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Response Intention 

Fluency tasks were nominated by Cohen (1993) as a neuropsychological measure of the 

‘response intention’ aspect of attention. While these may be conceptually distinct from 

other aspects of attentional processing, factor-analytic studies of neuropsychological 

measures have produced inconsistent findings: with these measures sharing some 

variance with WCST performance in the Jaeger (et al., 2003) blocked principal 

component analysis study; and with measures of information processing speed in those 

studies reviewed by Nuechterlein (et al., 2004). Neuropsychological measures of fluency 

typically measure the number of novel responses that can be generated to a given criteria 

within a fixed time period. Within the verbal domain, there are two main versions of 

fluency tasks, letter (phonemic) or category (semantic) fluency, requiring a participant to 

generate as many words beginning with a target letter in the former task (such as in the 

Controlled Oral Word Association Task, COWAT), or items within a target conceptual 

category in the latter (such as types of animals, in the animal naming task) within a time 

limit. Responses to the phonemic fluency task are dependent on the left prefrontal and 

inferior parietal cortices, while semantic fluency requires the additional requirement of 

comprehending the attributes which define membership of the target category, and thus 

recruits both frontal and temporo-parietal regions (Bokat & Goldberg, 2003). Studies of 

participants with neurological damage shows that damage to frontal regions regardless of 

side will produce impairments in verbal fluency, although left frontal, and in the regions 

anterior to Broca’s area in particular, will more severely affect performance (Lezak, 

1995). Additionally, impairments on the task can also be produced by diffuse damage 

(Lezak, 1995). Using fMRI, participants with a diagnosis of schizophrenia have been 

shown to be impaired, relative to neurologically-intact controls, in the power of response 

in the left dorsolateral prefrontal cortex, inferior frontal gyrus and insula during 
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performance of these tasks (Curtis et al., 1998). Studies of analogous neurological 

patients with damage to the left dorsolateral prefrontal cortex result in performance 

characterised by decreased fluency overall but exacerbated by perseverative responses 

and a disinhibition of irrelevant responses (Frith, 1992; Golden et al., 2000).  

 

Findings of deficits in performance on tests of verbal fluency by participants with 

schizophrenia relative to neurologically-intact controls are relatively robust, with three 

recent meta-analytic reviews suggesting substantial effect sizes for both versions of the 

task: mean Cohen’s d = 1.39 (95% CI 0.91-1.80, n=36 studies, fail-safe n = 464: 

Heinrichs & Zakzanis, 1998), 1.02 (95% CI 0.85-1.13, n=915 participants, n=13 studies: 

Bokat & Goldberg, 2003), and 1.38 (n=10 studies: Sumiyoshi et al., 2004) for phonemic 

fluency, and slightly greater effect sizes of  d = 1.23 (95% CI 1.11-1.43, n=915 

participants, n=13 studies: Bokat & Goldberg, 2003) and 1.72 (n=10 studies: Sumiyoshi 

et al., 2004) for semantic fluency. As performance on tests of verbal fluency is clearly 

strongly related to general intelligence (and with verbal skill in particular: Joyce, Collinson 

& Crichton, 1996), studies have examined these between-group differences after 

controlling for IQ, with some suggesting that deficits on both tasks remain apparent after 

such adjustment (Joyce et al., 1996), although others note that only semantic fluency 

impairments remain robust (Elvevag, Weinstock, Akil, Kleinman & Goldberg, 2001; 

Phillips, James, Crow & Collinson, 2004). Recent studies have identified significant 

impairments in fluency tasks (semantic fluency in particular) in parents of patients 

diagnosed with schizophrenia relative to matched neurologically intact control groups, in 

the absence of other neurocognitive deficits (such as motor skill, working memory or 

executive function), suggesting the potential for performance on these tasks as an 

endophenotype for schizophrenia (Appels, Sitskoorn, Westers, Lems & Kahn, 2003; 

Dollfus et al., 2002;). 
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It has been suggested that group differences on the task may be better understood if the 

strategies applied by participants are analysed in greater detail (Woodward, Ruff, 

Thornton, Moritz & Liddle, 2003). For example, rather than simply assessing the number 

of words produced, examining the relative production of ‘clusters’ (the production of 

words within semantic subcategories) and ‘switches’ (switches between clusters: Robert 

et al., 1998). These have suggested that participants with schizophrenia show deficits in 

the number of clusters produced, the number of switches made, and the number of 

words produced per cluster (Zakzanis, Troyer, Rich & Heinrichs, 2000), while others 

indicate that patients have normal performance in regard to clustering and switching, and 

that the deficit is restricted to the numbers of words per category (van Beilen et al., 

2004), although still others suggest that even this difference disappears when the total 

number of words produced is applied as a covariate (Elvevag, Fisher, Gurd & Goldberg, 

2002). This process has also been of little assistance in clarifying the processes underlying 

the specific fluency tasks: with findings in relation to phonemic fluency suggesting 

differential deficits in clustering (Maron, Carlson, Minassian & Perry, 2002) or switching 

(Robert et al., 1998). Similarly, within semantic tasks, studies have variously suggested 

schizophrenia-specific deficits in both clustering and switching (Moelter et al., 2001; 

Robert et al., 1998) or in neither aspect (Maron, Carlson, Minassian & Perry, 2002). A 

recent careful study has suggested, however, that some of these discrepant findings may 

arise as an artefact of the complex statistical techniques applied for the identification of 

cluster content, the assumptions underlying which may not be appropriately met when 

averaging findings over groups of participants with schizophrenia which display little 

inter- or intra- individual consistency (Elvevag & Storms, 2003).  
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An alternative strategy toward understanding the reasons behind performance deficits 

among those with schizophrenia is to examine the contributing neurocognitive aspects of 

these verbal fluency tasks. Clearly, beyond vocabulary and motoric expressive capability, 

speed of information processing, executive function, and verbal memory abilities will 

contribute to performance on verbal fluency tasks. A recent study has shown that 

phonemic fluency performance in controls is best predicted by verbal memory (Rey 

Auditory Verbal Learning Task) and executive function (WCST), however, in participants 

with schizophrenia, speed of processing (TMT Part A, Stroop colour and letter naming) 

emerges as the sole predictor of performance (van Beilen et al., 2004). Support for an 

important role for processing speed deficiencies underlying performance in patients has 

been identified by Elvevag (et al., 2002) who, after controlling for the total number of 

words generated in a fluency task, found that the only remaining group difference was 

that those with schizophrenia had a significantly greater between-cluster switching time 

than comparison subjects. However, while processing speed is clearly an important 

component of verbal fluency performance, this explained only 30% of performance 

variance in the van Beilen (et al., 2004) study. Two other factors which may make 

important contributions to performance are medication and psychopathology. In terms 

of medication effects, multiple studies suggest that typical antipsychotic medications 

make no impact on performance (King & Green, 1996; Purdon, Malla, Labelle & Lit, 

2001; Verdoux, Mangnin & Bourgeouis, 1995), while improvements are seen following 

clozapine treatment (when compared to participants treated with typical neuroleptics: 

Lee, Thompson & Meltzer, 1994; McGurck, 1999; Schall et al., 1998), with similar 

findings identified for olanzapine (Purdon et al., 2000) and quetiapine (Purdon, Malla, 

Labelle & Lit, 2001).  
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In regard to the relationships between performance and symptomatology, as can be seen 

in the studies summarised in Table 46 and 47, performance on both phonemic and 

semantic fluency tasks are associated with the degree of negative symptomatology 

(Addington, Addington & Maticka-Tynedale, 1991; Liddle & Morris, 1991; Hughes et al., 

2002; Sanfilipo et al., 2002). This is hardly surprising, as one of the symptom items 

contributing to the negative symptom rating is alogia, which is operationalised as a 

reduction in speech production. Consistent with this, the SANS subscale rating of alogia, 

but not the SANS global rating of negative symptoms (comprising blunting, alogia, 

avolition, anhedonia and inattention) has been shown to be correlated with phonemic 

(Joyce, Collinson & Crichton, 1996) and semantic (Sumiyoshi et al., 2004) fluency. 

However, relationships between fluency performance and other symptoms within the 

‘negative’ concept do clearly occur, with Sanfilipo (et al., 2002), for example, showing 

stronger relationships between a composite verbal fluency measure and anhedonia than 

for the task and affective blunting; and the Sumiyoshi (et al., 2004) study suggesting that 

the SANS global negative rating (excluding alogia symptoms) was predictive of phonemic 

fluency. It should be acknowledged, however, that there exists a substantial degree of 

inter-relationship between all of the symptoms within the SANS (Stuart et al., 1995), and 

as such, it is possible that a proportion of these relationships may relate to shared 

variance with the concept of alogia. While less commonly identified, some studies have 

also shown relationships between phonemic or semantic fluency and the degree of 

disorganisation (under the three-factor model of symptomatology: Liddle & Morris, 

1991; Robert et al., 1998) or the level of ‘cognitive’ symptomatology (under the five-

factor model: Good et al., 2004). These relationships are also predictable, given that both 

of these dimensions incorporate symptoms of positive formal thought disorder, and 

individuals experiencing marked problems with maintaining the flow and structure of 

conversational speech would be expected to also exhibit problems with the rules required 
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in tests of verbal fluency. While some unexpected correlations have been identified (for 

example with the degree of hallucinations: Addington et al., 1991), given the findings in 

Table 46 and 47, it can be hypothesised that, with the eleven dimension symptom model 

identified in the current study, relationships between verbal fluency measures will be 

identified with the degree of ‘negative signs’ (as this includes the clinical rating of alogia) 

and of ‘conceptual disorganisation’.   
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Table 46: Relationships between performance on tests of the ‘response intention’ component of attention and 2-, 3-, 5- and 11- 
dimensional models of symptoms in schizophrenia: Part I. Phonemic fluency - Controlled Oral Word Association Task  
Model           First 

Author 
Year N 

Age 
(SD) 

Patient 
Status 

Phase 
Medication 

Status 
Notes (Scales used to define target variables) 

 
Two-Factor Model 

        

Negative Positive 

             

-0.36  0.03         Berman 1997 30 51 (11) In-, chronic Chronic, stable 100% Used PANSS 'positive' and 'negative' subscale scores 
-0.31*  0.21         Hughes 2002 62 38 (10) Out- Mixed 100% Values are regression coefficients; Used PANSS 'positive'& 'negative’subscales 
 

Three-Factor Model         

Negative Disorganised Reality Distortion  

  
        

-0.32**  -0.29*    0.24     Robert 1998 78 n/r n/r Chronic, stable 85% Used SANS and SAPS global scores 
0.00  -0.18    0.22     Woodward 2003 36 36 (9) In- Unspecified 100% atypical Used Liddle's Signs and Symptoms of Psychotic Illness 
0.38*  0.19    0.13     Brown 1992 48 61 (40-75) In-, chronic Chronic, stable 100% Used SANS and Manchester scale 

-0.48**  -0.50**    -0.01     Liddle 1991 40 52 (31-65) In-, chronic Chronic, stable 84% Used SANS and Manchester scale 

-0.60***  -0.19    0.02     Basso 1998 62 32 (7) Mixed (out-) Mixed 92% Uses semi-partial correlations (removing effect of other dimensions);  
Used typical SANS/SAPS global items  

-0.21  0.05    0.05     Hughes 2002 62 38 (10) Out- Mixed 100% Values are regression coefficients;  
Used PANSS scores as target variables as per Peralta et al, 1992 

 
Five-Factor Model         

Negative Cognitive Excitement Positive 
Mood 

disturbance         
-0.31**  -0.15  0.04 -0.01    0.13 Good 2004 152 26 (7) In- (?) First episode Naïve Used PANSS  

-0.21  0.06  -0.02 0.04    n/r Hughes 2002 62 38 (10) Out- Mixed 100% Values are regression coefficients;  
Used PANSS scores as target variables as per modified Peralta & Cuesta, 1994 

Note: *p<0.05, **p<0.01; ***p<0.001 n/s = not significant (coefficient not specified). Reported values are Pearson Product-Moment correlation coefficients unless otherwise specified. n/r = not reported. Full authorship of included articles: Basso, Nasrallah, Olson & Bornstein, 1998; Berman, 
Viegner, Merson, Allan, Pappas & Green, 1997;  Brown & White, 1992;  Good, Rabinowitz, Whitehorn, Harvey, DeSmedt & Kopala, 2004;  Hughes, Kumari, Soni, Das, Binneman, Brozd, O’Neil, Mathew & Sharma, 2002;  Liddle & Morris, 1991;  Robert, Lafont, Medecin, Berthet, Thauby, Baudu & 
Darcourt, 1998;  Woodward, Ruff, Thornton, Moritz & Liddle, 2003. 
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Table 47: Relationships between performance on tests of the ‘response intention’ component of attention and 2-, 3-, 5- and 11- 
dimensional models of symptoms in schizophrenia: Part II. Semantic (category) fluency tasks and composite semantic and phonemic 
fluency measures 
Model           First 

Author 
Year N 

Age 
(SD) 

Patient 
Status 

Phase 
Medication 

Status 
Notes (Scales used to define target variables) 

 

Category fluency         
Two-Factor Model         
Negative Positive 

             

-0.34*  n/r         Addington 1991 38 31 (9) In-, acute Mixed 100% (acute) used SANS global score 
-0.45**  n/r         Addington 1991 38 31 (9) Mixed Mixed 95% (6 month follow-up) used SANS global score 
Three-Factor Model         
Negative Disorganised Reality Distortion  

  

        
-0.29*  -0.28*    0.20     Robert 1998 78 n/r n/r Chronic, stable 85% Used SANS and SAPS global scores 

