolated to that of semantic interference 

as well.    

Semantic interference can be thought of as a ‘competitive’ effect (i.e., semantic 

interference effect; SIE) in that the target word activates its subsequent lexical code, but 

through the activation in the conceptual network of the examinee, also engages a number of 

other lexical representations, linked to semantically related non-target words (de Zubicaray, 

Wilson, McMahon & Muthiah, 2001). That is, when a node is activated, it also activates 

many other subsequent associated words and concepts related to the stimuli (as determined 

by the individual’s spreading activation network), and this can be problematic for some 

people as they may be unable to inhibit the activated associative ideas engaged (Roediger & 

McDermott, 1995). Indeed, Bayley et al., (2008) found that persons with hippocampal 

damage had greater difficulty with FCR tasks when the target and the foil were more similar 

than when they were not.  

Furthermore, distinctiveness theory (Hunt, 2006) posits that an increase in semantic 

processing allows subjects to encode more unique features from each word relative to the 
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surface processing (i.e., levels of processing, LOP; Craik & Lockhart, 1972), and that these 

separate memory traces allow for deeper elaboration (Hunt, 2006).  These additional semantic 

or conceptual features help to make it stand out from the studied words, making those studied 

items less susceptible to interference and/or providing more features that can be used to 

successfully recognise the item (Gallo, Meadow, Johnson & Foster, 2008). For example, 

when presented at learning with the word ‘DOG’, and later the test pair of target word ‘DOG’ 

and foil word ‘BIRD’, the physical difference between the words (e.g., three letters versus 

four letters, etc.) along with the differences in the semantic network (e.g., the person’s 

individual experiences and ideas about those two concepts) engaged, ensure that each word is 

a separate memory trace, and thus each will be uniquely retrieved easily from each other.  

As mentioned, in the study conducted by Batt et al. (2008) evaluating performance on 

both the TOMM and the WMT in groups of severely brain-injured people, it was 

hypothesised that one reason for the performance discrepancy between the two PVTs 

administered may have been due to the higher semantically related target-to-foil choices on 

the WMT. It was further theorised by Batt et al. that this relatedness may have posed 

difficulties in the examinees inability to inhibit incorrect responses. Whilst not adequately 

explored in the PVT context, the SIE and distinctiveness theory would suggest that 

discrimination between the target and the foil may be problematic, particularly for individuals 

with cognitive impairments. The SIE posits that the higher degree of relatedness between the 

target and the foil may engage a competitive node activation effect, whereby some 

individuals may have difficulty in suppressing the competing response, and this higher degree 

of relatedness may also make the target and the foil less distinct and therefore less easy to 

discriminate. For example, in the WMT learning phase the participant may be presented with 

a word-pair such as ‘SHOE- BOOT’, and in the recall phase the participant is asked to select 

both words in consecutive trials from a semantically related foils of ‘SOCK’ and next 
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‘FOOT’. Competition within the semantic network (i.e., SIE) may result in recollection that 

the targets have “something to do with feet”, and the participant may select ‘FOOT’ and or 

‘SOCK’ erroneously, thus producing an incorrect answer, despite putting forth optimal effort. 

Conversely, the TOMM utilises visually and semantically distinct targets and foils (e.g., a 

picture of a door paired with a leaf), and this two-layered distinction may make it easier for 

persons to discriminate between the target and the foil.  

Present Study 

As demonstrated through decades of research, it appears that distinctive processing 

theory facilitates recognition discrimination as unique features of items engage separate 

memory pathways that assist in successful retrieval for the target items. Furthermore, 

semantic interference may increase the level of difficulty as this evokes a competitive effect 

whereby increasingly similar items are more difficult to differentiate, and as such, may be 

more difficult for the examinee to successfully inhibit from selecting. However, this aspect 

has not been adequately explored in the context of PVT performance, particularly with a 

cognitively impaired sample. The aim of the experiment presented in this chapter is to 

ascertain if the nature of the semantic relationship between the target and foils impacts 

performance, through the examination of performance on a PVT under the conditions of full 

effort and the CAM. As the WMT offers the unique ability to explore the impact that the 

semantic relationship at the testing phase has on performance (as the word pairs presented at 

learning and target/foils presented at testing are all highly related), performance on the WMT 

will be contrasted with performance on a new version of the WMT that was created and 

administered to a group of healthy and clinical analogue (CAM) participants.  

A modified version of the WMT was designed to be administered exactly as the 

WMT, with the exception that in the FCR trial, the semantically related foil was replaced 
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with a word that was not semantically linked with the target word. For example, the foil 

‘PUPPY’ was replaced with a word similar in letter length to the original foil (e.g., 

‘CLOUD’), and unrelated to the target or any of the other target words to be learned.  

It has been found in the instance of word recognition trials that discrimination 

between two words is facilitated when word frequency decreases (i.e., novel vs. common 

words; Glanzer & Bowles, 1976; Gregg, 1976) and may potentially influence the 

distinctiveness between the target and the foil. In the current study, the unrelated foils were 

therefore simply chosen to be of similar frequency to the replaced foil 

(http://esl.about.com/library/vocabulary/bl1000_list_noun1.htm).  However, further analysis 

on word frequency effects on target-to-foil discrimination may yield promising results in the 

development of future FCR effort measures and should be explored.   

In accordance with previous CAM findings presented in this thesis, it was 

hypothesised that performance on both versions of the WMT employed will be adversely 

impacted by the increase in cognitive load in the CAM condition. Most importantly for the 

present chapter, it is further hypothesised that given the potential effects that the SIE may 

have on recognition performance, and that distinctiveness theory indicates potential target 

discrimination facilitation, performance on the semantically-unrelated WMT (WMT-SUR) 

will be better than on the semantically-related WMT (WMT- SR) for both control and CAM 

participants. It is also hypothesised that this effect will be greater for those for those in the 

CAM, compared to the control condition.  
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Method 

Participants 

51 people were recruited via an undergraduate psychology university website. 

Participants provided informed consent, filled out brief medical history questionnaires, and 

were compensated with class credit or $AU10 for travel expenses. Approval for this project 

was obtained from the University of Western Australia Human Ethics Research Committee. 

Participants completed demographic information (e.g., age and level of education, 

mood, and alcohol use levels, etc.) during the delay period of the PVTs.  Mood state was 

assessed with the Depression, Anxiety, and Stress Scale – 21 (DASS-21; Lovibond & 

Lovibond, 1995), alcohol use patterns were assessed using the Alcohol Use Disorders 

Identification Test (AUDIT, Reinert & Allen, 2002), and premorbid intelligence was 

estimated using the National Adult Reading Test-Revised (NART-R, Nelson and Willison, 

1991). No participant indicated they were previously diagnosed for major psychiatric 

illnesses, (e.g., schizophrenia) or being involved in any litigation. However, five participants 

were excluded as they indicated use of drugs that may affect memory performance in 5 days 

prior to testing, and one participant was excluded due to scoring within the severe or above 

range on the stress subset of the DASS. Participants also completed a brief post-experiment 

questionnaire regarding their understanding of what they were being asked to do 

experimental conditions (i.e., ‘I was asked to perform to the best of my abilities for all tests 

administered’), and whether they complied for all of the tasks. No participants were excluded 

for lack of compliance or understanding of the tasks, resulting in 45 remaining for analysis.  
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Measures and Procedures 

Development of the WMT-SUR was conducted in EPrime 2.0 software, and 

administered in the exact format as the computerised format of the original published WMT. 

To avoid aesthetic confounds (e.g., specific font differences, background colourings, etc.), the 

WMT was purchased, but rewritten within an EPrime program, complete with exact 

instructions and timings. Words (all nouns) for the WMT-SUR were chosen from an English 

Language database and matched with WMT-SR words in terms of rank of use in language, 

and length in letters (http://esl.about.com/library/vocabulary/bl1000_list_noun1.htm). All 

words were presented in black font on a white background, and presented in 24pt bold 

Verdana font (EPrime version). Each learning trial consisted of two successive lists of the 20 

word pairs, followed by an immediate assessment (Immediate Recall; IR).   

Words for the foils in each testing phase of the WMT-SUR were chosen so as to be 

unlikely to be semantically linked to the target as possible. For example, the foil word 

‘PUPPY’ formerly paired with the semantically linked target word ‘DOG’, was exchanged 

for the word ‘CLOUD’. Each of the two effort testing phases required new foils. 

Additionally, the new foil words also replaced their counterparts in the Multiple Choice (MC) 

test phase as well. The remaining MC foil words were presented as per the original WMT. 

All participants undertook the full versions of both PVTs. 

 Participants were asked to respond via keyboard selection, and similarly to 

instructions on the WMT, instructions as to key selection remained on the screen to remind 

participants of which keys to use. Feedback on each selection was also given, a green 

‘CORRECT’ for correct responses, and a red, ‘INCORRECT’ for wrong answer selections 

remained on the screen for 500ms.   
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To ensure each condition had comparable numbers, the ‘healthy comparison’ (HC; 

n=21) and Clinical Analog Methodology (CAM; n=24) groups were restrictively randomized 

into counterbalanced PVT order (all completed both PVTs), with participants alternating 

between WMT versions, as determined by the order of administration to the immediately 

preceding participant in that condition.  

All participants were instructed to perform all tasks to the best of their ability at the 

beginning of each PVT administered. CAM participants also completed the simultaneous 

auditory distraction task during the learning phase of each PVT as described in chapter 1. 

Examiners remained in the room for the duration of both PVTs for all participants so as to 

ensure adherence to the distraction task. Participants were not evaluated on distraction task 

performance, but were prompted if adding incorrectly or not answering consistently.  

Data Analysis 

As noted in previous chapters, results were non-normally distributed. There is no 

nonparametric equivalent for the required analyses and attempts at transformations did not 

adequately address non-normality.  However, ANOVA is generally resistant to deviations in 

normality with reasonable sample sizes and similar cell sizes (e.g., Howell, 2005) and 

planned nonparametric comparison analyses were conducted (e.g., Mann-Whitney tests on 

between group sub-analyses) and resulted in identical patterns.  Therefore, the parametric 

analyses are presented for ease of interpretation. Demographic details were analysed utilising 

one-way ANOVA to ascertain all group differences, except gender distribution, which was 

evaluated via Chi square analyses. As there was an overrepresentation of females in group 

composition, gender was added as a covariant in subsequent analysis.   