Five-Factor Model         

Negative Cognitive Excitement Positive 
Mood 

disturbance         
-0.27**  -0.26**  -0.01 -0.10    0.14 Good 2004 152 26 (7) In- (?) First episode Naïve Used PANSS 
Eleven-Factor  Model         
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n/r n/r 0.16 0.07 n/r n/r n/r n/r -0.03 n/r n/r Addington 1991 38 31 (9) In-, acute Mixed 100% 
(acute) used SAPS 'bizarre behaviour' subscale score as index of bizarre 

behaviour; formal thought disorder subscale as 'conceptual disorganisation';  
'hallucinations' subscale score as index of auditory hallucinations 

n/r n/r -0.07 -0.07 n/r n/r n/r n/r -0.40** n/r n/r Addington 1991 38 31 (9) Mixed Mixed 95% 
(6 month follow-up) used SAPS 'bizarre behaviour' subscale score as index of 

bizarre behaviour; formal thought disorder subscale as 'conceptual 
disorganisation'; 'hallucinations' subscale score as auditory hallucinations 

 

Verbal fluency (Composite)         

Two-Factor Model         
Negative Positive 

             

-0.41*  n/r         Sanfilipo 2002 47 39 (5) In- & out- Mixed (chronic) 100% Used SANS global score 
-0.14  -0.52**         Verdoux 1999 31 33 (11) In-, acute First episode 100% Used PANSS 'positive' and 'negative' subscale scores 

Eleven-Factor  Model         
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-0.34* -0.48** n/r n/r n/r n/r n/r n/r n/r n/r n/r Sanfilipo 2002 47 39 (5) In- & out- Mixed (chronic) 100% Used SANS blunting subscale score 'negative signs' & 'anhedonia/asociality' 
subscale score as index of 'social dysfunctions' 

Note: *p<0.05, **p<0.01; ***p<0.001 n/s = not significant (coefficient not specified). Reported values are Pearson Product-Moment correlation coefficients unless otherwise specified. n/r = not reported. Full authorship of included articles: Addington, Addington & Maticka-Tynedale, 1991; Good, 
Rabinowitz, Whitehorn, Harvey, DeSmedt & Kopala, 2004;  Robert, Lafont, Medecin, Berthet, Thauby, Baudu & Darcourt, 1998;  Sanfilipo, Lafargue, Rusinek, Arena, Loneragan, Lautin, Rotrosen & Wilkin, 2002; Verdoux, Liraud, Bourgeois, Gonzales, Assens, Abalan, Beaussier, Gaussares, 
Etchegaray & van Os, 1999. 
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Response Initiation and Inhibition 

The measure of processing interference on the Stroop task (Stroop, 1935) was nominated 

by Cohen (1993) as a neuropsychological test measure of the ‘response initiation and 

inhibition’ component of attentional processing. Interference on the classic version of 

the task is shown through the finding that it commonly takes longer to name the ink-

colour of colour-word stimuli when they refer to an inconsistent colour (such as the 

word ‘red’ printed in blue ink: the interference trial) than it does to simply read colour-

words printed in a neutral ink or to name colour stimuli (control trials). This effect is 

thought to arise from a response conflict from the competing stimuli in the interference 

trial and has variously been interpreted as representing a failure of response inhibition or 

as a measure of selectivity of attention (Lezak, 1995). While the control trials of the task 

have been shown to share loadings with measures of psychomotor speed in several 

factor-analytic studies of neuropsychological measures of attention (Jaeger et al., 2003; 

Mirsky et al., 1991; Nuechterlein et al., 2004), the interference measure (the ratio of 

performance on the interference trial to that of the control trials) has not often been 

included in such studies. However, in the blocked principal component analysis study of 

Jaeger (et al., 2003) this measure was shown to be independent of measures of shifting 

(WCST perseverations) or fluency (COWAT). As such, its status as a neuropsychological 

measure of an aspect of attention independent of the other components of the Cohen 

(1993) model is somewhat unclear.  

 

The anterior cingulate has been shown to be particularly important in the mediation of 

performance on the interference component of this task, most likely involved in the 

control of attention toward the appropriate source of information (MacLeod & 

MacDonald, 2000), although a number of other brain regions are also involved in the 



 338

task (Brown et al., 1999; Leung, Skudlarski, Gatenby, Peterson & Gore, 2000; Mead et 

al., 2002). Compared to neurologically-intact control participants, who show activity in 

both limbic and paralimbic anterior cingulate regions during the task, subgroups of 

participants with schizophrenia have been shown to produce no significant activity in 

either region, or in only the paralimbic anterior cingulate during Stroop interference 

performance (Yucel et al., 2002).  

 

Substantial effect sizes have been shown when comparing the Stroop interference effect 

between participants with schizophrenia and in neurologically-intact controls in a recent 

meta-analytic study (mean Cohen’s d = 1.22, 95% CI 0.23-2.11, n=6 studies, fail-safe n = 

67: Heinrichs & Zakzanis, 1998). However, such a finding has not been consistent across 

studies. There are two main methodological approaches to the Stroop task, one based on 

the presentation of stimuli on cards, where response time for the naming of a group of 

stimuli is recorded (the clinical version), and a computer-based version where stimuli are 

presented individually and individual responses are recorded (the single-trial 

methodology). These two versions may not necessarily be directly parallel tasks (Salo, 

Henik & Robertson, 2001). Between-group differences are commonly (but not 

uniformly) identified using the card-version of the task (Lopes-Machado, Crippa, Hallak, 

Guimaraes & Zuardi, 2002; Perlstein, Carter, Barch & Baird, 1998), however, using the 

single-trial methodology, increases in response time to the interference trials are not 

usually identified amongst participants with schizophrenia. Instead, an increased number 

of errors in responses to the interference stimuli are often shown in the clinical group 

(Barch, Carter, Hachten, Usher & Cohen, 1999; Chen, Wong, Chen & Au, 2001: 

although contrary results have also been shown: Hepp, Maier, Hermle & Spitzer, 1996). 

While some of the discrepancies amongst the findings of Stroop interference are due to 

differences in the approach taken for the definition of the interference measure 
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(Perlstein, Carter, Barch & Baird, 1998), the finding of a relatively increased error rate in 

participants with schizophrenia during interference trials goes some way to reconciling 

the different findings across task versions as, in the card version, participants are required 

to correct any errors as they read the stimuli before continuing, and as such the total time 

for interference trials includes this additional correction time, which will be increased in 

clinical participants due to their greater error rate than controls (Woodward, Ruff, 

Thornton, Moritz & Liddle, 2003). Given the more specific response parameters that are 

available in the single-trial methodology, some authors have suggested that the single-trial 

version is more sensitive to performance deficits in participants with schizophrenia 

(Perlstein et al., 1998; Woodward et al., 2003), however, the card version remains a useful 

instrument when interference measures are correctly calculated (Lezak, 1995; Salo, 

Robertson & Henik, 2001).  

 

The Stroop interference effect in those with schizophrenia appears to be relatively 

impervious to the effects of antipsychotic medications, with the consensus across studies 

identifying no effect of typical antipsychotics (King & Green, 1996; Ljubin et al., 2000; 

Medalia, Gold & Merriam, 1998; Schall et al., 1998; Verdoux, Mangin & Bourgeouis, 

1995), clozapine (Green & King, 1996; McGurk, 1999; Schall et al., 1998) or olanzapine 

(Ljubin et al., 2000) on the interference measure, although there has been some 

suggestion of possible improvements with risperidone therapy (although this study was 

not methodologically rigorous: Stip & Lussier, 1996). Nicotine has similarly been shown 

not to affect the degree of Stroop interference in neurologically intact cohorts (Mancuso, 

Warburton, Melen, Sherwood & Tirelli, 1999). Interestingly, serum anticholinergic level 

in participants with chronic schizophrenia has been shown to be best predicted by the 

degree of Stroop interference in comparison to a range of other potential predictors 

(CPT sensitivity, motoric speed or smoking level), which may suggest some relationship 
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between the cholinergic system and the degree of task interference (Tracy, Monaco, 

Giovannetti, Abraham & Josiassen, 2001). However, the findings of little impact of 

biological therapies with high anticholinergic effects (such as clozapine) on task 

performance suggest that this relationship is unlikely to be a substantial contributing 

factor to performance deficits in schizophrenia.  

 

While several studies have suggested no significant relationships between dimensions of 

symptomatology and Stroop interference performance in participants with schizophrenia 

(Holthausen et al., 1999; Verdoux et al., 1999; Woodward, Ruff, Thornton, Moritz & 

Liddle, 2003: Table 48), some interesting relationships have been identified in other 

experiments. Lopes-Machado, Crippa, Hallak, Guimaraes and Zuardi (2002) identified 

elevated Stroop interference in participants with schizophrenia that were not 

electodermally responsive (suggesting a lower level of autonomic activity to sensory 

stimulation) in comparison to patients that were responsive, and that the electrodermally 

nonresponsive participants exhibited significantly greater levels of negative 

symptomatology. Several studies have identified relationships between Stroop 

interference performance and disorganisation symptoms under the three-factor model of 

symptomatology (Baxter & Liddle, 1998; Liddle & Morris, 1991: Table 48), although 

subsequent studies have identified subtleties in this relationship: with correlations only 

appearing with an increase in errors during the interference trials, and not with the 

general response time to such trials (on either card or single-trial versions: Barch et al., 

1999; Woodward et al., 2003); or general interference relationships only present in 

patients that had experienced a persistent psychotic illness, rather than a fluctuating 

course (Baxter & Liddle, 1998; Ngan & Liddle, 2000).  
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Given the limited number of studies examining relationships between symptomatology 

and Stroop interference measures, and the suggestions that even those identified 

correlations may be relatively subtle relationships, it is difficult to predict exactly what 

relationships would be identified between this measure of ‘response initiation and 

inhibition’ and symptom dimensions identified under the eleven- dimension model 

proposed in the current study. Tentatively, given the mixed findings in studies to date, it 

could be suggested that, were relationships to arise, these would most likely appear 

between the interference measure and ‘conceptual disorganisation’ symptoms (given that 

these are at the core of the three-factor model ‘disorganisation’ dimension) and with 

those within the ‘cognitive dysfunction’ symptoms (given their relationship with the 

‘disorganisation’ dimension and the identification of a trend relationship between Stroop 

interference and the SANS ‘inattentiveness during mental status testing’ item:  Atbasoglu 

et al., 2003). 

 



 342 

 
 
 
 
 
Table 48: Relationships between performance on tests of the ‘response initiation and inhibition’ component of attention (Stroop 
interference) and 2-, 3-, 5- and 11- dimensional models of symptoms in schizophrenia 
Model           First 

Author 
Year N 

Age 
(SD) 

Patient 
Status 

Phase 
Medication 

Status 
Notes (Scales used to define target variables) 

Two-Factor Model         
Negative Positive 

             

0.19  -0.01         Verdoux 1999 32 33 (11) In-, acute First episode 100% Used PANSS 'positive' and 'negative' subscale scores  
Three-Factor Model         

Negative Disorganised Reality Distortion  

  

        
0.27  0.37*    n/s     Liddle 1991 36 52 (31-65) In-, chronic Chronic, stable 84% Used SANS and Manchester scale  
-0.26  0.37*    n/s     Baxter 1998 33 (38) (23-67) Mixed Persistent illness 100% Used Symptoms and Signs of Psychotic Illness Scale 
-0.15  0.14    n/s     Baxter 1998 23 (38) (23-67) Mixed Remitting illness 100% Used Symptoms and Signs of Psychotic Illness Scale 

Five-Factor Model         

Negative Cognitive Excitement Positive 
Mood 

disturbance         
0.09  0.02  n/r 0.07    0.23 Holthousen 1999 50 25 (7) In-, acute Recent onset 100% Used PANSS  

Eleven-Factor  Model         
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n/r n/r n/r n/r 0.32 n/r n/r n/r n/r n/r n/r Atbasoglu 2003 35 22 (4) In- Recent onset 100% Values are partial correlations (controlling for duration of education); used 
'inattentiveness during mental status testing' as measure of cognitive score 

Note: *p<0.05, **p<0.01; ***p<0.001 n/s = not significant (coefficient not specified). Reported values are Pearson Product-Moment correlation coefficients unless otherwise specified. n/r = not reported. Full authorship of 
included articles:  Atbasoglu, Ozguven & Olmez, 2003; Baxter & Liddle, 1998; Holthausen, Wiersma, Knegtering & van den Bosch, 1999. Liddle & Morris, 1991. 
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Summary 

Deficits in attention have been shown to be a particularly important aspect of 

functioning for those diagnosed with schizophrenia. However, ‘attention’ itself is a multi-

faceted concept. Cohen (1993) has proposed multiple components of attention, and, in 

conjunction with the findings of Mirsky (1987) and colleagues, common 

neuropsychological measures of ‘attention’ have been selected to reflect each of these 

components, namely: ‘sustained performance/sustain’ reflected by the Continuous 

Performance Task; ‘processing speed/focus-execute’ reflected by Digit Symbol and 

Symbol Search; ‘memory capacity/encode’ measured by Digit Span (backward), Corsi 

Blocks (backward), Letter-Number Sequencing, and WAIS-III Arithmetic subtests; 

‘active switching/shift’, assessed through perseverative errors on the Wisconsin Card 

Sorting Test, antisaccade task errors and interference on the Trail Making Test; ‘response 

intention’ reflected through performance on phonemic and semantic fluency tasks; and, 

finally, ‘response initiation and inhibition’, relating to interference measure on the Stroop 

paradigm. 