As the PVTs were administered in a counterbalanced order and administration order 

may have influenced performance, a 2x2x2 MANCOVA was conducted with test order 
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(WMT-SR 1st vs. WMT-SUR1st ) and group (CAM vs. HC) as the between-groups factors, and 

subtest (IR and DR of both PVTs) was the within-subjects factor. A subsequent 2x2 

MANCOVA analysis was conducted for the CAM with group (WMT-SR 1st vs. WMT-

SUR1st) as the between-groups factor, and subtest (the IR and DR of both PVTs) as the 

within-subjects factor.  

Results 

Groups were equivalent across age, education level, estimated pre-morbid intelligence, 

depression and anxiety levels (all ps >.10); however, there was a significant difference of 

gender among the conditions, with a higher proportion of females in the CAM group (Table 

1).  
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Table 1 

Demographic Information For Both The Healthy Comparison And Clinical Analogue 

Methodology Groups  

Demographic 

HC 

n=21 

CAM 

n=24 
F(1,44) 

p 

Gender (%Female)a 76 45    

Age 22.57(11.24)! 19.83(6.08) 1.07 .307  

Education (Years) 12.14(0.48) 12.17(0.48) 0.03 .869  

NART-R 111.62(4.68) 113.17(3.54) 1.58 .214  

AUDIT 5.00(3.88) 6.63(14.21) 0.23 .615  

DASSD 5.14(5.81) 5.00(5.50) 0.01 .933  

DASSA 4.48(4.90) 6.90(6.57) 1.95 .170  

DASSS 9.52(7.42) 13.33(8.08) 2.68 .109  

Note. Values represent Means (Standard Deviations), unless otherwise noted.  HC= Healthy 
Comparison; CAM= Clinical Analogue Methodology. AUDIT is Alcohol Use Disorders 
Identification Test adapted by Reinert & Allen, 2003; DASSD,A,S is the Depression Anxiety and 
Stress Scales- 21(Lovibond & Lovibond, 1995) and the NART-R is the National Adult Reading 
Test-Revised (Nelson & Willison, 1991).a χ2(1, n=45) = 5.00, p =.027, Cramer’s V=.33.  
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Table 2 

 Mean Performance In Percentages On The Effort Subtest Of Both The Word Memory Test 

And The Word Memory Test-Unrelated Version Across The Healthy Comparison And 

Clinical Analogue Methodology Groups.  

PVT and subtest HC CAM 

 n=21 n=24 

WMT-SR IR 99.88(0.54) 94.69(7.27) 

WMT-SR DR 99.65(0.90) 94.72(6.79) 

WMT-SUR IR 99.88(0.54) 92.91(9.80) 

WMT-SUR DR 99.65(0.90) 95.00(9.14) 

Note. Values represent Means and (Standard Deviations) unless otherwise noted. Scores 
represent the total proportion correct across both times the participant took each version of 
test. PVT=Performance Validity Test, HC=Healthy Comparison, CAM= Clinical Analogue 
Methodology, WMT-SR= Word Memory Test-Semantically Related (Green, 2003), WMT-
SUR= WMT, Semantically Un-Related , IR= Immediate Recall, DR= Delayed Recall.  
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 A repeated measures MANCOVA was performed with two between subjects factors 

of condition (HC vs CAM) and test order (WMT-SR 1st vs WMT-SUR 1st), with a within 

subjects factor of test score performance (WMT-SR vs WMT-SUR) and a within subjects 

factor of subtest (IR vs. DR), and gender as the covariate, and subsequent analyses indicated 

that the covariate factor of gender was nonsignificant for all relevant factors and conditions 

(all p’s > .10). Mean performance for all trials of the WMT-SR and WMT-SUR is presented 

in Table 2.  

 Using Pillai’s trace, there was a significant main effect of condition V=.26, F(2,39) = 

6.74, p <.001, η2
p=.26, whereby performance on the PVTs was adversely impacted by the 

distraction task for those in the CAM (see Table 2). However there was also a significant 

main effect of test order V=.30, F(2,41) = 8.42, p < .001, η2
p=.30, and an interaction effect of 

condition by test order V=.32, F(2,41) = 9.21, p < .001, η2
p=.32, suggesting that performance 

differed across the order in which the test was completed, and that performance was also 

negatively impacted by the CAM. The order by subtest examination also yielded trend-level 

significance V=.12, F(2,40) = 2.73, p = .077, η2
p=.12. 

 Due to the order x condition effects, and the trend level subtest by order effects, the 

results could not be interpreted together. As such, the data were split into two groups (WMT-

SR n= 12 and WMT-SUR n = 12) according to which test was administered first, and two 

MANCOVAs were conducted to explore the impact of condition (CAM vs HC) and#subtest 

(IR vs DR, within-subjects), comparing the WMT-SR and WMT-SUR tests (i.e., relatedness) 

on proportion correct recall.  

 

Results showed that for those participants that completed the WMT-SR first, there 

was a main effect of condition F(1,41) = 19.19, p = .000, η2
p= .32 whereby the CAM 

participants performed worse than those in the HC condition. All other main effects and 
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interactions were nonsignificant (all Fs <1).  

 A second repeated measures ANOVA to evaluate the hypotheses in the groups that 

were administered the WMT-SR version second also revealed a significant between subjects 

main effect of condition (CAM vs HC) F(1,41) = 4.73, p = .035, η2
p=.10.  Of note, the 

obtained effect size related to the CAM was smaller when participants had received prior 

experience of completing a recall/recognition test (either SR or SUR). There were no other 

significant effects (between or within-subjects, all Fs <1, η2
p= .004).  Therefore, while then 

first hypotheses (the effect of the CAM) was supported in both subgroups, the potential effect 

of semantic relatedness was not evident in any of the analyses and the final hypotheses were 

not supported.  

 Discussion 

Previous research has suggested that semantic relatedness of foils may affect recall 

performance, and Batt et al. (2008) suggested that the poorer performance on the WMT they 

found in their severe TBI sample may have been due to the highly semantically related 

targets and foils utilised in the test.  However, the effects of semantic relatedness had not 

been systematically evaluated in the context of PVTs before the present study. Two 

complementary theories provided the impetus to evaluate the potential influence of semantic 

relatedness in target foil pairs: semantic interference effect and distinctiveness theory. It was 

hypothesised that for those participants in the CAM, performance on the semantically 

unrelated WMT version (the WMT-SUR) would be higher when compared to performance 

on the semantically related WMT, as posited by the distinctiveness theory (Hunt, 2006), and 

the unrelatedness of the target and foil in the new version may facilitate target selection by 

reducing the semantic interference effect (de Zubicaray et al., 2001, Wehner et al., 2007). It 

was also hypothesised that performance on both types of PVTs administered would be 

adversely impacted for those in the CAM, as found in previously presented chapters. 
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 Results confirmed the CAM effect seen in previous chapters in that performance was 

adversely affected by the added distraction task. However, results failed to support the second 

hypothesis that performance would be significantly better on the semantically unrelated 

version of the WMT for either the distracted or non-distracted conditions.  

 Of note, there was an unexpected order effect of the within subject CAM 

manipulation that required splitting the data in to two groups, as participants took two 

versions of the same mPVT consecutively, where only the foils were modified, order effects 

were more likely to be present.  Nevertheless, each analysis was consistent in the lack of 

finding of a semantic relatedness effect. That is, separate analysis of the order of test 

administered (WMT-SR1st vs WMT-SUR1st) between the two conditions (CAM vs HC) to 

isolate the effects of the test order administration also showed a significant main effect of 

condition across both PVTs administered, however, there were no significant effects of either 

target-foil relatedness nor an interaction effect. While the current study was limited by 

relatively small sample sizes, and this was heightened by the need to split the sample, it is 

important to note that the null finding was consistent across both subsamples, and the 

obtained effect sizes for both the main effect of relatedness and the relatedness by condition 

interactions were small (all partial eta squares < .04) suggesting that even if an effect of 

relatedness were present the current study suggests that the size of the effect for this factor is 

minimal and unlikely to be of clinical significance. It should also be noted that, as seen in 

most PVT studies, the distribution of performance in the healthy, non-CAM sample produced 

very high ceiling effects (e.g., non-normal distribution). However, it was the findings 

obtained in the CAM condition (where more variable distributions were obtained) that were 

of primary interest in the present chapter.  In addition, supplementary individual between-

groups non-parametric analyses yielded an identical patterns of results.   
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 Interestingly, whilst performance on either the WMT-SR or the WMT-SUR by those 

in the distraction condition was not significantly different, performance on the original WMT 

was numerically higher for both the HC and CAM conditions, regardless of which PVT was 

administered first. That is, mean performance on the WMT-SR when given first for both HC 

and CAM conditions was 87.91 (SD=10.33), whereas WMT-SUR mean performance when 

given first was 86.04 (SD=13.46), thus further demonstrating the lack of expected effect as 

the direction of the nonsignificant effect was contrary to the hypothesis.  

Indeed, Craik and Lockhart (1972) theorised in their levels of processing (LOP) 

framework that the level of semantic and cognitive analysis, or elaboration, achieved a 

greater depth of encoding. In their theory, the stimulus is the catalyst for a series of semantic 

and cognitive engagement with all of the examinee’s previous experiences (e.g., images, 

stories, etc.) with that stimulus. It is this elaboration that is thought to facilitate recognition 

memory strength. Furthermore, a study by Dobbins et al. (1998) found that when participants 

were asked to elaborate on a presented word in two different domains or characteristics (i.e., 

living/nonliving judgement of each word, followed by pleasant/unpleasant judgment of the 

same words), this facilitated recognition for those words when compared to thinking about 

the word in a single domain (i.e., living/non-living both times), as the different types of 

judgements of the words elicited a deeper elaboration. As such, it may be that the lack of 

effect here was due to the presentation of two semantically related word pairs at the same 

time as in the WMT facilitates a deeper elaboration in that the participant may think about 

those words firstly as an individual word, and then secondly as part of a pair (e.g., ‘DOG’ and 

‘CAT’ as individual concepts, as well as an individual concept ‘DOG-CAT’ as they are 

commonly referenced together). Similarly, words in the MSVT are common compound 

words (e.g., ‘BASKET’ and ‘BALL’), and the related pictures in the NVMSVT are also 

commonly seen together (e.g., a picture of a baseball and catchers’ mitt).  
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Moreover, a study by Tulving (1984) showed that in a forced-choice recognition test 

of scenery, participants were more accurate when the target and foil were similar in nature 

than when they were different, however, that accuracy may have been at the expense of 

confidence in their recognition of the target. Tulving suggested that this divergence from the 

inverse-relationship theory (Kintsch, 1970; Shepard & Podgorny, 1978) was the result of the 

similarly linked photos referring to one memory trace, whilst the dissimilar target and foil 

were matched to two different traces, and as such, since only one trace would have been 

elicited with the similar photos, this made retrieval easier.  