 

Through a brief review of studies of relationships between each of these 

neuropsychological measures and particular symptoms amongst individuals diagnosed 

with schizophrenia, it has been hypothesised (tentatively, given the limited number of 

studies examining correlations with finely-detailed measures of symptomatology) that the 

following relationships will be identified when task performance is examined for 

relationships with symptom groupings under the eleven-dimensional model proposed in 

the current study: strongest correlations between the ‘negative signs’ grouping and 

measures of ‘sustained performance/sustain’; between the degree of ‘cognitive 

dysfunction’ and measures of ‘active switching/shift’ and ‘memory capacity/encode’; 
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ratings of ‘negative signs’ and ‘conceptual disorganisation’ and performance on tasks of 

both ‘processing speed/focus-execute’ and ‘response intention’; and finally, significant 

relationships between symptom ratings of ‘cognitive dysfunction’ and ‘conceptual 

disorganisation’ and the neuropsychological measure of ‘response initiation and 

inhibition’.  

 

If significant correlations between any of these components of attention and symptom 

groupings under the proposed eleven-dimension model of symptomatology are identified 

that are not apparent through use of the more compact symptom models (the three- or 

five- factor models), or if symptom relationships that are identifiable with coarse 

symptom dimensions are not consistent across each of the refined components of that 

grouping in the complex model (for example, significant correlations between a measure 

and ‘negative’ symptoms using the three-factor model would, if that model is correct and 

all of the symptoms within that factor are measuring a unitary construct, imply that 

similar relationships would be identified for each of the ‘negative signs’, ‘social 

dysfunction’ and ‘cognitive dysfunction’ groupings in the eleven-dimension model, given 

that these are subdivisions of the symptoms within the three-factor ‘negative’ symptom 

dimension), then this would provide some external validation for that aspect of the 

eleven-dimensional model.  
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Method 

 

Participants 
Participants were the same cohort as those contributing to the first study in this series 

and are described in detail in that section. However, in brief, one hundred individuals 

with a current DSM-IV (American Psychiatric Association, 1994) diagnosis of 

schizophrenia (n=88) or schizoaffective disorder (n=12) were recruited from a range of 

in- and out- patient services and community treatment centres. Exclusion criteria 

included use of illicit psychostimulant drugs in the preceding month, or any neurological 

illness or injury within the preceding two years. The 80 male and 20 female participants 

had a mean age of 34.2 years (SD = 9.8, range 19 to 69 years), and an average of 10.7 

years of education (SD=2.0, range 6 to 16 years). The mean duration of diagnosis was 

12.7 years (SD = 9.9, range 9 to 40 years) and the majority of the sample could be 

described as experiencing chronic schizophrenia, with 89 participants experiencing 

symptoms for two years or more and 49 for more than ten years. At the time of 

interview, 25 in-patients were either nearing the end of their stay on an acute psychiatric 

ward or residing in a psychiatric rehabilitation facility, with the remaining 75 participants 

receiving treatment from either community mental health centres or general medical 

practitioners. All but four participants were receiving treatment with antipsychotic 

medications at the time of interview (27% receiving ‘typical’ dopamine antagonising 

antipsychotics, 85% ‘atypical’ mixed serotonin-dopamine antagonising medications, 15% 

both types), with the sample receiving a mean chlorpromazine equivalent of 472.3 

mg/day (SD = 266.8, range 0-1178 mg/day). Twenty-six participants were receiving 

benzodiazepines as part of their daily medication regime or using them pro re nata, with 

the benzodiazepine equivalence for the total sample being 4.3 mg/day of diazepam (SD 
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= 15.6, range 0 to 125 mg diazepam/day). Sixteen individuals were receiving 

anticholinergic medications such as benztropine mesylate or benzhexol hydrochloride for 

treatment of antipsychotic medication-induced movement disorders. A further 17 

participants were receiving the mood-stabilising agents lithium, carbamazepine or sodium 

valproate either for treatment of psychiatric symptoms or for the control of epilepsy. 

 

A group of 102 neurologically-intact individuals, largely drawn from a university 

population, were also examined, primarily with the aim of providing comparison data for 

the studies of eye movements (the third component of this study). This group consisted 

of 74 males and 28 females, with an average age of 32.3 years (SD = 9.0 years, range 18 

to 53 years) and an average of 13.1 years of education (SD=1.8, range 10-19 years). 

Exclusion criteria were consistent with those applied to the clinical cohort. Ten of these 

participants had experienced a clinical mood disorder (cyclothymia n=1, major depressive 

episode n=6, post-natal depression n=1, manic episode n=1, panic disorder n=1) of 

some description at some stage of their lives, with one other experiencing reactive acute 

stress disorder. Three participants were currently receiving treatment with antidepressant 

medications, one with benzodiazepines taken pro re nata (although they had not taken 

them in the 48 hours prior to assessment) and one was receiving sodium valproate as a 

prophylactic for epilepsy.  

 

There were no significant differences between the clinical and control group in terms of 

sex (80% vs. 73% males respectively: χ2
100=1.55, p=0.14) or age (mean 34.1 vs. 32.3 

respectively: F(1, 200)=2.03, p=0.16), the variables most likely to impact on eye 

movements. However the control group had a significantly greater number of years of 

education than the clinical cohort: F(1, 200) = 84.83, p<0.001, which means that 
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differences between the groups on neuropsychological measures should be interpreted 

with due caution.  

 

Materials 
A battery of neuropsychological tests were selected on the basis of their relationship with 

each of the six domains of attention identified by Cohen (1993: Tables 34 and 35). Where 

possible, multiple tests were selected to tap each domain, in order to reduce the impact 

of poor performance due to extraneous procedural issues (such as poor performance on 

the ‘Arithmetic’ subtest of the WAIS-III due to anxiety over numerical calculations rather 

than deficits in working memory: Golden et al., 2000). Selections were further guided by 

factor-analytic studies of such tests (e.g. Mirsky et al., 1991; Shum et al., 1990) with a 

view to selecting those tests which most clearly separated out onto distinct factors. 

Finally, test selection was also informed by status of the normative data for the tasks 

(tests with extensive norms were preferred over those with more restricted information, 

hence, the Wechsler scale subtests were often employed) or on the basis of particular 

relevance in the schizophrenia research literature (e.g. the Wisconsin Card Sorting Task 

and the Continuous Performance Task).  

 

Stroop Task (Victoria Version) 
The Victoria version of this classic psychological test, originally developed by Stroop 

(1935) was used in the current study (Spreen & Strauss, 1998). This consists of three 

white cards, reflecting the three parts of the test, each containing six rows of five items. 

In the first part (Dots), the participant was asked to name the colours of a series of dots 

as quickly as possible. The second task (Words) required participants to name the colour 

of the ink that a series of common words (when, hard, and over) are printed in (and to 

ignore their verbal content). The final part (Colours) is similar to the previous stage with 
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the exception that the text is the colour-words (blue, green, red, yellow) printed so that 

the printed ink colour is never the same as the written colour-word. Again, participants 

were asked to name the colour of the ink of each stimulus as quickly as possible, while 

ignoring the text. In each part of the test, four colours are used (blue, green, red, yellow) 

six times each within the 24 items, once within each row, and arranged in a pseudo-

random order. Errors were identified by the experimenter as they occur and the 

participant required to produce the correct response before continuing. Scoring reflects 

the time taken (in seconds) to correctly complete each of the three tasks, with an 

‘interference’ measure defined by the ratio of Colours:Dots.  

 

Trail Making Test 
The Trail Making Test (Partington & Leiter, 1949) required the ordered connection, by 

making pencil lines, of 25 encircled numbers randomly distributed across a page (Trails 

Part A) or of 25 encircled letters and numbers in alternating order (Trails Part B: Spreen  

& Strauss, 1998). Participants were required to complete this task as quickly as possible 

without lifting pencil from paper. Errors were identified by the examiner as they occur 

and participants required to immediately return to the last correct juncture and complete 

the correct trail. Scoring reflects the time (in seconds) required to correctly complete each 

part of the test, with an ‘interference’ measure defined by the ratio [(Trails B-Trails 

A)/(Trails A)].  

 

Simple Reaction Time 
This task, developed in-house, required participants to depress the space bar of a generic 

computer keyboard as quickly as possible as soon as they noticed a white 10mm circle 

appeared on the centre of a blue background on a computer monitor screen. On each 

trial, the stimulus was presented for a period of 1000ms, during which time responses 
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were recorded. Following a 1000ms period, the next target was presented at a random 

time within the subsequent 5000ms period. Participants began each task run with their 

middle finger resting above the spacebar. Each task run contained ten trials, repeated 

three times with each of dominant and non-dominant hand in alternating order with brief 

rest periods between each trial series. Reaction times were averaged over each of the 

three trials of ten stimuli for each hand, with any missed trials (no response within the 

1000ms recording window) or false positive responses (button pressings prior to stimulus 

presentation) excluded. No practice trials were provided, however if it became clear that 

the participant did not understand the task, the trial run was aborted and the task 

requirements clarified. 

 

Finger Tapping Task 
This task simply required participants to depress the space bar on a standard computer 

keyboard as many times as they could within a ten second period. Participants were 

required to rest their wrist on a desk and only use the movement of their index finger to 

depress the key (rather than using larger hand or whole-arm movements). Six ten-second 

trials were conducted, three for each hand, in alternating sequence, beginning with the 

participant’s dominant hand.  

 

Symbol Search (WAIS-III) 
The Symbol Search subtest from the WAIS-III (Wechsler, 1997) consists of a series of 

paired groups of symbols, being two ‘target’ symbols and a series of five ‘search’ symbols. 

On each trial, the participant was required to scan the symbols and indicate whether any 

of the symbols in the search group matched either of the two target symbols. The 

participant responded to as many trials as possible within a 120 second time limit, with 

points allocated for each correct response, and subtracted for each incorrect response 
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during this time period. Administration was delivered in accordance to the WAIS-III 

procedures (Wechsler, 1997).  

 

Digit-Symbol and Digit-Symbol Copy (WAIS-III) 
The WAIS-III Digit-Symbol subtest presented the participant with a coding key, pairing 

a series of symbols with numbers. A random series of digits was presented, and the 

participant was required to use the key to draw the symbol beneath its corresponding 

number on the page. Scoring reflected the number of symbols correctly drawn within a 

120 second time limit (Wechsler, 1997).    

 

The Digit-Symbol Copy subtest procedure was very similar to that of the Digit-Symbol 

subtest proper, with the exception that the participant only had to draw copies of the 

presented series of symbols. Scoring again related to the number of symbols correctly 

drawn within a 120 second time limit. In this manner, the Digit-Symbol Copy task  

largely represents the visuo-motor component of the Digit-Symbol subtest. 

 

Arithmetic (WAIS-III) 
This WAIS-III subtest presented participants a graded series of arithmetic word 

problems. All but the most simple items were presented verbally, and the participant was 

required to solve these problems mentally, without the use of pen and paper or other 

materials, and respond orally within a prescribed time limit for each question (Wechsler, 

1997). Specific administration and scoring procedures described in Wechsler (1997) were 

adhered to.  
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Letter-Number Sequencing (WAIS-III) 
In this task, the participant was read a series of numbers and letters at the rate of one 

item per second. The participant was required to mentally re-sequence the items and to 

repeat orally the presented numbers first, in ascending order, and then the letters in 

alphabetical order. The WAIS-III administration procedure increased the length of the 

sequence on successful completion of at least one of three different number-letter 

combination trials at a given sequence length, until the participant incorrectly responds to 

all three such trials. Scoring was based on the number of sequences correctly recalled 

before the task is discontinued (Wechsler, 1997).  

 

Digit Span (WAIS-III) 
This WAIS-III subtest is composed of two independent tasks, namely Digit Span - 

Forwards, and Digit Span – Backwards. In both cases, the participant was read a series of 

number sequences at the rate of one item per second. For the Digit Span-Forwards task, 

the participant was required to repeat the number sequence in the same order as 

presented. The Digit Span-Backwards task required the participant to repeat the number 

sequence in reverse order. In each task, the length of the presented sequence of numbers 

was increased if the participant successfully completed at least one of two sequences at a 

given sequence length. This continued until the participant produced incorrect responses 

for both of the different numbers series presented at a given sequence length. Scoring 

was based on the number of sequences correctly recalled before the task is discontinued 

(Wechsler, 1997). 

 

Spatial Span (WMS-III) 
This task from the Wechsler Memory Scale (WMS-III) is a visual analogy of the Digit 

Span tasks from the WAIS-III, and is based on the Corsi Block Test. In this task, a board 
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with a number of blocks attached to it was placed in front of the participant, and the 

experimenter tapped the blocks in a particular sequence at the rate of one block per 

second. For the Spatial Span-Forward task, once the experimenter had completed the 

tapping sequence, the participant was required to tap the blocks in the same order. The 

Spatial Span-Backwards task required the participant to tap the blocks in the reverse 

sequence to that which the experimenter presented. In each task, the length of the 

presented sequence of numbers was increased if the participant successfully completed at 

least one of two sequences at a given sequence length. This continued until the 

participant produces incorrect responses for both of the different series presented at a 

given sequence length. Scoring was based on the number of sequences correctly recalled 

before the task was discontinued. 

 

Continuous Performance Task – Identical Pairs Version 
The continuous performance task – identical pairs version is a particularly demanding 

version of the traditional continuous performance task. The parameters of the task used 

in the current study were based on those examined by Cornblatt and her colleagues for 

high-risk studies in schizophrenia (e.g. Cornblatt, Risch, Faris, Friedman & Erlenmeyer-

Kimling, 1988; Cornblatt, Lezenweger & Erlenmeyer-Kimling, 1989). In the version used 

in the current study, stimuli were white, four digit numbers presented in the centre of a 

computer monitor at the rate of one presentation per second. The task required 

participants to respond (by depressing a space bar on a keyboard) as quickly as possible 

whenever identical stimuli were presented in subsequent trials (target trials). Total 

stimulus size was approximately 6cm wide by 2cm high, and used a simple font (72 point 

Ariel). Stimulus presentation time was 50ms, and the total duration of the task was ten 

minutes (600 seconds). The 600 trial task was comprised of four sequences of 150 trials, 

each of which contained 30 target trials (20%), and 28 ‘catch’ trials, where the second 
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stimulus presented was similar, but not identical to, the previous trial (3 of the 4 digits 

retained, with the other digit replaced by a number with a similar shape to the original, 

such as 6 instead of 8 or 1 instead of 7). The remainder of the trials in each 150 trial 

block were random four digit numbers (‘filler trials’). Data is analysed using signal 

detection theory (see McNicol, 1972) to determine d′, which is an index of respondent 

sensitivity, taking into account responses to target trials and catch trials. Larger absolute 

values of d′ suggest that the respondent is more sensitive to the difference between signal 

present (target trials) and signal absent (catch trials) distributions, with values near zero 

indicating chance performance.  