However, as there were no significant differences between the WMT-SR and the 

WMT-SUR under conditions of increased cognitive load, it may be that the semantic 

relationship between target and foil is not likely to be a primary determining FCR component 

that significantly affects performance. That is, distinctive differences between the targets and 

foils do not appear to be ‘powerful’ moderators of recognition (p. 221; Kintsch, 1970) in the 

FCR methodology. While replication of the current study in a significantly impaired clinical 

sample is needed, semantic relatedness does not appear to be a promising candidate to 

explain the significant discrepancy in WMT vs TOMM performance amongst Batt et al.’s 

severely impaired sample, as the semantic relatedness of the WMT’s target and foils did not 

appear to affect FCR performance in the clinical analogue group. The following chapter will 

address another possible cognitive characteristic domain that may influence performance in 

FCR PVTs; test administration methodology.   
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Chapter 5. Learning Opportunities and the Test-Effect 

As reviewed in the Introduction Chapter, a number of neurocognitive mechanisms 

used in the development of current PVTs may influence the amount of cognitive ability 

required to successfully complete any given PVT. Therefore, the divergence in classification 

accuracy across PVTs may be due to differences in the specific characteristics of each PVT 

with regard to one or more of these cognitive mechanisms (e.g., picture superiority effect 

(Paivio, 1991), semantic interference effect, etc.).  Results from the preceding chapters 

indicate that the semantic relationship between the target and foil in the recognition trial may 

not be a substantial contributor to PVT difficulty, but that the modality of the target stimuli 

(particularly whether picture or word) holds some initial promise in this regard. However, 

other possible cognitive factors as suggested by the relevant literature, such as order of test 

administration, and whether one is allowed to benefit from the “test effect”, have yet to be 

evaluated.   The aim of the current chapter is to evaluate the effect of differing learning 

characteristics on PVT performance in healthy and clinical analogue (CAM) groups.  

 Whilst research in the identification of behavioural (Pastötter, Schicker, 

Neidernhuber & Bäuml, 2011; Shepard, 1967; Standing, 1973; Standing et al., 1970) and 

neurological (Rutishauser, Mamelak & Schuman, 2006; Sevostianov, et al., 2002) 

mechanisms involved in the recognition of novel stimuli suggests that a single viewing of the 

stimulus may be sufficient for recognition, memory research also suggests that the 

recognition process may benefit from multiple opportunities for encoding stimuli. Indeed, a 

long-standing assumption has been that learning occurs while people study and subsequently 

encode material and, as such, if the frequency of study increases (e.g., the number of times an 

examinee is shown the materials) so too should the rate of learning (Karpicke & Roediger, 

2008). Conversely, it was assumed the testing of the encoded stimuli was a relatively neutral 



 

 97 

event with regard to improving recall (Karpicke & Roediger, 2008). That is, testing of the 

learned materials was not thought to facilitate any further learning; rather, it merely 

represented the recall of what had been encoded thus far. This retrieval process at testing was 

not considered to benefit subsequent recall (i.e., a learning opportunity). 

However, the literature has presented a more complex picture of the benefits of 

multiple stimulus presentation either via repeated study phases or with repeated testing 

phases. Hogan and Kintsch (1971) found that when participants were shown words 

repeatedly (e.g., three study phases with one test) compared with participants who were tested 

on the words repeatedly (e.g., one study phase and three test phases), both greatly facilitated 

free-recall recollection after 48 hours. However, long-term recognition performance was 

higher for participants given multiple study trials compared to those given a single study with 

multiple tests. Similarly, Kausler and Yadrick (1977) showed participants items in either 1, 2, 

or 4 learning phases, and found that as the number of learning exposures to stimuli increased, 

so too did accuracy for old/new discrimination for those studied items, which were presented 

one at a time (i.e., a ‘yes/no’ recognition task). These findings support the benefit of multiple 

learning trials. 

The Test-Effect 

However, other research has suggested that, perhaps more integral to the facilitation 

of encoding and subsequent retrieval, is what is known as the ‘test-effect’. Simply stated, the 

test-effect asserts that successful retrieval of the target stimuli upon testing at various 

intervals improves long-term retention when compared to multiple restudy phases alone 

(Karpicke & Roediger, 2008). For example, in an experiment that manipulated both number 

of times a study list was shown (once or twice), and the number of times participants were 

additionally tested on the study list beyond the original test phase (zero, once, or twice), the 
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single-item recognition (i.e., ‘yes/no’ recognition) accuracy increased as the number of 

testing trials increased compared to the number of study-only phases (Newby, 1979).  

More recently, a study by Karpicke and Roediger (2008) sought to confirm the effects 

on learning and memory of both repeated study and repeated testing. Their results showed 

that repeated testing was the critical factor in the retention of long-term memory (when tested 

one week later), when compared to single-retest and multiple restudy phases (approximately 

80% accurate recall compared to approximately 30% recall accuracy, respectively). 

Interestingly, this test-effect was present even when items were dropped from subsequent 

tests after earlier successful test recall (Karpicke & Roediger, 2008).  

 Eriksson, Kalpouzos & Nyberg (2011) looked at the brain activity associated with the 

test-effect with fMRI (functional magnetic resonance image) at an immediate assessment (a 

cued recall task), one week, and 5 months post-study. Results indicated that repeated 

successful retrieval (at least 80% correct) during the memory acquisition phase lead to higher 

brain activity in the anterior cingulate cortex (ACC) at subsequent testing. Whilst the ACC 

region is generally accepted to be involved in cognitive control mechanisms that monitor 

error/conflict (e.g., Bush, Luu & Posner, 2000), results obtained by Eriksson et al. found that 

the activity in the ACC increased as a function of retrieval and this retrieval correlated with 

improved performance at the more delayed recall trials, thus indicating the decreased need for 

error monitoring (p.39). Furthermore, activity in the prefrontal cortex (PFC; Corbetta & 

Shulman, 2002) also decreased as the test-effect increased over time, suggesting that the 

multiple testing lead to consolidation of the learned materials as fewer cognitive control 

mechanisms were needed to correctly identify previously learned (through multiple testing 

trials) materials (Eriksson et al., 2011).    

Whilst these results demonstrate the benefits of multiple testing on recollection 
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memory and yes/no recognition memory, it has not been fully evaluated in the PVT literature, 

or indeed, in a clinical sample. As mentioned, whilst only a single viewing may facilitate 

recognition on its own, the recognition memory system may also benefit from both repeated 

encoding sessions through both restudy and perhaps to a larger extent, multiple testing.  This 

has implications for the design of PVTs, where measures may or may not allow the 

opportunity for practice and unassessed testing trials.    

Many of the PVTs in contemporary use offer multiple opportunities to learn the test 

items and/or administration procedures. For example, the TOMM provides a brief sample 

trial of two drawings shown and then tested, followed by a complete unassessed learning and 

test phase (Trial 1; as mentioned earlier, the examinee is naïve to the fact that this Trial is 

unassessed). The second learning and test trial (Trial 2) is the only one used for classification 

purposes (c.f. Bauer, O’Bryant, Lynch, McCaffrey, Fisher, 2007; classification on Trial 1), 

unless the optional Retention Trial is employed in the event the examinee fails both Trial 1 

and 2, or at the discretion of the examiner (Tombaugh, 1997). This type of psychometric 

application may be beneficial to the examinee (i.e., only considering performance on the trial 

after two learning trials augmented by the potential benefit of the test-effect). Indeed, the 

TOMM studies listed in the Introduction Chapter indicate a mean specificity of 85.52 (SD= 

17.18, 95% CI: 77.12 – 93.9). Conversely, the WMT, MSVT, and NVMSVT present all of 

the stimulus items twice, followed by an immediate assessment, and performance on this trial 

(without benefit of the test-effect) is used for classification purposes.  This is then followed 

by a delayed testing phase. Importantly, there is an internally generated consistency score 

(CNS). If an examinee is not consistent between the immediate and delayed trials (e.g., one 

with, and one without the benefit of the test-effect), they produce a low CNS score, despite 

potentially putting forth optimal effort.  As all three scores are utilised for classification 

purposes, the examinee may be penalised for ‘learning’ from their mistakes (as feedback is 
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given). Mean specificity for PVTs employing this type of administration and scoring is much 

lower: 67.83 (SD=27.30), across the sample of studies compared with other PVTs that do not 

include this approach.  

Of note, there have been recent attempts at attenuating this scoring discrepancy by 

using only the first trials of each PVT (WMT and TOMM together; Bauer et al., 2007), 

and/or development of a consistency score for the TOMM similar to the WMT (Davis, Wall, 

Whitney, 2012; Gunner, Miele, Lynch, McCaffrey, 2012). However, as yet, no empirical 

evaluations have been conducted that specifically explore the test-effect in these PVTs. 

Understanding the differences that the impact of any test-effect benefit or scoring asymmetry 

may have on classification accuracy across all PVTs is important for clinicians to understand 

as the number of assessments, time and costs associated with evaluations may instigate a 

practice of brevity over efficacy. If PVTs were psychometrically similar in terms of the 

number of learning trials and recall tests (and subsequently, opportunity to benefit from the 

test-effect), it would be reasonable to then determine that any differences in classification 

accuracy would be due to effort of the examinee (assuming all other factors were equal). 

 However, as the current recommendations regarding the classification of insufficient 

effort on the TOMM include an entire unassessed testing phase, it may be that the examinee 

is getting the full benefit of the test-effect (regardless of their knowledge of the fact that the 

T1 is not used), whereas the individual being assessed via the WMT and other similar PVTs 

would not have the same benefit, as their assessment would include a test without the 

advantage of a test-effect.   

Present Study 

It is the aim of the experiment in this chapter to determine if the administration 

methodology instantiated in each PVT, specifically the number of learning trials and recall 
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tests, influences subsequent recognition performance and, most importantly, subsequent 

classification accuracy. As such, two modified computerised versions of the TOMM and 

WMT were created (mTOMM, and mWMT) to allow for the manipulation of the 

characteristics of the test administration. Participants were evaluated on performance across 

the mWMT and the mTOMM under conditions of full effort or full effort with CAM and, 

further, each test was administered under its validated test manual-administration (i.e., 

administration was as published recommendations) and scoring/classification procedures: 1) 

mTOMM with TOMM administration procedures (mTOMM-TOMM) such that there is a 

presentation of test stimuli followed by an unassessed recognition trial (and potential to 

benefit from the test-effect) and a second learning trial with an assessed recognition trial and 

no consistency index, 2) mWMT with WMT administration procedures (mWMT-WMT) such 

that there are two sequential presentations of test stimuli followed by an assessed immediate 

recognition trial (and no opportunity to benefit from the test-effect for this trial), a delay, then 

an assessed delayed recognition trial and a consistency index. In addition, each test was 

administered under the test procedures of the other PVT (i.e., non-congruent test 

administration): 3) mTOMM with WMT procedures (mTOMM-WMT), and 4) mWMT with 

TOMM administration procedures (mWMT-TOMM). Individual trial scores, as well as the 

classification accuracy obtained using the relevant PVT classification guidelines will be 

analysed.   

Level of Performance Hypotheses. As indicated in previous chapters, it was 

hypothesised that performance across both PVTs would be adversely impacted by the 

distraction condition. Secondly, it was hypothesised that performance for those in the 

distraction condition (CAM) on the first test trial (T1) for both the mWMT and mTOMM 

would be better for the participants that were allocated to the WMT administration paradigm 

group.  That is, the distracted individuals with the WMT administration would perform better 
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on T1 for both PVTs compared with the T1 under the TOMM administration. This is because 

WMT administration examinees will have two successive exposures to the stimuli prior to 

testing, whereas the TOMM administration paradigm allows for only one exposure to the 

stimuli prior to the T1.   

However, as both the WMT and TOMM administration paradigms are equal in terms 

of total number of stimuli exposures and opportunity for benefit of the test effect when T2 is 

administered, it was hypothesised that there would be no difference in the scores on T2 

between the two administration types across both PVTs for those in the CAM.   

Classification Accuracy Hypotheses. Most importantly, it was hypothesised that the 

classification accuracy of each PVT would vary based on administration type due to the 

WMT classification procedures’ consideration of T1, T2 and the consistency between the 

two.  That is, while greater improvement from T1 to T2 is expected under the TOMM 

administration - perhaps producing greater levels of inconsistency between the subtests – this 

was not expected to influence classification accuracy for the TOMM, as the TOMM 

procedures do not consider T1 or consistency.   First, it was expected that the mTOMM 

administered as the TOMM would have greater specificity when compared with the mWMT 

administered as the WMT (i.e., PVT and administration congruency) as previously 

demonstrated throughout this thesis as well as other studies. Second, it was expected that the 

mWMT would produce fewer false positive classifications with the (noncongruent) TOMM 

administration and scoring paradigm as compared to the (congruent) WMT administration 

and scoring procedures. Third, it was expected that the mTOMM would produce fewer false 

positive errors when administered with its congruent procedures compared with 

(noncongruent) WMT administration procedures.  That is, that TOMM administration and 

scoring procedures would produce better specificity regardless of mPVT.  Finally, it was 

hypothesized that the mWMT administered as the TOMM would have better classification 
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accuracy when compared to the mTOMM administered as the WMT. That is, that the 

direction of the previous findings in this thesis and other studies indicative of lower 

specificity of the WMT compared with the TOMM in impaired groups would be reversed 

when the administration and scoring classification procedures of the other PVT were applied.  

Method 

Participants  

One hundred people were recruited via an undergraduate psychology course, 

University website, or approved flyers distributed around campus. Participants included both 

university and general community members. Participants provided informed consent, filled 

out brief health and TBI experience questionnaires, and were either compensated with class 

credit or $AU10 for time and travel expenses. Approval for this project was obtained from 

the University of Western Australia Human Ethics Research Committee.  

Participants were excluded if they indicated prior neuropsychologically relevant 

medical diagnosis, (n=4), psychoactive drug use within five days prior to the testing (n=6), or 

indicated a loss of consciousness (LOC) of greater than 30 minutes (none). One participant 

was also excluded as their score on the DASS–Stress measure indicated they may have been 

experiencing severe clinical levels of stress. All participants denied being involved in any 

litigation, and no participants were excluded for lack of compliance or understanding of the 

tasks.  

All groups were equivalent across age, education level, estimated pre-morbid 

intelligence, depression and anxiety levels (all ps >.10; Table 1). Chi square analysis revealed 

there was no significant difference in group gender composition (p >.10).  
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Table 1  

Participant Demographic Information By Group And Condition   

 

Demographic 

HC 

mTOMM 

n=25 

CAM 

mTOMM 

n=21 

HC 

mWMT 

n=22 

CAM 

mWMT 

n=21 F(3,88)  p 

Gender 
(%Female)a 76 45 68 50   

Age 19.80(6.79) 18.43(1.08) 21.45(9.27) 19.05(2.11) 1.06 .370 

Education 
(Years) 12.92(.70) 13.38(.81) 13.41(.85) 13.25(0.62) 1.91 .134 

NART-R 112.60(5.57) 114.24(5.00) 114.55(3.98) 114.10(5.74) < 1 .609 

AUDIT 5.76(4.52) 7.52(4.72) 6.68(3.73) 6.35(5.08) < 1 .618 

DASSD 6.56(7.15) 6.00(6.72) 8.09(7.02) 8.40(8.42) < 1 .607 

DASSA 7.04(6.41) 4.95(4.84) 5.00(4.97) 7.30(5.24) 1.28 .285 

DASSS 12.08(7.45) 9.90(8.20) 11.18(8.09) 11.80(8.10) < 1 .734 

Note. Values represent Means (Standard Deviations), unless otherwise noted.  HC= Healthy 
Comparison; CAM=Clinical Analogue Methodology. mTOMM= modified Test of Memory 
Malingering (Tombaugh, 1997); mWMT= modified Word Memory Test (Green, 2003). AUDIT 
is Alcohol Use Disorders Identification Test adapted by Reinert & Allen, 2003; DASSD,A,S is the 
Depression Anxiety and Stress Scales- 21(Lovibond & Lovibond, 1995) and the NART is the 
National Adult Reading Test-Revised (Nelson & Willison, 1991).a χ2(3, n=89) = 6.07, p =.108.  
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Materials and Procedures 

 A pool of 180 pictures was chosen from an online database (Szekely et al., 2004) for 

the picture memory task, as for the experiment in Chapter 2. All pictures were black line 

drawings of everyday objects, each measuring 300 x 300 pixels. Ninety of the pictures 

represented objects that were also included in the TOMM, with the other 90 matched to these 

pictures on name agreement and frequency in the English language. Pictures were presented 

one at a time, for 3000ms each as instructed by the TOMM manual, with a 500ms blank 

screen between each stimulus.  

To manipulate the administration of the test order, the WMT was purchased as an 

assessment, however, rewritten as a LiveCode program, complete with exact instructions and 

timings. All words were presented in black font on a white background, and presented in 24pt 

bold Verdana font (LiveCode version) for 3000ms each. An additional ‘sample’ test of 2 

words was also created using common, semantically related words, as well as semantically 

related foils for the sample test phases.  Test order was administered in a counterbalanced 

order, and to ensure roughly equal numbers in each group, participants were restrictively 

randomised into one of four groups; the first group received testing and instructions for the 

mTOMM (e.g., the mTOMM first as TOMM administered sample trial followed by a 

learning phase and test phase, followed by the second learning and test phases). This was 

then followed by the mWMT effort measures administered exactly as the TOMM, followed 

by the original WMT Multiple Choice (MC), Paired Associates (PA) and Free Recall (FR) 

subtests. The second group received the mWMT effort measures as the TOMM, followed by 

the mTOMM and WMT subtests. The third group received the mWMT in its original format 

(e.g., two sequential learning phases followed by an Immediate Recall (IR), and 30-minute 

Delayed Recall (DR), and subsequent subtests) followed by the mTOMM administered 
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exactly as the WMT effort measures. The fourth group received the mTOMM administered 

as the WMT, followed by the originally formatted mWMT.  

All participants were instructed to perform all tasks to the best of their ability at the 

beginning of each PVT administered. CAM participants also completed the simultaneous 

auditory distraction task during the learning phase of each PVT, as outlined in previous 

chapters.  

All participants completed demographic information (e.g., age and level of education) 

during the delay period prior to the WMT MC subtest administered.  Mood state was assessed 

with the Depression, Anxiety, and Stress Scale – 21 (DASS-21; Lovibond & Lovibond, 

1995), alcohol use patterns were assessed using the Alcohol Use Disorders Identification Test 

(AUDIT, Reinert & Allen, 2002), and premorbid intelligence was estimated using the 

National Adult Reading Test-Revised (NART-R, Nelson and Willison, 1991). Participants 

also completed a brief post-experiment questionnaire asking of they understood what was 

asked of them during the experiment, and if they complied with those instructions.  

Data analysis 

Due to the abnormality in the data distribution, nonparametric analyses were run 

where possible. As the equivalent parametric and nonparametric analysis showed identical 

patterns of results, the parametric were used for ease of interpretation. There is no 

nonparametric equivalent to MANOVA, and as ANOVA has shown robustness to deviations 

from normality it was used when required, with Pillai’s trace as it is considered the most 

robust (Howell, 2005).  Additionally, nonparametric equivalents for follow-up analyses for 

the MANOVA subgroups were used to confirm parametric post-hoc analyses with similar 

results (e.g., where interactions were found, Mann-Whitney analyses were used to directly 

contrast group differences).  A one-way ANOVA was run on all of the demographic 
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information, and as the scoring metric is not consistent between the raw mTOMM and 

mWMT trial measures, all scores were converted to percentages. Pearson’s correlations 

between the demographics and the variables of interest were also run (all ps>.10).  

Whilst the tests were administered in a counterbalanced order and all participants took 

both tests, three between groups comparisons of 2 (mWMT first vs. mTOMM first) x2 

(Healthy Comparison (HC) vs. CAM) x2 (WMT administration vs. TOMM administration) 

by a within-groups 2 repeated measures (Trial 1[T1] vs. Trial 2 [T2]) MANOVA was 

conducted, and results showed that the counterbalance precaution was effective (F < 1). Of 

note, the CNS measure was not included in the initial analysis, as the CNS is a composite 

measure. As the critical interaction of interest is the interaction of condition, administration 

type and subtest performance (Trial 1 (T1) vs. Trial 2 (T2)), a between groups 2 (HC vs. 