 

Modified Wisconsin Card Sort (MWCST) 
The Nelson (1976) modification of the original Wisconsin Card Sorting Test (Berg, 1948) 

was used in the current study. This task placed four stimulus cards in front of the 

participant (portraying one red triangle, two green stars, three yellow crosses and four 

blue circles respectively). The participant was given two sets of 24 randomly-sorted 

response cards, which depicted all possible combinations of colour (red, green, blue, 

yellow), form (triangle, star, cross, circle) and number (one, two, three, four), except any 

combinations that would share more than one attribute with the stimulus cards. 

Participants were required to match each consecutive response card to one of the 

stimulus cards, based on a given sorting principle (colour, form or number), pre-

determined by the experimenter.  Participants were not informed of the sorting principle, 

and instead have to determine this through a trial-and-error approach, receiving feedback 

as to the correctness or otherwise of each match attempted. When the participant had 

made six correct sorts to a given sorting principle, they were then informed that the 

sorting principle had changed and that they needed to find another rule by which to sort 

the cards. This process continued until all 48 response cards had been used or when all 



 354

three possible sorting categories had been completed twice (de Zubicaray & Ashton, 

1996). Scoring related to the number of perseverative errors, which were classed as 

sorting responses that the participant has previously been informed were incorrect for 

the given principle. 

 

The Nelson (1976) modified version was used in place of the traditional Wisconsin Card 

Sorting Test (WCST) as the latter can be distressing for participants (Lezak, 1995). Some 

reviews of these tasks have suggested that the WCST and the MWCST may not be 

interchangeable tasks (de Zubicaray & Ashton, 1996) as the stimuli are less ambiguous in 

the modified version and the announcement of a shift in sorting principle removes the 

requirement of appreciation that a change has occurred (Lezak, 1995). However, studies 

of the modified task have shown that announcing the shift does not affect participant 

tendencies to perseverate (Nelson, 1976), and similar relationships between perseverative 

errors and the symptoms of schizophrenia have been identified using both versions of 

the task (Table 37 and 38). As such, it was felt that the modified version could be 

appropriately applied in the current study. 

 

Controlled Oral Word Association Task (COWAT) 
This task required participants to spontaneously verbally generate words which fall within 

a particular category within a set time limit (Spreen & Strauss, 1998). Two variations of 

this task were used in the current study. The first, examining letter, or phonemic 

association fluency, gave participants three trials (one for each of the letters F, A, and S) 

to produce words beginning with the trial letter within the 60 second time limit, with the 

exception of proper nouns or substitutions of different suffixes (such as –ing or –ed) to 

words already produced. Scoring here related to the average number of acceptable words 

produced across the three letter conditions. The second task, examining category, or 
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semantic association fluency, required participants to produce as many different names of 

animals as possible in the 60 second time limit, with scoring representing as many correct 

animal names produced within the allotted time. 

 

Antisaccade Task 
This task was administered as part of a battery of tests examining eye movement 

(discussed in subsequent stages of the study). In this task, participants were seated 1.5 

meters away from a stimulus projection screen, with their head position controlled by a 

head-rest. A visual target was displayed at a central fixation point, and then stepped 

randomly 10º of visual angle either to the right or the left. Following this step, 

participants were instructed to quickly move their eyes to a position in space equally 

distant but in the opposite direction to the target stimulus. Twelve trials were performed 

for each direction, in randomised order. Scoring represented the percentage of errors, 

where participants had failed to inhibit their natural response and moved their eyes in the 

direction of the target (instead of away from it).  

 

The target stimulus was a small circular dot with a diameter of 0.15º of visual angle at the 

viewing distance of 1.5 meters. The target was generated by a red helium gas laser, 

controlled by a General Scanning Optical Scanning Head (General Scanning, Inc.) and 

Controller unit. The target was back-projected on a large opaque screen (47.0º by 43.0º) 

with a luminance of 0.5cd/m2 against a background of 0.2cd/m2. Eye movements were 

recorded using an infra-red limbus reflection device (Skalar Medical IRIS) with a linear 

range of ±20º, and optimal resolution of 2 minutes of arc and DC bandwidth to 100 Hz. 

The sampling rate was 500 Hz, and a hardware anti-alaising filter with cut-off frequency 

of 100 Hz was used to filter eye position. The movement of the target stimuli was 
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controlled by a modified Real-time Experimentation platform (REX: Hain, 1995) data 

acquisition and analysis system running on a personal computer.   

 

Procedure 
For clinical participants, assessment was completed over three 1.5 to 3 hour sessions 

within a 3 to 14 day period to avoid potential confounds arising from changes in 

symptom presentations over a longer delay. In general, the first assessment session 

included history taking, assessment of psychopathology (examined in the first phase of 

this study), the COWAT and Trail Making Task; the second session comprised the 

WAIS-III and spatial span tasks; with the third comprising the antisaccade task, the 

continuous performance task, the Stroop task and the Modified Wisconsin Card Sorting 

test. However, due to the nature of the participant population, strict adherence to this 

procedure was not always possible, and assessment sessions were terminated when 

participant fatigue was noted or when rapport was appearing strained. In these cases, any 

remaining assessment tasks were carried over to the subsequent assessment session. 

Within sessions, short breaks were taken between assessment tasks to reduce fatigue. 

Standard procedures for individual assessment tasks, as detailed in the Materials section 

above or in the respective test manuals, were adhered to at all times. The first two 

assessment sessions were mobile and were completed where convenient for the 

participant, providing that standard considerations for testing were met (see Wechsler, 

1997), with the final session performed in a laboratory specially equipped for the 

assessment of eye movements.  

 

Due to time, fatigue and rapport considerations, it was not possible to complete a full set 

of assessments for each participant. As such, there are slightly different sample sizes for 

completion of each task, with all participants completing the WAIS-III Digit-symbol, 
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Arithmetic and Digit Span subtests; 99 completing the WAIS-III Digit-symbol copy 

subtest; 97 completing the Stroop, COWAT and the WAIS-III Symbol Search subtest; 

96 completing the WAIS-III Letter-number sequencing subtest; 95 completing the Trail-

making test; 94 completed the Simple Reaction Time task; 93 completing the Modified 

Wisconsin Card Sorting test and the WMS-III Spatial Span task; and 89 completed the 

Continuous Performance task. Due to an additional exclusion criteria for completion of 

the assessment of eye movements (participants receiving pharmacotherapy with lithium 

or phenelzine sulphate were excluded as these medications have been shown to cause eye 

movement dysfunctions: Levy & Holzman, 1997), 87 participants completed the 

antisaccade task.  

 

Control participants were individually assessed in a single session of approximately one-

hour duration in the same laboratory used for the final session with clinical participants. 

Following a discussion of demographics and relevant medical and psychiatric history, 

participants were administered the Vocabulary subset of the WAIS-III as an index of 

general intellectual ability, and on the antisaccade, finger-tapping, simple reaction time 

and continuous performance tasks using the same method and instructions applied to the 

clinical group.  

 

Data Analysis 
Raw scores from each test were converted so that higher scores reflected superior results 

in all instances, and were then transformed to z-scores to remove scaling discrepancies. 

The groupings of assessments into components of attention identified in the existing 

literature (e.g. Cohen, 1993; Mirsky et al., 1991) was examined using blocked principal 

components analysis (as per Jaeger et al., 2003; Liu, Zhang, Gehan, Clarke, 2002) and 

refined using this and scale reliability statistics (Cronbach, 1951). Scale scores for each 
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identified domain were derived by calculating the average of the z-scores of the tests 

comprising each domain. In cases affected by missing data, the mean performance was 

used if data from at least two-thirds of the tests were completed, otherwise that 

participant’s data was excluded from subsequent analyses. The distributions of scores for 

each of the identified domains were examined for normality and transformed where 

appropriate (in the case of two of the five identified domains), while one case was 

removed (relating to performance on the ‘processing speed’ tests) due to outlying scores 

that had a deleterious impact on the overall distribution of data.  

 

Stepwise linear regression analyses were used to determine whether symptom dimensions 

emerged as significant predictors of each of the identified domains of attention. These 

were performed separately for each of the three-, five- and eleven- dimension symptom 

models. A series of variables that may potentially relate to performance on each of these 

domains (age, duration of illness, years of education, degree of extrapyramidal symptoms, 

and the degree of medication with antipsychotic, benzodiazepines or anticholinergic 

medications) were examined for such relationships and where these were notable (p<0.1) 

these were forced into the regression equations prior to the stepwise inclusion of 

symptoms under any of the symptom models to ensure that the variance explained by 

symptoms would be distinct from any of these well recognised sources. Stepping criteria 

was p<0.05 for entry and p<0.10 for removal from the regression equations. In each 

instance, the data were carefully examined to ensure that the assumptions underlying the 

regression technique were met: the residuals under the predicted model (the difference 

between the true score and the score predicted by the model) tested for normality, and 

residuals with absolute standardised values greater than 2.5 investigated to determine 

whether they had notable leverage on the regression model produced; multicollinearity 

issues were explicitly tested using tolerance values and the condition index; with issues of 
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linearity between variables and homoscedasticity of residuals examined graphically. 

Where significant relationships between symptoms and components of attention were 

identified through regression, relationships between individual tests and the symptoms 

involved were examined in more detail.  

 

To examine relationships between items, initially Spearman’s Rank correlation 

coefficients were calculated, as this technique does not rely on the assumption of normal 

distribution of items, which is relevant given that clinical data distribution tends to be 

positively skewed by the nature of its measurement (items involved tend to measure only 

one tail of the distribution of given symptom constructs). However, results of such 

analyses were very similar and congruent with the results of Pearson Product Moment 

correlations and, as such, the latter were discussed for consistency with the prevailing 

literature in the area (e.g. Addingdon et al., 1991; Berman et al., 1997; Bryson et al., 1999; 

Green & Walker, 1985). Bonferroni corrections to minimise the impact of Type 1 errors 

on data analysis were not conducted as the requirements of these would be too restrictive 

for the exploratory nature of this study and liable to instead produce Type 2 errors. To 

produce a balance between these issues, the alpha level of 0.01 was used to denote 

significance when discussing correlational analyses in the current study, with the alpha 

level of 0.05 discussed in reference to trends. Partial correlations, removing the effects of 

other influencing variables and power analyses for correlation coefficients were also 

examined. 
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Results 

 

General Performance on Neuropsychological Tests 
The mean performance of the clinical participants on the series of neuropsychological 

tasks is summarised below in Table 49. Consistent with the findings of many other 

studies (see Heinrichs & Zakzanis, 1998 for a comprehensive meta-analytic review of 

recent literature), the clinical participants as a group performed significantly more poorly 

than the neurologically-intact control group (or, where the control participants did not 

complete the test in question, the non-affected normative sample on the given test). 

However, it was also clear that the performance within the clinical participants was quite 

heterogeneous, with substantial standard deviations for most tasks, particularly those 

tapping motor (reaction time, finger tapping) or executive functions (Stroop, Trail 

Making task and the Modified Wisconsin Card Sort). This diversity of performance is 

further supported on examination of the distribution of scores for the clinical group 

(Table 49): approximately half of the clinical group performed within one standard 

deviation from the performance of unaffected control participants on general measures 

of functioning such as the WAIS indices and on the Modified Wisconsin Cart Sort; 

approximately 40% performed within one standard deviation of the control participants 

on indices of motor function; while this ratio was lowed to around 25% of the clinical 

participants performing in such a range on the continuous performance task and tests of 

cognitive flexibility (such as the Stroop and Trail Making Task). This diversity of 

performance is commonly seen amongst studies of people with a diagnosis of 

schizophrenia (e.g. Heinrichs & Zakzanis, 1998), and so typifies studies within the area 

that Green (1998, p. 83) wrote, in his review of the field, that “one experimental finding 

emerges with the reliability of a Swiss watch – schizophrenic patients show increased 
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variability of performance on almost any type of measure”.  Clearly, the wide range of 

performance identified here and in previous literature within clinical participant groups 

supports further examination of the determinants of such differences.  
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Table 49: Summary of performance on neuropsychological tests 
  

Clinical group 
 

Control group 
 Clinical score distribution in relation to 

control group 
Test N mean (SD) N mean  (SD) t value >1 SD above 

(%) 
Within 1SD 

(%) 
1-2 SD below 

(%) 
2-3 SD below 

(%) 
>3SD below 

(%) 

Simple Reaction Time            
Dominant hand (ms) 94 375.6 (128.8) 101 289.3 (44.2) 6.16*** 7% 37% 18% 13% 24% 

Non-dominant hand (ms) 94 366.3 (125.5) 101 285.7 (40.7) 5.94*** 6% 40% 19% 12% 22% 
Finger Tapping Task           

Dominant hand (taps in 10s) 94 50.9 (10.6) 101 59.7 (6.8) 6.86*** 6% 36% 29% 15% 14% 
Non-dominant hand (tapes in 10s) 94 46.5 (9.3) 101 53.6 (5.8) 6.34*** 4% 39% 30% 12% 15% 

Continuous Performance Task           
% Hits 89 59.8 (21.0) 101 81.9 (11.8) 8.76*** 1% 35% 18% 19% 27% 