CAM) x 2 (WMT administration vs. TOMM administration) by within groups repeated 

measures 2 (T1 vs. T2) MANOVA was run to determine the effect condition and test 

administration type may have had on subtest performance.  

Furthermore, as the CAM is the group of interest, a subsequent 2 (Administration 

type, WMT vs. TOMM) x 2 (subtest, T1 vs. T2) MANOVA was conducted with data from 

participants who were in the CAM condition. Additionally, planned comparisons using 

independent t-tests were then run for each test type administration to determine if the 

administration manipulation impacted performance from T1 to T2.  

Finally, after pass/fail values were calculated according to each testing manual’s 

specifications, the classification accuracy differences were evaluated for each of the 

administration types via Chi Square. 
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Results 

Level of performance evaluation 

Results for the mean scores for each administration type, subtest and condition are 

shown in Table 2.  
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Table 2  

Mean Performance In Percentages Across Effort Measure Subtests On The Modified Word 
Memory Test And The Modified Test Of Memory Malingering By Type Of Administration And 
Condition  
 

Administration Type 

Test/Subtest HC 

M(SD) 

CAM 

M(SD) 

WMT    

                 Group n  22 21 

 mWMT1 98.30(3.12) 86.07(11.66)3 

 mWMT2 99.66(1.17) 92.98(8.68)4 

 mTOMM1 98.36(6.00) 78.57(14.37)5 

 mTOMM2 99.64(0.79) 95.81(5.17)6* 

TOMM    

                Group n  25 21 

 mWMT1 94.00(7.64) 78.57(14.34)3 

 mWMT2 99.90(0.50) 93.57(9.92)4 

 mTOMM1 98.48(2.02) 85.90(8.40)5 

 mTOMM2 99.92(0.04) 98.57(2.01)6* 

Note: Values represent Means (Standard Deviations), unless otherwise noted. HC=Healthy 
Comparison, CAM= Clinical Analogue Methodology. mWMT= modified Word Memory 
Test (Green, 2003); mTOMM=modified Test of Memory Malingering (Tombaugh, 
1997).1=Trial 1. 2= Trial 2. T-tests; t(40)3=-1.86, p= .071, d=.59.  4=0.21, p= .837, d=.07. 5 =-
1.40, p= .169, d=.32. 6*=2.28, p= .031, d=.72 
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Using Pillai’s trace, results of the MANOVA showed an omnibus main effect of 

condition V=.42, F(2,84)=30.00, p < .001, η2
p=.42, indicating there was a significant 

difference in performance between the HC and CAM and supporting the first hypothesis. 

Between subjects univariate analysis revealed a significant main effect of condition in both 

the mWMT, F(1,85)=38.40, p < .001, η2
p=.31, and mTOMM,  F(1,85)=46.20, p < .001, 

η2
p=.35, whereby performance on each PVT was adversely impacted by the distraction 

condition (mWMT-HC M= 97.96, SE=1.13 ; mWMT-CAM M=87.80, SE=1.19 and 

mTOMM–HC M=99.10, SE=0.65 ; mTOMM-CAM M=92.67, SE=0.69). There was no 

omnibus main effect of administration type (V=.03, F(2,84)=1.44, p=.243, η2
p=.03) for each 

between groups factor.  To evaluate Hypotheses 2 and 3, the three-way interaction of subtest 

by administration by condition was examined, and found to be significant, V=.07, F(2, 

84)=3.22, p< .05, η2
p=.07. As the hypotheses focuses on any effects the administration 

procedures may have with the CAM group- follow up analyses were conducted below.  

Follow-up between groups 2 (administration type) x 2 repeated measures (subtest, T1 

vs. T2) MANOVAs for each mPVT with just the CAM group revealed a significant main 

effect of subtest for both the mWMT F(1,40)=89.12 p < .001, η2
p=.69 and the mTOMM 

F(1,40)=34.21 p < .001, η2
p=.46, suggesting that for those in the CAM, within-subjects 

performance across the PVT subtests varied, regardless of administration procedures. 

However, no main effect of administration type for performance on the mWMT F(1,40) = 

1.10 p =.30, η2
p=.03, or the mTOMM, F<1 were found. 

Planned comparisons revealed that participants performed better on the second trial 

for each PVT (TOMM administration mWMT T1 vs T2, t(20)= -8.20, p= .000, d=1.21; 

mTOMM T1 vs T2, t(20)= -7.30, p < .001, d=2.01. For WMT administration mWMT T1 vs 

T2 t(20)=-4.86, p < .001, d=.67; mTOMM T1 vs T2, t(20)= -2.12, p < .001, d=.59). 

However, there was also an interaction effect of subtest by test administration type for the 



 

 111 

mWMT measures F(1,40) = 12.17 p=.001, η2
p=.23, and the mTOMM measures F(1,40)=5.47 

p=.024, η2
p=.12. Planned independent t-tests between the individual subtests for each 

administration type are displayed in Table 2.  Addressing Hypothesis 2 (that performance on 

T1 should be better for both PVTs in the WMT administration vs. the TOMM 

administration), there were no significant differences found for either test, but there was a 

trend level difference for T1 on the mWMT, suggesting that performance for this subtest was 

marginally higher with its congruent administration procedures.  With regard to Hypothesis 3 

(that T2 performance should not differ for either PVT across WMT vs. TOMM 

administrations), the expected nonsignificant difference was observed for the mWMT. 

Conversely, performance was significantly better on the mTOMM under its own specific 

administration type. In summary, Hypothesis 2 was partially supported by a trend level 

finding on the mWMT, but the effect was not seen in the mTOMM.  Similarly, Hypothesis 3 

(that T2 performance should not differ across administration type) was partially supported by 

nonsignificant findings for the mWMT but, unexpectedly, performance on T2 of the 

mTOMM was significantly higher under the congruent TOMM administration. 

Classification accuracy analyses 

 Classification rates for those in the CAM were established for each of the PVTs 

according to their normal respective administration and scoring paradigms in the context of 

the administration type in each of the conditions (see Table 3).  
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Table 3 

Classification accuracy for the Clinical Analogue Methodological condition for each 

administration and scoring paradigm 

 

 
WMT Administration 

n=21 

TOMM Administration 

n=21 

mWMT Pass (%) 12 (57.1) c,e 18 (85.7) a,b,c,f 

mWMT Fail (%) 9 (42.9) 3 (14.3) 

   

mTOMM Pass (%) 10 (47.6) d,f 21 (100) a,b,d,e 

mTOMM Fail (%) 11(52.4) 0 (0)  

Note. mWMT=  (modified)Word Memory Test (Green, 2003). mTOMM= (modified)Test of 
Memory Malingering (Tombaugh, 1997).  
Chi Square results; 
a = mWMT vs mTOMM within WMT administration type;,χ2(1, n=21) = .10, p=.76.  
b = mWMT vs mTOMM within TOMM administration type; χ2(1, n=21) = 1.43 p=.23 
c = mWMT across both administration types; χ2(1, n=21) = 2.92, p=.09 
d =mTOMM across both administration types; χ2(1, n=21) = 12.32 p < .001 
e = mWMT administered as the WMT vs mTOMM administered as the TOMM; χ2(1, n=21) 
= 9.05, p=.003  
f=mWMT administered as the TOMM vs mTOMM administered as the WMT: χ2(1, n=21) = 
5.25, p=.02.  
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 Classification accuracy for the mTOMM administered as the TOMM was excellent at 

100% specificity. That is, when the TOMM is administered as the TOMM and also scored as 

the TOMM, no participant failed the assessment. However, when mWMT is administered 

and scored as the WMT, the specificity was only 57.1%, with 9 of the 21 examinees failing to 

reach the required cut score, significantly worse than classification accuracy of the TOMM 

congruent condition.  This finding supports the first classification accuracy hypothesis.   

Evaluation of classification of the mWMT when administered and assessed as the 

TOMM revealed that specificity greatly increased to 85.7%; however, the difference in 

classification accuracy compared the congruent mWMT-WMT administration was at trend-

level significance, providing only limited support for the second classification accuracy 

hypothesis.  

Interestingly, when classification accuracy was evaluated for performance on the 

TOMM as administered as the WMT (i.e., the lowest of the T1, T2 and CNS scores), 

classification accuracy was significantly decreased from 100% with the congruent PVT x 

administration type (i.e., TOMM administered and assessed as the TOMM) to a low 47.6% 

(χ2(1, n = 21) = 14.90, p < .001).  This finding provides support for the third classification 

accuracy hypothesis.  Finally, classification accuracy obtained for each PVT under 

noncongruent administration procedures were compared and a significant reversal of the 

patterns observed with the WMT and the TOMM with congruent administration (i.e., TOMM 

producing better specificity as in hypothesis one) was found. Specifically, when the mWMT 

is administered with TOMM procedures, specificity (85.7%) was significantly better than the 

mTOMM administered with the WMT procedures (specificity = 47.6%).    

As it appeared that all CAM examinees significantly improved in performance from 

T1 to T2, misclassification may, potentially, be ameliorated by basing the decision rule on T2 

performance, regardless of other differences in test administration procedures. Therefore, 
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classification of the congruent mWMT under the WMT administration procedures was 

evaluated using only T2 scores with the recommended cut-scores. This analysis revealed that 

specificity improved from 57.1% to 76.2%, however, this was not a significant difference in 

improving classification accuracy, χ2(1, n = 21) = 0.96, p =.32. Conversely, recalling that 

classification was determined by performance at or below the recommended cut-score, an 

evaluation of the classification of performance that included the recommended cut-score (i.e., 

‘at or above’) on just the T2 as a passing score revealed this also improved the classification 

accuracy from 57.1% to an acceptable 90.5%, a significant improvement (χ2(1, n=21) = 4.34, 

p=.03). As such, it may be useful in clinical settings where changing the administration of the 

computer based WMT is impractical, that simply adjusting the second effort trial’s cut score 

to be included as a passing score may be of benefit.  