% False alarms 89 21.8 (13.0) 101 12.1 (8.0) 6.03*** 4% 45% 27% 12% 11% 
d′ 89 1.13 (0.62) 101 2.30 (0.76) 11.68*** 0% 27% 42% 29% 2% 

lnβ 89 0.22 (0.46) 101 0.30 (0.74) 1.80 4% 87% 9% 0% 0% 
Controlled Oral Word Association           

Total words across conditions F, A, S 97 34.0 (14.1) ^ 45.7 (12.7) 8.17*** 3% 53% 28% 13% 3% 
Animals (total named) 97 18.5 (6.1) ^ 23.4 (5.8) 7.93*** 4% 53% 32% 10% 1% 

Trail Making Test           
Part A (s) 97 37.5 (17.4) ^ 19.0 (5.9) 10.49*** 0% 24% 15% 20% 41% 
Part B (s) 95 114.0 (59.2) ^ 49.5 (17.1) 10.62*** 1% 19% 13% 20% 47% 

Interference (B-A)/A 95 2.14 (1.08) n/r n/r (n/r) - - - - - - 
Stroop Task (Victoria version)           

Dots (s) 97 15.3 (5.70) ^ 10.1 (2.0) 9.03*** 1% 32% 25% 14% 28% 
Words (s) 97 19.6 (6.74) ^ 12.0 (2.5) 11.13*** 1% 19% 31% 12% 37% 

Colours (s) 97 32.6 (17.0) ^ 19.3 (5.2) 7.74*** 2% 23% 26% 23% 27% 
Interference (Words/Dots) 97 2.14 (0.61) n/r n/r (n/r) - - - - - - 

Modified Wisconsin Card Sort           
% Perseverative errors 93 19.1 (14.2) @ 5.2 (3.9) 340.49*** 9% 47% 15% 12% 17% 

Number of categories completed 93 3.91 (1.52) @ 5.0 (1.7) 6.88*** 0% 60% 19% 21% 0% 
Loss of set (fail after four correct sorts) 93 0.34 (0.62) @ n/r (n/r) - - - - - - 
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Table 49: Summary of performance on neuropsychological tests (cont.) 
  

Clinical group 
 

Control group 
 Clinical score distribution in relation to 

control group 
Test N mean  (SD) N mean (SD) t-value >1 SD above 

(%) 
Within 1SD 

(%) 
1-2 SD below 

(%) 
2-3 SD below 

(%) 
>3SD below 

(%) 

Wechsler Adult Intelligence Scale (III)             
Full-scale IQ 98 85.6 (14.4) º 100 (15) 9.89*** 2% 53% 33% 11% 1% 

Verbal IQ 98 89.0 (15.0) º 100 (15) 7.29*** 2% 58% 28% 12% 0% 
Performance IQ 100 83.7 (13.3) º 100 (15) 12.30*** 1% 42% 43% 13% 1% 

Verbal Comprehension Index 98 93.5 (15.9) º 100 (15) 4.03*** 9% 62% 22% 6% 0% 
Perceptual Organisation Index 100 87.8 (14.4) º 100 (15) 8.48*** 3% 54% 34% 9% 0% 

Working Memory Index 96 85.3 (15.4) º 100 (15) 9.31*** 3% 49% 28% 19% 1% 
Processing Speed Index 97 82.8 (12.6) º 100 (15) 13.47*** 2% 37% 45% 15% 0% 

Vocabulary (scaled) 100 8.41 (3.31) 101 13.69 (2.82) 4.81*** 5%# 63%# 27%# 5%# 0%# 
Arithmetic (scaled) 100 7.02 (3.04) º 10 (3) 9.78*** 0% 52% 31% 16% 1% 
Digit Span (scaled) 100 8.37 (2.56) º 10 (3) 6.37*** 5% 74% 18% 3% 0% 

Letter-Number Sequencing (scaled) 96 7.34 (3.24) º 10 (3) 8.02*** 3% 56% 28% 9% 3% 
Coding (scaled) 100 6.28 (2.30) º 10 (3) 16.20*** 0% 35% 56% 9% 0% 

Symbol Search (scaled) 97 7.17 (3.06) º 10 (3) 9.10*** 4% 55% 30% 8% 3% 
Digit Span Forward (raw) 100 5.80 (1.32) ~ 6.61 (1.35) 6.15*** 13% 37% 47% 3% 0% 

Digit Span Backward (raw) 100 4.43 (1.26) ~ 4.87 (1.44) 3.50** 7% 69% 24% 0% 0% 
Coding – Copy (raw) 99 101.3 (25.3) ~ 123 (n/r) 8.56*** - - - - - 

Spatial Span           
Total Spatial Span (scaled) 93 7.96 (2.77) º 10 (3) 7.10*** 2% 67% 27% 2% 2% 

Spatial Span Forward (scaled) 94 7.62 (2.56) º 10 (3) 9.03*** 2% 61% 34% 2% 1% 
Spatial Span Backward (scaled) 93 8.78 (3.08) º 10 (3) 3.80*** 2% 75% 15% 8% 0% 

Spatial Span Forward (raw) 94 7.09 (1.81) n/r n/r (n/r) - - - - - - 
Spatial Span Backward (raw) 93 6.58 (2.18) n/r n/r (n/r) - - - - - - 

Antisaccade Task           
% Correct 87 52.1 (25.4) 99 80.8 (18.8) 8.66*** 0% 41% 20% 26% 13% 

% Antisaccade errors 87 47.9 (25.4) 99 19.2 (18.8) 8.66*** 0% 41% 20% 26% 13% 
^norms taken from Mitrushina, Boone and D’Elia (1999)        ºnorms taken from the age-matched WAIS-III standardisation sample (Wechsler, 1997) 
#Comparisons made with reference to the age-matched WAIS-III standardisation sample (Wechsler, 1997), not the current neurologically-intact cohort  ~ Norms taken from the mean of 34 year-old standardisation sample from the WAIS-III (Wechsler, 1997) 
n/r no available normative data         @ Norms taken from Nelson (1976) 
**p<0.01, ***p<0.001 
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Determining the Structure of Measures of Attentional Performance 

 

The battery of neuropsychological tests employed in this study were selected with the a 

priori intention that they would tap the six domains identified by Cohen (1993) in his 

review of the neuropsychology of attention, with the view that these would be used as 

dependent measures in subsequent parts of the investigation. The selection of tests was 

made on the basis of both Cohen’s (1992) text and an array of other literature (for 

example, Allen et al., 1997; Golden et al., 2000; Lezak, 1995; Mirsky et al., 1991; Spreen 

& Strauss, 1998; Shum et al., 1990; and van Zomeren & Brouwer, 1992). These tests, and 

the domains of attention they were assumed to reflect (with reference to Cohen, 1993) 

are summarised in Table 50. Where possible, multiple tests were selected as potential 

measures for each domain. The rationale for this is based in clinical neuropsychological 

assessment practice, where redundancy in testing is a method recommended to avoid 

reaching false conclusions in relation to a particular aspect of functioning, based on 

spurious responses to extraneous testing variables such as: anxieties due to the modality 

of testing (for example, when assessing working memory using mathematical tests), poor 

effort due to a participant perceiving a task as being too simplistic for them, or other 

issues such as fatigue (Lezak, 1995; Golden et al., 2000). The difficulty caused by such an 

approach of using multiple neuropsychological tasks is that the ratio of variables to 

participants is reduced, both increasing the risk of statistical Type 1 error and rendering 

multivariate analyses impractical, given their requirement of five to ten times the number 

of participants to variables for the generation of reliable solutions (Jaeger et al., 2003; 

Tabachnick & Fidell, 1989). As such, data reduction techniques were necessary in order 

to apply the analyses required to answer the research questions under examination in the 

current study. 
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Table 50: Hypothesised groupings of neuropsychological tests according to the 
domains of attention identified by Cohen (1993)  
Domain of attention 
(after Cohen, 1993) 

Neuropsychological test assumed, a priori, to 
tap this domain 

Memory Capacity Digit Span - Backwards (WAIS-III) 
Spatial Span - Backwards (WMS-III) 
Arithmetic (WAIS-III) 
Letter-Number Sequencing (WAIS-III) 
 

Response Initiation and Inhibition Stroop task (interference) 
 

Processing speed Simple reaction time 
Digit symbol – Coding (WAIS-III) 
Digit Symbol – Copy (WAIS-III) 
Symbol Search (WAIS-III) 
 

Active Switching Modified Wisconsin card sort (perseverations) 
Antisaccade task (errors) 
Trail-Making Test (interference) 
 

Sustained Performance  Continuous performance task (d') 
 

Response Intention COWAT (phonemic fluency) 
Animal naming (semantic fluency) 
 

 
 
 

In order to take the most rational approach to the identification of domains of attention 

to be used as dependent measures in subsequent parts of the study, a multi-step process 

was adopted. All test variables were converted to standardized z-scores, and scores 

reversed where appropriate so that in all cases higher scores indicated superior 

performance. In the next step of the process, the validity of the division of these tests 

into the hypothesised six domains was examined using factor analysis. Due to the large 

number of test variables (15) in comparison to the number of subjects (100), analysis was 

conducted following a ‘blocked’ procedure (after Jaeger et al., 2003; Liu et al., 2002). In 

this approach, the test variables were divided into two ‘blocks’ where the tests within the 

domains most closely associated with each other were combined. Such decisions were 

based on the known associations from within the existing neuropsychological literature. 
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In this case, the tests selected as pertaining to the domains of processing speed, memory 

capacity, and sustained performance were examined within one ‘block’, and the tests 

selected for tapping the areas of active switching, response initiation and inhibition, and 

response intention were examined within the second block. Each of the blocks of test 

items were subjected to factor analysis, with the factor loadings used as a guide to the 

appropriate groupings of items. These blocks were deliberately selected to reflect broad 

related domains to allow the examination of potential overlap between these 

hypothesised domains, and the division of the 15 test items into smaller groupings 

maintained the ratio of cases to analysed variables at a more respectable level for the 

identification of robust solutions (e.g. Everitt & Dunn, 2001; Gorsuch, 1983).  

 

This approach is not without precedent in the literature (e.g. Jaeger et al., 2003), and is 

analogous to the ‘Blocked Principal Components’ technique proposed by Liu, Zhang, 

Gehan and Clarke (2002). This approach was designed for the analysis of large datasets, 

and has a three step process: firstly grouping the original item set into several ‘blocks’ of 

correlated variables; secondly, performing principal components analysis within each 

‘block’ to obtain a smaller number of variance-dominating principal components; and 

finally performing a second order analysis on the principal components derived from 

each block within the dataset. This technique was shown mathematically and practically 

to be as efficient as an ordinary approach principal component analysis of the same data 

in terms of dimension reduction and variable selection (Liu et al., 2002). As the aim of 

the factor-analytic process in the current study was purely to guide the rational 

combination of test items, only the first two of these three steps were employed here.  

 

Examination of the first ‘block’ of scores, comprising the test items hypothesised to 

reflect the domains of processing speed, memory capacity, and sustained performance 
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indicated that the data could be appropriately examined using factor analytic techniques, 

with a Kaiser-Meyer-Olkin measure of sampling adequacy of 0.87 and a significant value 

for the Bartlett test of sphericity (χ2(36)=459.0, p<0.001). Factor extraction using the 

Alpha Factoring technique identified two factors with eigenvalues greater than unity, 

accounting for 69.7% of the variance in the items. Cattell’s criterion supported the 

extraction of two factors. The resulting factor loadings were rotated using the oblique 

Oblimin approach as it was assumed that the domains of attention would be correlated. 

The two rotated factors were correlated at r=0.45. The rotated factor solution is 

displayed in Table 51, and appears to produce a moderately good fit to the data, with 

one-third of the residuals from the reproduced correlation matrix having absolute values 

greater than 0.05 but these non-redundant residuals were not restricted to any one item 

in particular. A similar factor structure was identified under both principal components 

techniques and other factor analytic procedures.   

 
Table 51: Obliquely-rotated Alpha Factor solution for the neuropsychological test 
items hypothesised to tap the domains of processing speed, attention span, and 
sustained performance 
Test Factor 1 Factor 2 

Digit Symbol – Copy (WAIS-III) (total number items copied) 0.62 -0.23 

Digit Symbol – Coding (WAIS-III) (total number items coded) 0.64 -0.40 

Symbol Search (WAIS-III) (raw score: total correct – total errors) 0.77 -0.20 

Simple reaction time – mean time to depress key (ms) 0.87 0.30 

Continuous Performance Task (d′ over 10 minutes) 0.45 -0.41 

Digit Span – Backward (WAIS-III) (longest span correctly recalled) -0.02 -0.66 

Spatial Span – Backward (WMS-III) (total score correct) 0.47 -0.30 

Arithmetic (WAIS-III) (raw score) -0.01 -0.85 

Letter-Number Sequencing (WAIS-III) (raw score) 0.38 -0.56 
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Examination of the resulting factor structure displayed in Table 51 indicates that the two 

identified factors largely represent two of the hypothesised domains, with the first factor 

largely reflecting the items thought to tap speed of information processing (Digit Symbol 

Copy, Symbol Search, simple reaction time) and the second factor having strong loadings 

of items requiring working memory such as Digit span, Arithmetic, and Letter-Number 

Sequencing. Reflecting the substantial correlation between these two factors, there were 

three items displaying complex loadings in this structure. Digit Symbol-Coding loads 

strongly (0.64) on the first (processing speed) factor but also has noteworthy loadings 

(0.40) on the second (working memory) factor. This shared loading is understandable 

given the nature of the task: while a recent examination using neurologically intact 

individuals suggested that processing speed, as indexed by Digit Symbol Copy, explained 

35% of the task’s variance, and memory only explaining 4-5% of variance (Joy, Fein & 

Kaplan, 2003), it may be the working memory demands of this task were greater in this 

clinical group, which overall were experiencing a number of cognitive deficits. The 

continuous performance task sensitivity index (d′) loaded almost equally on both working 

memory and processing speed factors (Table 51). This was anticipated given that the task 

was specifically designed to, and has been shown to, impose a substantial burden on 

working memory (Cornblatt et al., 1988; Straube, Bischoff, Nisch, Sauer & Volz, 2002), 

and careful examination of the components of the task has suggested that difficulties 

with rapid encoding of information (speed of information processing) may underline 

much of the difficulties that groups with diagnoses of schizophrenia may have with 

versions of this task (Elevag, Weinberger, Suter & Goldberg, 2000).  

 

Shum (et al., 1990), in their factor analysis of neuropsychological tests tapping attention, 

found that a verbal working memory task (Digit Span) and a visuo-spatial working 

memory task (Knox cube, a variant of the Symbol Search task employed here) combined 
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into a single factor, distinct from a factor tapping tests of processing speed such as Digit 

Symbol-Coding. Guided by this finding, it was anticipated that a similar result would 

occur here. However, the Spatial Span task had complex loadings across both the 

identified factors in this analysis (Table 51), with loadings somewhat stronger for the 

processing speed factor in comparison to the working memory factor. This unanticipated 

result can be reconciled by considering these tasks in light of Baddeley and Hitch’s (1974) 

well examined multicomponent model of working memory, which posits distinct 

visuospatial (‘visuo-spatial sketchpad’) and verbal (‘phonological loop’) systems within 

working memory. The Corsi Span task (upon which the Spatial Span task employed here 

is based) has been shown to be associated with the ‘visuo-spatial sketchpad’, while tasks 

such as Digit Span are associated with the independent ‘phonological loop’ component 

of working memory (Baddeley, 2002). As such, this model would predict only a limited 

association between the Spatial Span task and other measures of working memory 

employed here, all of which tap the ‘phonological loop’, a finding that has been 

supported in both neurologically intact individuals (Shah & Miyake, 1996) and those with 

a diagnosis of schizophrenia (Park & Holzman, 1992; Salame, Danion, Peretti & Cuervo, 

1998). Moreover, to the extent that tests such as Symbol Search and Digit Symbol-

Coding require the brief holding of visual information in working memory (e.g. Joy et al., 

2003), it could be understood that this would require use of the ‘visuo-spatial sketchpad’, 

and hence there would be some relationship between these tasks and Spatial Span, which 

requires the more direct use of the ‘visuo-spatial sketchpad’. This relationship has been 

identified recently (Pukrop et al., 2003) in a factor analysis of tasks similar to the battery 

employed here among individuals with a diagnosis of schizophrenia, where a test of 

spatial working memory had complex loadings with a factor including the Digit Symbol-

Coding Task, as well as a factor relating to verbal working memory (Letter-Number 

Sequencing). It may be that Shum’s (et al., 1990) use of orthogonal rotation of factors 
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(which assumes independence between extracted components) may have served to 

underestimate the relationship of their Spatial Span-type task to both tests of verbal 

working memory (or, the ‘phonological loop’) and visuo-motor speed (Digit Symbol-

Coding).  

 

When the factor analysis was performed again with the three complex variables removed 

(Spatial Span, Digit Symbol-Coding and the Continuous Performance Task sensitivity 

index), a two-factor structure again emerged with eigenvalues greater than unity, 

explaining 74.2% of the variance within the item set, and produced very similar factor 

loadings. This factor structure reproduced the original correlation matrix extremely well, 

with no residuals greater than 0.05.  

 

Given that this factor analysis process aimed to identify groups of tests that reflected a 

common dimension of attention, the two groups of three uniquely loading items were 

examined for internal consistency using reliability statistics. The three items reflecting 

‘processing speed’: Digit Symbol-Copy, Symbol Search, and Simple Reaction Time, when 

combined, produced an acceptable Cronbach coefficient alpha value of 0.80, with all 

three items closely correlating (mean inter-item correlation r=0.57, range r=0.49-0.69) 

and the scale resulting from the combination of these three items reflected the variance 

of each contributing test well (item-total correlations range r=0.56-0.72; squared multiple 

correlations 0.32-0.53). Similar results were produced for the combination of the three 

items loading uniquely on the second ‘memory capacity’ factor (Digit Span-Backward, 

Arithmetic, and Letter-Number Sequencing) producing an acceptable Cronbach 

coefficient alpha for their combination (0.78), due to strong inter-item correlations 

(average r=0.55, range r=0.49-0.63), and the resultant scale reflected the variance of the 
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contributing items well (item-total correlations r=0.56-0.66; squared multiple correlations 

r=0.31-0.45).  

 

Given these findings, scale scores were produced for each individual for ‘processing 

speed’, being their mean standard score across each of the tasks of Digit Symbol-Copy, 

Symbol Search, and Simple Reaction Time, and for ‘memory capacity’, being the mean of 

the individual’s standard score for the tasks of Digit Span Backwards, Arithmetic, and 

Letter-Number Sequencing. Despite the identified relationship between the Continuous 

Performance Task sensitivity index and both of these domains, performance on this 

index was retained as a measure of sustained attention, given the long history of use of 

this measure in schizophrenia research (see Cornblatt & Kellp, 1994 for a review).  

 

Analysis of the second block of test items was more straightforward. These items were 

hypothesised to reflect the domains of response initiation and inhibition, active 

switching, and response intention. Both the Kaiser-Meyer-Olkin measure of sampling 

adequacy (0.70) and the Bartlett test of sphericity (rejecting the assumption that the item 

correlation matrix was an identity matrix: χ2(15)=89.0, p<0.001) suggest that factor 

analysis of these six test measures was appropriate. Factor extraction using the Alpha 

Factoring technique identified two factors with eigenvalues greater than unity, accounting 

for 69.7% of the variance in the item set. The resulting factors were rotated using the 

oblique Oblimin approach as it was assumed that the domains of attention would be 

correlated, and the resultant factors were correlated at r=0.37. The rotated factor 

solution (Table 52) produced a relatively good fit to the data, with only three (20%) of 

the reproduced item correlations having residuals with absolute values greater than 0.05. 

Examination of the item loadings shows that the Modified Wisconsin Card Sort, 

Antisaccade Task, the COWAT and Animal naming tasks all load uniquely on the first 
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factor, where all items share the requirement of cognitive flexibility. Interference from 

the Trail-Making task comprised the sole loading on the second item, with interference 

on the Stroop task, which was hypothesised to tap the same aspect of attention as the 

Trail Making Task, not loading on either of the two factors. The poor relationship 

between the Stroop and Trail Making Task was further supported by the finding that 

forcing a three-factor solution increased the explained item variance to 72.3% and 

divided these two tasks onto different factors.  

 

 
Table 52: Obliquely-rotated Alpha Factor solution for the neuropsychological test 
items hypothesised to tap the domains of selective attention, switching of 
attention, and response planning 
Test Factor 1 Factor 2

Stroop task – interference score (colour words – dots)/(dots) 0.13 -0.21 

Trail Making Task – interference score (Trails B – Trails A)/Trails A 0.06 0.58 

Modified Wisconsin Card Sort (% perseverative errors) 0.47 -0.16 

Antisaccade task (% disinhibitive errors) 0.68 0.12 

COWAT task (raw number of words correctly produced) 0.83 0.09 

Animal naming task (raw number of names correctly produced) 0.56 -0.26 

 
 

 

The items loading on each of these two factors were examined for internal consistency. 

The test items loading on the first factor (reflecting the cognitive flexibility component of 

attention) produced an acceptable Cronbach coefficient alpha value (0.76), with 

moderate correlations between all items (average correlation r=0.44, range r=0.35-0.59) 

and the scale resulting from the combination of these items reflecting the variance of 

each contributing test item well (range 0.49-0.66). Given this, scale scores were produced 

for each individual for ‘flexibility’, being their mean standard score across each of these 

four tasks. Since the factor structure suggested that the Stroop and Trail Making Test 
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interference scores did not share factor loadings with these other measures, or with each 

other (only correlated at r=0.13), it was decided to retain the Stroop interference score as 

the measure of the domain of response initiation and inhibition. This decision was taken 

because there have been suggestions that the Trail Making Test interference score may 

not adequately remove variance due to motor speed or visual search, due to 

inconsistencies between the A and B components of the task (Gaudino, Geisler & 

Squires, 1995). Additionally, there exists a more substantial body of work within 

schizophrenia research in regard to Stroop task interference deficits than there does for 

the Trail Making Test (see, for example Perlstein, Carter, Barch & Baird, 1998).  

 

Henceforth, for simplicity, the composite attentional variables will be labelled as follows: 

‘processing speed’ (Digit Symbol – Copy, Symbol Search, Simple Reaction Time) as 

‘speed’; ‘memory capacity’ (Digit Span- Backwards, Arithmetic and Letter-Number 

Sequencing) as ‘span’; ‘sustained attention’ (Continuous Performance Task sensitivity) as 

‘sustain’; ‘response initiation and inhibition’ (Stroop Task interference) as ‘focus’; and the 

combination of MWCST perseveration, Antisaccade errors, COWAT and Animal 

naming as ‘flexibility’.  
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Constructing Comparison Symptom Models 

 

In order to determine the usefulness of the eleven-dimensional model of symptoms 

identified in the first phase of this study, it was necessary to produce models to compare 

this against. In the first instance, symptom groupings according to the three-factor and 

five-factor models that have been repeatedly identified in the literature were developed. 

As there have been slight inconsistencies between studies as to the placement of 

individual symptom items on to each of these factors, the largest and most representative 

studies in relation to each model were used to guide decisions as to where symptoms 

were most appropriately placed. For the three-factor model, the items from the SANS 

and SAPS were grouped into factors according to the model emerging from the meta-

analysis of Greube, Bilder and Goldman (1998), with the exception that the item 

‘inappropriate affect’ was removed from the ‘negative’ grouping and treated as part of 

the ‘disorganised’ factor, as suggested by recent work by the authors of the scales 

(Andreasen et al., 1995: Table 53). This symptom structure has emerged in multiple 

studies, and examination of the reliability statistics for such groupings on the basis of the 

current sample indicates acceptable overall reliabilities for these combinations (Cronbach 

coefficient alpha ranging between 0.70 and 0.85 for the three groupings). However, as 

noted by Stuart (et al., 1999), these factors are clearly combining items that are poorly 

correlated, as indicated by the wide range of inter-item correlations, with some combined 

symptoms being inversely correlated (Table 53).  

 

A five-dimensional model of symptoms has most commonly emerged from the PANSS, 

and the model determined by the largest study in the literature currently (a multi-site 

investigation including data from 616 participants) which used careful procedures was 

used to guide the grouping of PANSS items (White et al., 1997). As this model was silent 



 375

with respect to the treatment of five of the PANSS items (conceptual disorganisation, 

suspiciousness, disorientation, lack of insight, and active social avoidance), loadings for 

these items were based on the model identified in Lindenmeyer, Grochowski and Hyman 

(1995), from 517 inpatients. Due to its multifactorial nature, the item ‘lack of insight’ 

remained excluded from this model, and due to small loadings in the White (et al., 1997) 

model, the item ‘mannerisms and posturing’ was placed on the cognitive disturbance 

dimension to be consistent with both the Lindenmeyer (et al., 1995) structure and the 

majority of the other models developed using the PANSS (see Table 10). Similar to the 

findings for the three-dimensional model, while this model has been identified in 

multiple factor-analytic studies of the PANSS in the literature, and in different countries 

and cultures, reliability statistics for these groupings from the current cohort did not 

strongly support these groupings. Only the ‘negative’ symptom grouping achieved an 

acceptable Cronbach coefficient alpha (0.83), with the other groupings ranging between 

0.47 and 0.64 (Table 54), and other indices indicated both that poorly correlated items 

were being combined and that the individual variance of some of the combined items 

were not well represented by the resultant scale (Table 54).  
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Table 53: Three factor model using items from the SANS and SAPS. Symptom 
grouping based on Greube, Bilder and Goldman (1998) and Andreasen, Arndt, 
Alliger, Miller and Flaum (1995).   
Factor Items Reliability Statistics 

Positive 

Auditory hallucinations 
Voices commenting 
Voices conversing 
Somatic or tactile hallucinations 
Olfactory hallucinations 
Visual hallucinations 
Persecutory delusions 
Delusions of jealousy* 
Delusions of guilt or sin* 
Grandiose delusions 
Religious delusions 
Somatic delusions 
Delusions of reference 
Delusions of being controlled 
Delusions of mind reading 
Thought broadcasting 
Thought insertion 
Thought withdrawal 

Cronbach’s Alpha^ = 0.80 
 
Mean inter-item correlation = 0.18 
 
Range of inter-item correlations = -0.18-0.83 
 
Range of item-total correlations = -0.05-0.60 
 
Range of squared multiple correlations = 0.11-0.61 

Disorganised 

Bizarre clothing and appearance 
Bizarre social and sexual behaviour 
Aggressive and agitated behaviour 
Repetitive or stereotyped behaviour* 
Derailment 
Tangentiality 
Incoherence 
Illogicality 
Circumstantiality 
Pressure of speech 
Distractible speech 
Clanging 
Inappropriate affect* 

Cronbach’s Alpha^ = 0.70 
 
Mean inter-item correlation = 0.15 
 
Range of inter-item correlations = -0.20-0.69 
 
Range of item-total correlations = -0.09-0.55 
 
Range of squared multiple correlations = 0.13-0.57 

Negative 

Unchanging facial expression 
Decreased spontaneous movements 
Paucity of expressive gestures 
Poor eye contact 
Affective non-responsitivity 
Lack of vocal inflections 
Poverty of speech 
Poverty of content of speech* 
Blocking 
Increased latency of response 
Grooming and hygiene 
Impersistance at work or school 
Physical anergia 
Recreational interests and activities 
Sexual interest and activity 
Ability to feel intimacy and closeness 
Relationships with friends or peers 
Social inattentiveness 
Inattentiveness during mental status 
testing* 