Post hoc analysis of the picture superiority effect 

Finally, inspection of Table 2 reveals a consistent pattern of performance across the 

PVTs, whereby performance on the picture based mTOMM appears to support the picture 

superiority effect (Paivio, 1991). In order to test this pattern, separate 2 (PVT type) x 2 

(administration type) ANOVAs were conducted for each trial (T1 and T2). For the first trial 

of each PVT, significant main effect of subtest was found F(1,40)=6.93 p=.012, η2
p=.15, 

whereby performance on the T1 of the mTOMM was better (M=88.14, SD= 10.47) when 

compared to the mWMT (M=82.32, SD= 13.47). There was also a significant main effect of 

administration type F(1,40) = 4.28 p =.045, η2
p =.10, whereby performance for those in the 

WMT administration (M=88.23, SE= 2.05) performed better when compared to those in the 

TOMM (M=82.24, SE= 2.05). However, there was no significant interaction found F<1. 

Conversely, the results of the second trial revealed a similar pattern of significant 

performance differences between the mTOMM (M=97.19, SD= 4.12) and mWMT (M=93.27, 

SD= 9.21) T2 subtests and also revealed a lack of interaction effect (F<1), however, there 
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was no main effect of administration type (F<1) (i.e., test-effect). The results of better 

performance with the pictorial-based stimuli (i.e., TOMM) in this study further supports 

findings reported in Chapter 3 of this thesis also demonstrating consistency for the picture 

superiority effect in the context of the PVT paradigm.  

Discussion 

Previous research indicates that delayed recall and recognition performance may 

benefit from multiple study opportunities as well as multiple testing (Karpicke & Roediger, 

2008). However, these findings have not directly been assessed within the context of the PVT 

literature.  As the WMT and the TOMM employ varied learning and testing opportunities, the 

aim of the current study was to evaluate the impact that such differences in the number of 

learning trials and the opportunity to benefit from the test effect may have on the level of 

performance on any effort indices, and more importantly, whether that would affect 

subsequent classification accuracy – specifically the specificity of each PVT in a clinical 

analogue (CAM) condition.  

It was firstly hypothesised that  - similar to previous findings in this thesis - the level 

of performance on the two exemplar PVTs administered would be adversely impacted by the 

distraction task, and results clearly indicate the CAM was effective here, as the distracted 

participants performed worse on both PVTs when compared to those in the non-distracted 

condition across both administration types. 

It was also hypothesised that the performance by the CAM group would be better at 

the first learning trial and testing (T1) for both PVTs in the WMT administration paradigm as 

the participants would have been shown the stimuli twice (compared to only a single 

presentation for the TOMM T1), and results partially supported this hypothesis. Marginally 

significant performance differences were found on the mWMT T1 between the WMT 
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administration type (M=86.07) and TOMM administration (M=78.57), and the lack of 

statistically significant findings may be due to the small sample size. There was no difference 

found for T1 score for the mTOMM.   

Results addressing level of performance Hypothesis 3 were also inconsistent across 

PVTs.  Specifically, it was hypothesized that consistent with test-effect theory, scores would 

not differ on either PVT’s second trial phase, as opportunity to benefit from the test-effect 

was equalised across both administration types across PVTs. That is, both the WMT and the 

TOMM administration types offer a total of four exposures through two study and two testing 

trials. Consistent with this hypothesis, a very similar performance was observed at the T2 

phase for the mWMT.  However, T2 performance on the mTOMM was significantly different 

across administration types, with the performance under congruent TOMM procedures better 

(M= 98.57) than that under WMT procedures (M= 95.81).  

The reason for better performance on the mTOMM under congruent administration 

procedures cannot be determined with certainty based on the present data.  However, it is 

interesting to note, that whilst both administration paradigms ultimately conclude with a total 

of 4 exposures to the stimuli including trial phases, the WMT procedures expose the stimuli 

in two successive learning trials before testing, while the TOMM procedures provides only 

one initial exposure, but provides an additional exposure after the first testing.  This could 

potentially enhance the benefits of the test-effect, particularly for visual stimuli, which 

additionally provide the enhanced recognition associated with the picture superiority effect.  

Further research would be needed to explore this possibility. 

While the results for the level of performance hypotheses were somewhat mixed, the 

pattern of findings for the classification accuracy analyses consistently supported the benefits 

of the TOMM administration compared with the WMT administration in reducing false 



 

 117 

positive errors.  Consistent with previous research both in this thesis and other published 

studies, results demonstrate the PVT-administration congruent paradigm for visual stimuli, in 

that classification accuracy of the TOMM administered as the TOMM was greater than the 

WMT administered as the WMT, as the test-effect and subsequent scoring paradigm provided 

in the TOMM administration resulted in fewer false positives. That is, tests that utilise a 

completely unassessed learning and testing trial for the elevation of performance (where one 

has the added benefit of the test-effect) reduces the amount of misclassification (Of note, 

whilst the T1 of the TOMM is unassessed, the participant is in fact naïve to this, and as such 

future studies may evaluate the importance of maintaining this standard).  

Consistent with the second classification hypothesis, results indicate that specificity 

significantly increased for the mWMT when the mWMT is administered and scored as the 

TOMM when compared to the mWMT administered as the WMT. However, the TOMM 

administered and scored as the WMT yielded poorer classification accuracy, indicating that 

the singular scoring paradigm offered by the TOMM is beneficial for classification accuracy 

whilst the multiple scoring (and evaluation of effort) indices utilised by the WMT appears to 

offer the examinee more opportunities to be misclassified.  

Interestingly, analysis of the mWMT administered as the TOMM and the mTOMM 

administered as the WMT (i.e., incongruent administration and scoring paradigms) yielded 

significantly different classification accuracy, whereby the mTOMM administered as the 

WMT yielded poorer classification accuracy rates when compared to the mWMT 

administered as the TOMM. Indeed, this reversal of classification accuracy by simply 

changing the administration and scoring paradigms brings the classification of the mWMT-

TOMM to an acceptable specificity rate (85.7%), whilst the mTOMM-WMT classification 

drops dramatically to an unacceptable 47.6% specificity, thus negating the picture superiority 

effect found in other chapters of this thesis. However, it should be noted that the 
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classification accuracy for the mTOMM was highest when administered and scored under its 

current recommended paradigm.  

As mentioned in the Introduction Chapter, a study by Kantner & Lindsay (2010) 

evaluated the effect that feedback has on SFC recognition memory performance and posited 

that whilst feedback mechanisms were of less importance when the ratio of targets to foils 

was roughly equal, feedback did facilitate better performance when the feedback was 

followed by a subsequent learning trial. As such, the TOMM administration affords such an 

opportunity, whereas the WMT does not, and this seems to be reflected in the performance 

and classification accuracy of each PVT at different administration paradigms. However, 

future research may consider the effect that feedback may have on performance in relation to 

the test-effect.      

Scoring Asymmetry  

As described in the previous section, the TOMM administration and scoring paradigm 

(e.g., typically only one score is actually utilised for the classification of effort) is quite 

different than the WMT (e.g., three scores are utilised of the classification of effort), recent 

research has attempted to attenuate this scoring asymmetry between the two PVTs. 

Greiffenstein, Greve, Bianchini and Baker (2008) argued that the dismissal of the TOMM in 

preference for the WMT (as advised in Boone, 2007) was misguided as their comparison of 

the results of the traditional scoring mechanisms of each PVT concluded that results were 

congruent with previously published research indicating higher failure rates for the WMT 

when compared with the TOMM. However, when they applied a more balanced approach to 

the assessments by directly comparing three WMT effort subtests and all three of the TOMM 

trials (including the optional Retention Trial [RT]), they found that classification accuracy 

was comparable between the two tests, with the notable exception of higher rates of failure on 
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the WMT for persons in the moderate-severe brain injured sample (Greiffenstein et al., 2008). 

Furthermore, more recent research as also attempted to ameliorate this scoring asymmetry 

paradigm by developing a CNS score for the TOMM via pairwise comparisons between T1 

and T2, T1 and the RT, and T2 and the RT (Davis, Wall & Whitney, 2012). Whilst results of 

the Davis et al. (2012) study suggested implementation of the three separate CNS scores 

would aid in increasing specificity amongst coached simulators, their methodological 

approach appeared to not particularly benefit overall classification accuracy. Additional 

evaluation of a CNS score for the TOMM was also established (i.e., the Albany Consistency 

Index, ACI; Gunner, Miele, Lynch & McCaffrey, 2013) looking at all three trials of the 

TOMM, however, the basis of the sub-optimal performance for the ACI  (and subsequent 

sensitivity rates achieved on the TOMM) was established based on sub-optimal performance 

on the WMT, and in light of the findings in this chapter on the impact that the actual test 

administration may have on classification accuracy, interpretation of the ACI warrants 

caution. Nevertheless, in an attempt to increase the mWMT’s specificity without changing 

the actual administration of the test, simply utilising the T2 for classification of effort (as is 

done with the TOMM) yielded non-significant difference in the overall classification of the 

mWMT when administered as the WMT. However, when the recommended cut-score is 

modified to be an inclusive measure rather than in its present context as an exclusive 

measure, specificity did dramatically and significantly increase from a low 57.1% to an 

acceptable 90.5%. 

 Important consideration must be given to the influence that the actual testing 

administration has on the subsequent classification of effort in a neuropsychological 

assessment. It has been demonstrated in this study that the test-effect afforded the participants 

in the TOMM administration paradigm improved performance, and that classification 

accuracy benefitted from this effect. It is especially important to consider the impact that the 
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test-effect has as there have been numerous, and somewhat successful attempts at 

establishing the classification of effort based on either the TOMM T1 alone (O’Bryant, 

Engle, Kliener, Vasterling & Black, 2007; Wisdom, Brown, Chen & Collins, 2012), or both 

the TOMM T1 and WMT IR together (Bauer et al., 2007). As there were significant 

differences in the performance at each of these indices (T1 for both the WMT and TOMM 

PVTs) across the different administration paradigms (both TOMM and WMT administration 

paradigms), clinicians utilising either of the above mentioned abbreviated effort indicators 

should also be cognisant of the impact that the number of exposures an examinee has prior to 

the testing may impact performance.  

 Results also show that in addition to the impact that the type of administration and 

scoring matrix has on a PVT, it appears that performance on the TOMM was at, or better, to 

the level of the WMT, regardless of administration type (see Table 2, and classification 

results in Table 3), as performance on either administration type of the mWMT did not 

achieve 100% specificity found by the mTOMM administered as the TOMM. That is, 

although the classification accuracy was improved for the mWMT when participants were 

afforded the benefit of the test-effect as with the administration and scoring of the TOMM, 

participants ostensibly still found the verbal nature of the stimuli to be slightly problematic. 