Cronbach’s Alpha^ = 0.85 
 
Mean inter-item correlation = 0.23 
 
Range of inter-item correlations = -0.11-0.69 
 
Range of item-total correlations = 0.12-0.63 
 
Range of squared multiple correlations = 0.20-0.66 

^(based on standardised items) 
*indicates that alpha would increase if this item was removed from the group 
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Table 54: Five factor model using items from the PANSS. Symptom grouping 
based on White, Harvey, Lindenmeyer and the PANSS Study Group (1997) and 
Lindenmeyer, Grochowski and Hyman (1995).  
Factor Items Reliability Statistics 

Positive 

Delusions 
Hallucinatory behaviour 
Grandiosity* 
Suspiciousness* 
Unusual thought content 

Cronbach’s Alpha^ = 0.64 
Mean inter-item correlation = 0.26 
Range of inter-item correlations = -0.04-0.59 
Range of item-total correlations = 0.20-0.66 
Range of squared multiple correlations = 0.14-0.50 

Cognitive 
disturbance 

Conceptual disorganisation 
Stereotyped thinking 
Mannerisms and posturing 
Disorientation 
Poor attention 
Disturbance of volition* 
Preoccupation* 
Difficulty in abstract thinking 

Cronbach’s Alpha^ = 0.60 
Mean inter-item correlation = 0.16 
Range of inter-item correlations = -0.11-0.64 
Range of item-total correlations = 0.15-0.45 
Range of squared multiple correlations = 0.11-0.29 

Excitement 

Excitement* 
Hostility 
Uncooperativeness 
Poor impulse control 

Cronbach’s Alpha^ = 0.47 
Mean inter-item correlation = 0.18 
Range of inter-item correlations = -0.10-0.44 
Range of item-total correlations = 0.08-0.44 
Range of squared multiple correlations = 0.07-0.29 

Negative 

Blunted affect 
Emotional withdrawal 
Poor rapport 
Passive/apathetic social withdrawal 
Lack of spontaneity/flow of conversation 
Motor retardation 
Active social avoidance* 

Cronbach’s Alpha^ = 0.83 
Mean inter-item correlation = 0.13 
Range of inter-item correlations = 0.13-0.69 
Range of item-total correlations = 0.24-0.78 
Range of squared multiple correlations = 0.08-0.68 

Mood 

Somatic concern* 
Anxiety 
Guilt feelings 
Tension 
Depression 

Cronbach’s Alpha^ = 0.54 
Mean inter-item correlation = 0.19 
Range of inter-item correlations = -0.12-0.44 
Range of item-total correlations = 0.06-0.52 
Range of squared multiple correlations = 0.08-0.32 

^(based on standardised items) 
*indicates that coefficient alpha would increase if this item was removed from the group 
 
 

 

The next stage in the process was to construct three- and five- dimensional symptom 

models that contained all the symptom items used in the eleven- dimensional model 

identified in the first phase of the study, and remained compatible with the scale-specific 

models identified in the literature (e.g. Table 53 & 54). Ensuring that only the items 

included in the eleven-dimensional model are included in the three- and five- 

dimensional models allows a less biased comparison than would be provided through the 

use of scale-specific models (Table 53 & 54) as these contain items that were excluded 

during the development of the eleven- dimensional model due to unreliability, 

multidimensionality or poor base rates. Moreover, such models will allow a very direct 
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comparison between the models, as the sources of variance (the symptom items) will be 

exactly the same under all models, with the only difference being due to the different 

combination of symptoms between models. As a first step towards this aim, correlations 

between individual symptom items and the dimensional models that they did not 

contribute to (correlating the items from the PANSS and BPRS-E with the dimensional 

model based on the SANS and SAPS, and vice-versa) were conducted (Table 55 & 57) 

 

Construction of a model aligning PANSS and BPRS-E items with the three dimensions 

resulting from factor analytic work on the SANS and SAPS was relatively 

straightforward. Of the thirteen PANSS and BPRS-E items used in the eleven 

dimensional model (all other items were not included due to low base rates, duplication, 

unreliability or content issues as discussed in the earlier component of this study), eight 

shared significant correlations (p<0.01) with only one of the three dimensions, with each 

of these relationships being clinically sensible. PANSS and BPRS-E symptom items 

relating to mood disturbances (‘anxiety’, ‘depression’, and ‘suicidality’) were excluded 

from the three-dimensional model as such content was outside of the scope of the SANS 

and SAPS items (which were designed to reflect symptoms of schizophrenia exclusively) 

from which the three-dimensional model was originally constructed from. Only two 

PANSS items required more careful consideration in regard to their placement. Firstly, 

the item ‘guilt feelings’ did not correlate significantly with any of the three SANS and 

SAPS dimensions, however, it was placed on the ‘positive’ dimension due to its similar 

content to the SAPS item ‘delusions of guilt or sin’ which was a component of this 

dimension. The item ‘grandiosity’ shared noteworthy correlations (p<0.05) with all three 

dimensions, although correlated significantly (p<0.01) with only the ‘disorganised’ 

dimension. Despite this, it was placed on the ‘positive’ dimension for clinical consistency, 

due to its content overlap with the SAPS item ‘grandiose delusions’ which was a 
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component of the ‘positive’ dimension. These new combinations of items into the three 

groupings of ‘positive’, ‘negative’ and ‘disorganised’ dimensions are detailed in Table 56 

and retained Cronbach coefficient alpha values for each dimension similar to those for 

the original combination of SANS and SAPS items only.  
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Table 55: Pearson’s Product-Moment Correlations between the three-dimensional 
model based on items from the SANS and SAPS and the individual items of the 
PANSS and BPRS-E.  
PANSS and BPRS-E items Three dimensional model from the SANS and SAPS 

 Positive Disorganised Negative 
 
PANSS Positive Subscale    
Delusions^ 0.737*** 0.214* 0.001 
Conceptual Disorganisation^ -0.012 0.744*** 0.240* 
Hallucinatory Behaviour^ 0.684*** 0.104 0.009 
Excitement^ 0.032 0.353*** -0.235* 
Grandiosity  0.212* 0.290** -0.197* 
Suspiciousness/ Persecution  0.309** -0.017 0.035 
Hostility^ 0.222* 0.188 0.102 
 
PANSS Negative Subscale    
Blunted Affect^  0.033 -0.023 0.685*** 
Emotional Withdrawal  -0.117 0.133 0.749*** 
Poor Rapport^  -0.034 0.240* 0.508*** 
Passive/Apathetic Social Withdrawal  -0.108 -0.003 0.642*** 
Difficulty in Abstract Thinking  0.140 0.145 0.357*** 
Lack of Spontaneity and Flow of 
Conversation  -0.157 0.117 0.657*** 
Stereotyped Thinking^  0.038 0.157 0.236* 
 
PANSS General Subscale    
Somatic Concern^  0.352*** 0.111 0.211* 
Anxiety  0.128 -0.080 0.006 
Guilt Feelings  0.081 -0.121 -0.056 
Tension^  0.021 -0.065 0.130 
Mannerisms and Posturing^  0.000 0.357*** 0.293** 
Depression  0.270** 0.028 0.213* 
Motor Retardation  0.005 0.050 0.732*** 
Uncooperativeness^  0.022 0.106 0.099 
Unusual Thought Content^  0.557*** 0.345*** 0.056 
Disorientation  0.015 0.138 0.340** 
Poor Attention^  0.004 0.257* 0.330** 
Lack of Judgement and Insight^  0.219* 0.346*** 0.254* 
Disturbance of Volition^  -0.059 0.242* 0.200* 
Poor Impulse Control  0.124 0.356*** 0.146 
Preoccupation^  0.495*** 0.066 0.293** 
Active Social Avoidance^  0.279** -0.067 0.300** 
 
Expanded BPRS    
Suicidality  0.263** 0.079 0.049 
Self-Neglect^  0.090 0.182 0.333** 
Bizarre Behaviour^  0.054 0.432*** 0.073 
Elevated Mood^  -0.082 0.117 -0.176 
Motor Hyperactivity^  -0.091 0.361*** -0.222* 
Distractibility^  -0.133 0.383*** 0.037 
*p<0.05  **p<0.01  ***p<0.001  ^Symptom item is not included in the eleven dimensional model 
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Table 56: Three-factor symptom model, using items from the SANS, SAPS, 
PANSS, and BPRS-E consistent with the 11 dimension model 
Factor Original SANS & SAPS Items Cronbach 

alpha~ 
Parallel model using SANS, SAPS & PANSS 
items to be consistent with the 18 item model 

Cronbach 
alpha~ 

Positive Auditory hallucinations 
Voices commenting 
Voices conversing 
Somatic or tactile hallucinations 
Olfactory hallucinations 
Visual hallucinations 
Persecutory delusions 
Delusions of jealousy* 
Delusions of guilt or sin* 
Grandiose delusions 
Religious delusions 
Somatic delusions 
Delusions of reference 
Delusions of being controlled 
Delusions of mind reading 
Thought broadcasting 
Thought insertion 
Thought withdrawal 

 
0.80 

Auditory hallucinations (SAPS) 
Voices commenting (SAPS) 
Voices conversing (SAPS) 
Persecutory delusions (SAPS) 
Delusions of guilt or sin (SAPS)* 
Grandiose delusions (SAPS) 
Religious delusions (SAPS) 
Delusions of reference (SAPS) 
Delusions of being controlled (SAPS) 
Delusions of mind reading (SAPS) 
Thought broadcasting (SAPS)* 
Thought insertion (SAPS) 
Suspiciousness/persecution (PANSS)^ 
Grandiosity (PANSS)#* 
Guilt feelings (PANSS)#* 

 
0.75 

Disorganised Bizarre clothing and appearance 
Bizarre social and sexual behaviour 
Aggressive and agitated behaviour 
Repetitive or stereotyped behaviour* 
Derailment 
Tangentiality 
Incoherence 
Illogicality 
Circumstantiality 
Pressure of speech 
Distractible speech 
Clanging 
Inappropriate affect* 

 
0.70 

Bizarre social and sexual behaviour (SAPS) 
Aggressive and agitated behaviour (SAPS) 
Derailment (SAPS) 
Tangentiality (SAPS) 
Illogicality (SAPS) 
Circumstantiality (SAPS) 
Poor Impulse control (PANSS)^ 

 
0.72 

Negative Unchanging facial expression 
Decreased spontaneous movements 
Paucity of expressive gestures 
Poor eye contact 
Affective non-responsitivity 
Lack of vocal inflections 
Poverty of speech 
Poverty of content of speech* 
Blocking 
Increased latency of response 
Grooming and hygiene 
Impersistance at work or school 
Physical anergia 
Recreational interests and activities 
Sexual interest and activity 
Ability to feel intimacy and closeness 
Relationships with friends/peers 
Social inattentiveness 
Inattentiveness during MSE* 

 
0.85 

Unchanging facial expression (SANS) 
Decreased spontaneous movements (SANS) 
Paucity of expressive gestures (SANS) 
Affective non-responsitivity (SANS) 
Lack of vocal inflections (SANS) 
Poverty of speech (SANS) 
Poverty of content of speech (SANS)* 
Increased latency of response (SANS) 
Grooming and hygiene (SANS) 
Impersistance at work or school (SANS) 
Physical anergia (SANS) 
Recreational interests and activities (SANS) 
Ability to feel intimacy and closeness (SANS) 
Relationships with friends/peers (SANS) 
Inattentiveness during MSE (SANS)* 
Emotional withdrawal (PANSS)^ 
Passive/apathetic social withdrawal (PANSS)^ 
Difficulty in abstract reasoning (PANSS)^ 
Lack of spontaneity/flow of conversation 
(PANSS)^ 
Motor retardation (PANSS)^ 
Disorientation (PANSS)^ 

 
0.89 

~(based on standardised items) 
*indicates that alpha would increase if this item was removed from the cluster 
^item had highest or only significant correlation with this factor. All items correlated at p>0.01 with this factor 
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Alignment of the SANS and SAPS items with the five-dimensions emerging from studies 

of the PANSS items was also relatively uncontroversial. Of the 32 SANS and SAPS items 

requiring inclusion, 20 items shared significant correlations with only a single dimension 

(all correlations significant at p<0.01, with the exception of the item ‘thought 

broadcasting’, which only had a single noteworthy correlation at p<0.05: Table 57), and 

in each instance the alignment was clinically sensible. A further ten symptom items had 

significant correlations (p<0.01) with more than one dimension. In all instances, the 

correlation of the largest magnitude represented a clinically appropriate grouping and, as 

such, this was followed (Table 58). Only two items required a more detailed examination 

prior to alignment. The item ‘impersistance at work or school’ shared significant 

correlations with three dimensions equally, however it was placed with the ‘negative’ 

symptoms as all the other items from the SANS avolition subscale were placed on this 

factor. The item ‘circumstantiality’ had similar correlations with two factors (‘excitement’ 

and ‘negative’) but was placed on the ‘excitement’ factor as the item shares variance with 

pressure of speech, and there was no correlation with the other factor that would make 

clear clinical ‘sense’ for a loading (such as the ‘cognitive disturbance’ dimension).  