 Indeed, a post-hoc analysis revealed that, in concurrence with results found in 

previous chapters of this thesis, there does appear to be some evidence of the picture 

superiority effect, whereby performance on the pictorial-based stimuli of the TOMM was 

better when compared to the verbal-based WMT, however, the benefits of the picture 

superiority effect noted throughout this thesis appear to not be sufficient to overcome the 

administration procedures of the WMT. That is, results obtained in the study presented here 

demonstrates an important difference across PVTs in current practice as well as in future 

development, both stimuli type and scoring and administration seem to be one of the more 
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influential components of performance and of subsequent classification of performance. This 

notion will be further explored in the general discussion of this thesis.  
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Chapter 6- General Discussion; Summary, Integration and Future Directions 

 This chapter will provide a brief summary review of the aims and findings of the 

studies included in the present thesis before moving on to discuss suggested directions for 

future research specific to the development of the CAM approach and the implications for 

current PVT use, as well as and theory driven approaches to develop new PVTs.  In addition, 

the limitations of the present studies will be discussed. 

Rationale for the present research 

The establishment of objective cognitive effort levels being applied in a 

neuropsychological examination has often been evaluated by simultaneous forced-choice 

recognition tests, or other performance validity tests (PVTs). However, converging lines of 

recent research suggests that persons with significant cognitive deficits may be misidentified 

by these PVTs as supplying ‘inadequate’ effort.  Furthermore, the rates of misclassification 

appear to vary across individual PVTs, which themselves vary in a number of methodological 

attributes.   

 All PVTs in current practice have incorporated multiple components of well-

established cognitive processing paradigms. However, to date, there has been little systematic 

evaluation of the potential influence each of the separate neurocognitive processing 

components may have on the cognitive resources required to successfully complete a PVT. 

That is, construction and subsequent validation of current PVTs has not occurred with the 

specific PVT neurocognitive resource-demand characteristics as a potential confounding 

factor, particularly with regards to persons with significant cognitive deficits. Questions in 

this thesis were driven by both the inconsistent classification accuracy findings in the PVT 

literature-both across and within- freestanding SFC recognition PVTs, and by important 
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academic dialogue, and pertained to the evaluation of the methodological approaches of 

PVTs in current use.  

 The primary aim for this thesis is to begin the important work of bridging the 

neurocognitive processing literature to the established PVT literature, thereby corroborating 

the rationale for each processing component’s use in PVTs (i.e., each specific component 

requiring little to no cognitive effort by the examinee for successful completion). In addition, 

the thesis aimed to explore a novel methodological approach that may be utilised in the 

research setting to empirically test the neurocognitive processing components integral to 

existing and newly developing PVTs. This thesis first identified significant differences across 

current PVT methodologies, then reviewed the cognitive literature relevant to these 

differences, and identified three potential methodological aspects of PVT test construction 

that may influence cognitive resource demands.  These included 1) issues related to the 

cognitive processing of various stimuli modalities (e.g., pictures vs. words), 2) the 

relationship between the targets and foils in recognition recall tasks, and 3) the manner in 

which each test is administered and scored (e.g., use of unscored “practice” trials). 

Specifically, careful consideration of the learning and memory literature indicates that these 

important differences in test stimuli and administration characteristics may contribute to test 

performance, and the subsequent variable classification accuracy across PVTs (i.e., generally 

higher specificity for PVTs utilising pictures and numbers as test stimuli compared with 

verbal stimuli, etc.).  In order to assess the potential contribution that these three factors may 

have on the cognitive resources required to successfully complete any given PVT, and 

subsequent classification variability particularly for cognitively impaired individuals, a 

Clinical Analogue Methodology (CAM) was identified. 
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Summary of findings 

The first study of this thesis, outlined in Chapter 2, was designed to establish the 

potential use of the distraction task as a methodological approach to evaluate the constructs 

identified in the review portion of the thesis for potential impact on PVT performance. As 

previous research with varying levels of acquired brain injuries revealed that the addition of a 

distraction task did not significantly impact automatic memory processing (i.e., implicit 

memory tasks) when compared with healthy distracted controls (Schmitter-Edgecombe & 

Nissley, 2000; Watt, Shores, & Kinoshita, 1999), Batt et al. employed a simple addition 

distraction task during the learning phases of both the TOMM and WMT with a group of 

individuals with severe traumatic brain injury (TBI). They postulated that any performance 

difficulties on PVT performance would indicate that processing other than automatic would 

be required to avoid misclassification. In order to evaluate this approach in a healthy sample, 

an extension of the Batt et al. study to a cognitively healthier sample was completed. The 

results of the study presented in Chapter 2 with the samples of both cognitively healthy and 

individuals with mild-moderate TBI under the conditions of the distraction task appeared to 

approximate an experimental condition that ostensibly demonstrates a level of cognitive 

deficit often seen in clinical application. That is, whilst not directly comparable to a clinical 

sample, the CAM does impart varying degrees of cognitive load in cognitively healthy 

samples, reducing level of performance in a manner similar to the range of cognitive 

impairment seen in those with mild to moderate cognitive deficits. Results also replicate 

those found in the Batt et al. study as well as other studies whereby performance on the 

pictorial-based stimuli of the TOMM was superior to that of the verbally based WMT. The 

findings in Chapter 2 showed potential for experimental application, however, review of the 

cognitive literature pertaining to these findings indicated further evaluation of the distraction 

task itself was needed to rule out an alternate explanation for the findings related to TOMM 
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vs WMT performance, specifically, that the verbal nature of the distraction task may have 

differentially impaired performance on the verbally based WMT.  

The study presented in Chapter 3 was therefore designed to determine the effects that 

the modality (e.g., verbal vs. nonverbal) distraction task may have on the modality of the 

PVT stimuli (verbal vs. nonverbal) – that is, does the congruence of the distractor-PVT 

modalities (verbal with verbal) produce greater reduction of the PVT performance compared 

with noncongruent pairs (nonverbal with verbal)? Results further validate the initial task, as it 

was demonstrated that the modality of the distraction task used likely does not differentially 

impact performance reductions, thereby validating it’s use across PVTs utilising either 

verbal-based or image-based stimuli. However, as no study presented in this thesis utilised 

number based stimuli, future research should confirm that the numerical content of the CAM 

task does not differentially influence the SFC recognition of numbers in those PVTs with 

numerically based stimuli (e.g., PDRT, VSVT, etc.).  

Whilst studies presented in Chapters 2 and 3 also provide some initial evidence 

relevant to the potential influence of the first methodological aspect of the PVTs to be 

evaluated, specifically the nature of the stimuli via the picture superiority effect, they also 

provide important initial evidence for the validity of the CAM approach in simulating 

cognitively impaired performances on the exemplar PVTs. The study presented in Chapter 4 

focused on the verbally based PVT (i.e., the WMT) and was designed to evaluate the 

potential impact that the semantic relatedness of the target and the foil may have on WMT 

performance, as the neurocognitive literature indicated that some individuals may have 

difficulty distinguishing the target between highly related targets and foils in the verbally 

based trial phases. That is, some examinees may experience a semantic interference effect 

(SIE; de Zubicaray et al, 2001) with the highly related targets and foils, and also may benefit 

from distinctiveness theory (Hunt, 2006) if the targets and foils were semantically unrelated. 
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 Results obtained in Chapter 4 did not support either the SIE or distinctiveness 

theories, as the CAM participants’ performance in the semantically related condition did not 

appear to experience effects of the semantic interference effect, nor did those in the 

semantically unrelated condition particularly benefit from targets and foils being more 

distinct from each other. These findings contribute to the current literature in that, in so far as 

SFC methodology is concerned in the context of PVTs; the relatedness of the target to the foil 

is likely not an impactful component. However, as previous research has also suggested 

relatedness is beneficial in picture-based stimuli under SFC recognition tasks (e.g., Tulving, 

1984), future research should explore this potential influencing factor. Thereby having 

evaluated the potential impact that the particular cognitive processing theory instantiated in 

the construction of the WMT, the next processing theory to be examined, the administration 

and scoring components, was undertaken with the complex study carried out in Chapter 5.   

Whilst much of the previous studies carried out both in the PVT literature, and the 

studies presented throughout this thesis support the primary methodological approach of 

varying test stimuli to be an influential component (i.e., the picture superiority effect), the 

study outlined in Chapter 5 was designed to evaluate the third identified methodological 

characteristic; both the test administration and subsequent scoring paradigms found across the 

exemplar PVTs and, their potential impact amongst impaired individuals. Further 

deconstruction of the WMT and the TOMM revealed significant administration and scoring 

paradigm differences, and manipulation of the administration paradigms for both the WMT 

and the TOMM showed that under their published, recommended administrations, each type 

of PVT fared the best at the first trial point of their respective administrations for persons 

with potential cognitive limitations. That is, performance on the verbal-based WMT at trial 

one was better under it’s own administration (admin and PVT congruent condition) when 

compared to the picture-based TOMM under the WMT administration at trial one (admin and 
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PVT noncongruent condition), when both sets of stimuli were shown twice and tested once. 

Similarly, the administration at the first trial point of each stimuli type under the TOMM 

administration (targets shown once and an immediate assessment) appears to benefit the 

picture-based stimuli when compared to the verbal-based.  However, as expected, 

performance across both stimuli modalities increased, and nearly equalized, at the second 

trial phase under both administration types, as the total number of exposures to the stimuli is 

equal across both administration types, with performance again slightly higher for the 

pictorially based stimulus.   

However, when performance was then put in the context of the scoring matrices of 

either administration, results showed that for those under conditions of increased cognitive 

load, the TOMM scoring methodology was superior to that of the WMT scoring matrices for 

avoiding misclassification of effort. That is, the TOMM scoring administration allowed for 

the benefit of the test-effect (Karpike & Roediger, 2008) with it’s unassessed learning and 

test phase, whilst the scoring paradigm of the WMT resulted in unacceptable specificity for 

both types of PVT stimuli. Results showed that overall net performance when measured at the 

second trial point, and only the second trial point (as done with the TOMM scoring paradigm) 

greatly improves the specificity of each PVT. That is, the administration and scoring of the 

TOMM paradigm whereby examinees are given an unassessed learning and trial phase, 

potentially cognitively impaired examinees are able to fully benefit from the test-effect. 

Conversely, the ‘impaired’ examinee does not have the benefit of the test-effect under the 

administration and scoring paradigm of the WMT, as the very first trial is utilised in the 

classification of effort (along with two other considered scores, and thus, three potential fail 

points), and indeed, mean performance at the first trial point of both stimuli types under the 

WMT administration and scoring type suggest few examinees reach each PVTs respective 

cut-score. 
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Implications for the CAM 

 Cognitive load theory provides a framework with which we can systematically 

evaluate the above-mentioned differences. Originally introduced to the PVT literature as a 

methodological approach to evaluate the level of effort required to ‘pass’ certain PVTs, the 

CAM has demonstrated important empirical utility throughout this thesis. Specifically, 

implementation of the Batt et al. (2008) or other CAM (i.e., cognitive load) approach would 

allow researchers to vary the components of the SFC methodology and evaluate the results in 

an analogue clinical group, similarly to what is currently applied in the evaluation of PVT 

sensitivity values with simulated malingering scenarios. Indeed, the CAM presented here, 

particularly after ruling out the modality specific effects in Chapter 3, allowed for the 

systematic evaluation of the cognitive processing components identified in the Introduction 

Chapter, and, also showed identical patterns of performance on the exemplar PVTs across all 

studies presented here. Of note, in the final stages of preparing this thesis, Barhon, Batchelor, 

Meares, Chekaluk and Shores (in press) reported similar success in using a dual task 

paradigm to simulate cognitive impairment in healthy adults, further supporting the potential 

utility of this approach.  

 Whilst performance on simultaneous forced-choice recognition tasks by those in the 

CAM conditions is not at the level of severe, ‘clinically obvious’ impairment (e.g., Batt et al., 

(2008), p. 1076), but rather at a somewhat lesser level, research utilising the CAM may also 

potentially offer clinical utility as well, as performance by those individuals in the CAM can 

provide a theoretical understanding of ‘impaired’ performance (e.g., establishment and 

interpretation of cut-scores, etc.). Whilst the CAM approach has not been specifically 

evaluated as a precise, clinically equivalent measure, future research should be conducted to 

evaluate this dual-task as well as other tasks presented in the cognitive-load theory literature 

as potential CAM approaches of varying levels to evaluate constructs in current and 
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developing PVTs of SFC recognition-design.  Indeed, in an unpublished manuscript, Walker 

and Shores (2007) implemented two versions of the CAM task, each with varying degrees of 

difficulty, intentioned to create varying levels of cognitive impairment, and future research 

should extend that and the exploration here, in an effort to obtain greater empirical efficacy 

and utility. 

Implications for current PVTs in use 

 Performance validity measures contrast on a variety of methodological characteristics, 

some of which appear to have implications for the amount of cognitive capacity required for 

successful completion, particularly for impaired individuals.  Results across the studies 

presented throughout this thesis highlight two such characteristics; the stimulus employed 

(i.e., picture superiority effect) and the scoring paradigm (i.e., test-effect). Therefore, PVTs 

with these characteristics (stimuli other than pictures and/or no benefit of the test effect) must 

be used and interpreted with caution in impaired individuals, and the use of alternate cut-

scores and decision-making rules are needed.  

For example, as the CAM provided an opportunity to explore the influence that a 

PVTs administration may have on classification accuracy, it also provided an avenue to 

explore the recommended cut-score of the WMT. The WMT administration paradigm under 

the CAM condition has yielded unsatisfactory classification accuracy throughout this thesis, 

and indeed other published studies. However, when the cut-score was an inclusive measure, 

rather than it’s current exclusionary criteria (i.e., classifying optimal performance ‘at or 

above’ directive compared to the simple ‘above’ the noted cut-score), the classification 

accuracy dramatically improved to those currently enjoyed by the TOMM. Future research 

may include exploration of other administration and scoring paradigms in current PVT use, 

such as the implementation of time delays, or immediate assessment after every item shown, 
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and importantly, understanding of the benefits of the test-effect may enhance the 

development of new PVTs.   

Implications for development of future PVTs 

In addition to evaluating the factors identified in this thesis, the CAM approach would 

facilitate the synergy between PVTs and the larger neurocognitive literature. Specifically, the 

CAM can be employed to evaluate components and interactions of these components in the 

construction and development of new freestanding and embedded PVTs. For example, use of 

procedures that facilitate deeper processing of target words (e.g., asking participants 

questions that engage semantic processing) can enhance learning and potentially overcome 

the advantage seen for pictorial stimuli (e.g., Craik and Tulving, 1975; Glanzer & Bowles, 

1976; Hoshino, 1991; Gregg, 1976), whilst still maintaining the face validity of the PVT as a 

memory measure.  

Additionally, the analysis of patterns of performance typically seen in the learning 

process may be useful in the creation of new PVTs.  For example, primacy and recency 

effects create a U-shaped curve in recall performance known as the serial position effect, 

which is seen across healthy individuals of all ages (Carlesimo, Sabbadini, Fadda & 

Caltagirone, 1997), and has shown some initial promise as a performance validity indicator 

(Bernard, 1991).  Similarly, another phenomenon commonly understood in the 

neurocognitive literature that may be useful as a performance validity indicator is the 

“temporal grouping effect” seen, for example, when a six-item auditory list is explicitly 

grouped by inserting an extended temporal pause between the third and fourth items (e.g. 

ABC-DEF), resulting in improved recall accuracy compared to ungrouped lists (e.g. 

ABCDEF) (Maybery, Parmentier & Jones, 2002). Utilization of the CAM to evaluate these 

and other neurocognitive processing theories are exciting possibilities for much needed future 

PVT development.    
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Directions for future research 

 Certainly, almost all commonly used PVTs vary on multiple relevant neurocognitive 

constructs, and without systematically controlling for other relevant characteristics found 

across other PVTs in current practice, these conclusions remain tentative.  Of note, though, 

the importance of considering these factors is not a new observation (e.g., Bigler, 2012; 

Rudman et al., 2011), and PVTs with methodologies that require greater cognitive resources 

have generally been adapted in the validation process (e.g., use of lower cut-off values for 

some word-based, compared to picture-based PVTs), or after (e.g., development of the 

“dementia profile” for PVTs that have the advantage of FCR plus memory measures with a 

known gradient of difficulty).  Importantly, however, the specific contribution of these 

known neurocognitive factors and their influence on PVT design and interpretation has not 

been systematically evaluated thus far, particularly for severely cognitively impaired 

individuals.  One reason for the relative lack of such a comprehensive research literature is 

the difficulty in conducting these kinds of studies with clinical populations. Whilst a 

moderate comparison was made with regards to equating the CAM with levels of actual 

cognitive deficits, no such direct comparison was made, and as mentioned, future research 

should evaluate the clinically relevant level of impact. That is, the characteristics of the 

cognitive load task used is also likely to affect how “impaired” the analogue clinical group 

performs on PVTs.  Manipulation of the degree to which the task taxes cognitive resources 

can (and should) be manipulated, and it is possible that further research in this regard can 

improve the accuracy of the analogue clinical group in simulating more severe impairment. 

However, it is also important to note that the study outlined in Chapter 2 utilised self-report 

measures to determine the level of ‘mild-moderate’ TBI (based on length of loss of 

consciousness) with no clinical or imaging data to support impairment for those in the mTBI 

cohort. As such, conclusions regarding the direct relationship between mild injury severity -



 

 132 

specifically- and subsequent performance on the PVT must be preliminary.  Whilst every 

attempt was made to equate the CAM approach with an approximation of ‘less-than-severe’ 

impairment for the purposes of this thesis (i.e., indirect comparisons to the severely impaired 

Batt et al sample’s performance on the same PVTs), given the ubiquity in PVT literature and 

the complexity that a wide-range of deficits bring to the successful completion of PVTs, 

future research should directly make these comparisons, and implement current neuroimaging 

techniques to firmly and comprehensively corroborate injury severity and deficits across a 

variety of neurological impairments prior to the implementation of the CAM to determine 

any a priori  deficits (e.g., significant frontal-lobe injury resultant in marked decrease in 

motivation, despite ‘good recovery’ (p. 1627) or  a diagnosis of schizophrenia (negative 

symptomology) with similar effects (p. 1628); Bigler, 2014). That is, future research may 

implement neurogenic imaging information prior to utilising the CAM approach to further 

establish that any brain pathology (that results in a decrease in motivation) effects on 

established PVTs is distinct from the effects of an increase in cognitive load (i.e., PVT may 

require more than effort to successfully complete).     

 Furthermore, whilst sample sizes for each of the studies here were adequate to warrant 

careful interpretation, future research should evaluate the effects found here and in the 

evaluation of other factors presented with larger sample sizes.   

Cognitive load theory provides a framework with which we can systematically 

evaluate the above-mentioned differences.  Specifically, implementation of this or other 

CAM approaches would allow researchers to vary the components of the SFC methodology 

and evaluate the results in an analogue clinical group, similarly to what is currently applied in 

the evaluation of PVT sensitivity values with simulated malingering scenarios. As shown by 

the data presented in this thesis, there is some initial support for the use of this methodology 

in PVT research in cognitively healthy individuals. In addition to evaluating the factors 
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identified in the review presented in the Introduction Chapter of this thesis, the CAM 

approach would facilitate the collaboration between PVTs and the larger neurocognitive 

literature. 

Summary 

 This thesis contributes to the current PVT literature in that it begins to link the 

neurocognitive literature to the mechanisms utilised by the current PVT creators and 

researchers, in a manner that has not been systematically approached previously. This thesis 

also provides consistent evidence that neurocognitive processing theory is relevant to PVT 

performance, especially for more impaired individuals with limited cognitive resources.  It 

also provides a methodological approach initially presented in the cognitive theoretical 

literature that reduces available cognitive resources and thereby appears to produce 

performance reductions in PVTs similar to those seen in cognitively impaired groups.  The 

validation of the CAM methodology provided in this thesis is an important step in allowing 

for further systematic study of the cognitive theoretical literature to PVT performance in 

impaired individuals, and application of relevant aspects of this literature provides direction 

for development of new and promising PVT approaches. 

 The results presented here show that, whilst there may in fact be examinee differences 

that contribute to performance on a PVT, there are indeed methodological approaches utilised 

across PVTs that may contribute to the diminished performance patterns of persons who may 

have limited cognitive capacity as well. The more potentially influential contributors to 

performance (i.e., requiring more cognitive capacity) include the type of stimuli utilised for 

the recognition task, and the administration and scoring paradigm utilised for the 

methodology for the examinee to encode the stimuli, and subsequent classification of 

performance. The studies presented here also provide initial validation of the CAM as an 
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exciting empirical methodological approach to evaluate the components in both the PVTs in 

current application as well as in the development of new PVTs of all types. 
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