 

In the final step to symptom alignment, the BPRS-E item ‘suicidality’ which was included 

in the eleven dimensional model was examined for correlations with the five dimensions 

emerging from studies of the PANSS factor structure (Table 57). This had significant 

relationships with both the ‘excitement’ dimension (r=0.34, p<0.01) and the ‘mood’ 

dimension (r=0.55, p<0.001). Due to the relative strength of these relationships, clinical 

sense, and for consistency with the groupings identified in the eleven-dimensional item, it 

was decided to place this symptom within the ‘mood’ factor in the revised model.  
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Details of the items combined into the five dimensions are provided in Table 58. In each 

case, Cronbach coefficient alpha values for the new dimensions were superior (although 

not necessarily producing acceptable item-total reliability) to those for the model based 

solely on PANSS items (Table 58).  
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Table 57: Pearson’s Product-Moment Correlations between the five-dimensional 
model based on items from the PANSS and the individual items of the SANS and 
SAPS. 
SANS and SAPS items Five dimensional model from the PANSS 
  Positive Cognitive Excitement Negative Mood 
SANS – Blunting Subscale      
Unchanging Facial Expression  0.075 0.166 -0.097 0.536*** 0.127 
Decreased Spontaneous Movements  -0.055 0.136 -0.087 0.686*** -0.055 
Paucity of Expressive Gestures  -0.148 0.157 -0.103 0.686*** -0.066 
Poor Eye Contact^  -0.147 0.073 -0.155 0.393*** 0.241* 
Affective Responsivity  0.085 0.330** 0.057 0.627*** 0.147 
Inappropriate Affect^  0.141 0.108 0.150 0.159 -0.066 
lack of Vocal Inflections  0.034 0.204* -0.080 0.688*** 0.126 
SANS – Alogia Subscale      
Poverty of Speech  -0.189 0.347*** 0.045 0.630*** -0.092 
Poverty of Content of Speech  -0.071 0.398*** 0.128 0.190 -0.050 
Blocking^  0.065 0.303** 0.057 0.450*** 0.019 
Increased Latency of Response  0.011 0.421*** 0.002 0.602*** -0.001 
SANS – Avolition Subscale      
Grooming and Hygiene  0.036 0.279** 0.233* 0.324** 0.050 
Impersistence at work or school  -0.077 0.246* 0.130 0.233* 0.208* 
Physical Anergia  0.129 0.176 0.056 0.371*** 0.190 
SANS – Anhedonia Subscale      
recreational Interests and Activities  0.067 0.349*** 0.163 0.474*** 0.305** 
Sexual Interest and Activity^  -0.101 0.085 -0.151 0.322** 0.024 
Inability to feel Intimacy and Closeness  0.078 0.210* 0.015 0.516*** -0.005 
Relationships with Friends and Peers  -0.012 0.360*** 0.035 0.576*** 0.200* 
SANS – Attention Subscale      
Social inattentiveness^  0.094 0.571*** 0.038 0.405*** 0.101 
Inattentiveness During MSE  -0.054 0.486*** -0.030 0.095 0.018 
SAPS – Hallucinations Subscale      
Auditory Hallucinations  0.627*** 0.156 0.213* -0.054 0.188 
Voices Commenting  0.403*** -0.106 0.004 -0.049 0.135 
Voices Conversing  0.482*** 0.084 0.196* -0.016 0.321** 
Somatic or Tactile Hallucinations^  0.370*** 0.097 -0.124 0.140 0.111 
Olfactory Hallucinations^  0.389*** 0.263** 0.076 0.052 0.063 
Visual Hallucinations^  0.369*** 0.086 0.130 -0.027 0.049 
SAPS – Delusions Subscale      
Persecutory Delusions  0.499*** 0.206* 0.204* 0.100 0.294** 
Delusions of Jealousy^  0.118 -0.055 -0.013 0.093 0.155 
Delusions of Sin or Guilt  -0.063 -0.160 0.095 -0.152 0.386*** 
Grandiose Delusions  0.538*** 0.099 0.091 -0.064 -0.156 
Religious Delusions  0.454*** 0.106 0.128 -0.017 0.153 
Somatic Delusions^  0.422*** 0.170 0.026 -0.100 0.026 
Ideas and Delusions of Reference  0.480*** 0.081 0.139 0.045 0.278** 
Delusions of Being Controlled  0.338** -0.065 -0.052 -0.085 0.007 
Delusions of Mind Reading  0.302** -0.004 -0.153 -0.035 0.226* 
Thought Broadcasting  0.209* 0.129 0.116 -0.091 -0.063 
Thought Insertion  0.421*** 0.110 0.037 0.061 0.124 
Thought Withdrawal^  0.332** 0.167 0.188 -0.031 0.120 
SAPS – Bizarre Behaviour Subscale      
Clothing and Appearance^  0.073 0.396*** 0.091 0.197* -0.171 
Social and Sexual Behaviour  0.248* 0.306** 0.286** 0.125 -0.283** 
Aggressive and Agitated Behaviour  0.193 0.175 0.650*** 0.010 0.096 
Repetitive or Stereotyped Behaviour^  0.091 -0.089 0.092 0.026 0.158 
SAPS – Thought Disorder Subscale      
Loose Associations  0.073 0.450*** 0.178 -0.001 0.123 
Tangentiality  0.150 0.583*** 0.173 0.177 -0.111 
Incoherence^  0.114 0.254* -0.074 0.143 0.060 
Illogicality  0.283** 0.403*** 0.147 0.174 -0.168 
Circumstantiality  -0.023 0.059 0.221* -0.208* 0.060 
Pressure of Speech^  0.081 0.026 0.422*** -0.242* 0.165 
Distractible Speech^  0.089 0.089 0.238* -0.191 0.033 
Clanging^  0.203* 0.219* -0.002 0.006 -0.174 
BPRS-E      
Suicidality 0.159 0.060 0.338** -0.051 0.551*** 
*p<0.05  **p<0.01  ***p<0.001 
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Table 58: Five-factor symptom model, using items from the SANS, SAPS, PANSS, 
and BPRS-E consistent with the 11 dimension model  
Factor Items Cronbach 

alpha^ 
Parallel model using SANS, SAPS & PANSS 
items to be consistent with the 18 item model 

Cronbach 
alpha^ 

Positive Delusions 
Hallucinatory behaviour 
Grandiosity* 
Suspiciousness* 
Unusual thought content 

 
0.643 

Grandiosity (PANSS)* 
Suspiciousness (PANSS) 
Auditory hallucinations (SAPS)^ 
Voices commenting (SAPS)^ 
Voices conversing (SAPS)^ 
Persecutory delusions (SAPS)^ 
Grandiose delusions (SAPS)^ 
Religious delusions (SAPS)^ 
Ideas and delusions of reference (SAPS)^ 
Delusions of being controlled (SAPS)^ 
Delusions of mind reading (SAPS)^ 
Thought broadcasting (SAPS)^* 
Thought insertion (SAPS)^ 

 
0.77 

Cognitive 
disturbance 

Conceptual disorganisation 
Stereotyped thinking 
Mannerisms and posturing 
Disorientation 
Poor attention 
Disturbance of volition* 
Preoccupation* 
Difficulty in abstract thinking 

 
0.604 

Disorientation (PANSS) 
Difficulty in abstract thinking (PANSS) 
Poverty of content of speech (SANS)^ 
Inattentiveness during MSE (SANS)^* 
Social and sexual behaviour (SAPS)* 
Loose associations (SAPS)^ 
Tangentiality (SAPS)^ 
Illogicality (SAPS)^ 

 
0.72 

Excitement Excitement* 
Hostility 
Uncooperativeness 
Poor impulse control 

 
0.472 

Poor impulse control (PANSS) 
Aggressive and agitated behaviour (SAPS)^ 
Circumstantiality (SAPS)* 

 
0.55 

Negative Blunted affect 
Emotional withdrawal 
Poor rapport 
Passive/apathetic social withdrawal 
Lack of spontaneity/flow of conversation 
Motor retardation 
Active social avoidance* 

 
0.827 

Emotional withdrawal (PANSS) 
Passive/apathetic social withdrawal (PANSS) 
Lack of spontaneity/flow of conversation (PANSS) 
Motor retardation (PANSS) 
Unchanging facial expression (SANS)^ 
Decreased spontaneous movements (SANS)^ 
Paucity of expressive gestures (SANS)^ 
Affective responsitivity (SANS)^ 
Lack of vocal inflection (SANS)^ 
Poverty of speech (SANS)^ 
Increased latency of response (SANS)^ 
Grooming and hygiene (SANS)^* 
Impersistance at work or school (SANS)* 
Physical anergia (SANS)^ 
Recreational interests and activities (SANS)^ 
Inability to feel intimacy and closeness (SANS)^ 
Relationships with friends and peers (SANS)^ 

 
0.91 

Mood Somatic concern* 
Anxiety 
Guilt feelings* 
Tension 
Depression 

 
0.541 

Anxiety (PANSS) 
Guilt feelings (PANSS) 
Depression (PANSS) 
Delusions of sin or guilt (SAPS)^ 
Suicidality (BPRS-E) 

 
0.75 

^item had highest or only significant correlation with this factor. All items correlated at p>0.01 with this factor 
~(based on standardised items) 
*indicates that alpha would increase if this item was removed from the cluster 
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Examination of the Pearson correlations between the original dimensional groupings 

identified in the literature with those produced following the alignment process (Table 

59) suggests that the alignment process produced groupings analogous to the original 

dimensions. Comparison of the dimensions from within the original and parallel three 

dimensional model showed that these were highly similar, sharing correlation coefficients 

of 0.90 or above, and all highly significant (p<0.001). A similar conclusion can be made 

in relation to the original and parallel five dimensional model following the alignment 

process, with the exception that the respective correlation coefficients were not quite as 

strong (original and parallel dimensions achieving coefficients between 0.73 and 0.93), 

although they were all solidly significant (p<0.001).  

 

 
 
Table 59: Pearson correlations between original scale-specific three- and five- 
dimension models of schizophrenia and the derived models using items from the 
SANS, SAPS, PANSS and BPRS-E for consistency with the eleven dimensional 
model  
 Parallel Three Factor Model Parallel Five Factor Model 
 Original 
literature 
models Positive Disorganised Negative Positive Cognitive Excitement Negative Mood 
Positive 
(3 factor) 0.94*** 0.07 0.01 0.96*** 0.04 0.08 0.00 0.22* 
Disorganised 
(3 factor) 0.05 0.90*** 0.14 0.08 0.66*** 0.56*** 0.09 -0.06 
Negative 
(3 factor) -0.04 0.18 0.98*** -0.02 0.41*** 0.02 0.96*** 0.04 
Positive 
(5 factor) 0.82*** 0.25 -0.01 0.85*** 0.17 0.15 -0.03 0.11 
Cognitive 
(5 factor) 0.11 0.54*** 0.58*** 0.14 0.86*** 0.20* 0.42*** 0.00 
Excitement 
(5 factor) 0.23* 0.52*** 0.06 0.20* 0.22* 0.73*** 0.03 0.26 
Negative 
(5 factor) -0.05 0.11 0.90*** -0.03 0.26* -0.03 0.93*** -0.04 
Mood 
(5 factor) 0.37*** -0.04 0.09 0.27** -0.10 0.15 0.10 0.88***
*p<0.05  **p<0.01  ***p<0.001 
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Important for the interpretation of similarities and differences between the predictive 

ability of symptom dimensions under each of the models is the relationships between 

dimensions across models. Such relationships are displayed in Tables 60 and 61. In 

regard to the relationships between the three- and five- dimensional models, the 

‘positive’ and ‘negative’ groupings are largely retained, with the ‘disorganised’ grouping 

under the three-dimensional model split into ‘excitement’ and ‘cognitive’ factors under 

the five factor model. The ‘cognitive’ factor under the five-factor model also had a 

smaller but still noteworthy correlation with the three-factor ‘negative’ symptom 

grouping. Despite the three-factor model containing no symptom items directly 

reflecting affective disturbances (such as depression or anxiety), there was a small but 

significant correlation (r=0.35, p<0.001) between the ‘positive’ dimension under the 

three-factor model and the ‘mood’ dimension under the five-factor model, which would 

relate to the shared presence of mood-congruent delusions (delusions of guilt) under 

both models as well as the strong relationship between the items of paranoid thought 

and anxiety (see Figure 7).  

 

The relationships between the existing models and that identified in the current study are 

also displayed in Table 60 and 61. The eleven-dimension model represents clean 

subdivisions of the three-dimensional model: the three-dimensional ‘positive’ dimension 

is split into the five groupings of ‘grandiosity’, ‘auditory hallucinations’, loss of boundary 

delusions’, ‘paranoia’ and ‘anxious intropunitiveness’; the ‘disorganised’ grouping under 

the three-dimensional model is subdivided into dimensions of ‘hostility’, ‘conceptual 

disorganisation’ and ‘bizarre behaviour’; and finally, the three-factor dimension of 

‘negative’ symptoms is divided into three components under the eleven-dimensional 

model, of ‘cognitive dysfunction’, ‘social dysfunctions’ and ‘negative signs’. The 
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individual symptom items comprising each of these dimensions are detailed in Table 19 

and Figure 23 above.  

 

The relationship between symptom groupings under the five- and eleven- dimensional 

models is also relatively clean cut: the five-factor dimensions of ‘mood’ and ‘excitement’ 

map directly on to the groupings ‘anxious intropunitiveness’ and ‘hostility’ respectively 

under the eleven-dimension model; the ‘negative’ symptom grouping is divided into 

‘negative signs’ and its behavioural counterpart of ‘social dysfunctions’ under the more 

complex model; the five-factor grouping of ‘cognitive’ symptoms is further refined into 

‘conceptual disorganisation’, ‘bizarre behaviour’ and ‘cognitive dysfunction’ dimensions 

under the eleven-factor model; and finally, the broad ‘positive’ symptom grouping in the 

five-factor model is dissected into four components in the eleven-factor model of 

‘paranoia’, ‘grandiosity’, ‘auditory hallucinations’ and ‘loss of boundary delusions’ (Table 

61 and Figure 23).  

 
 
Table 60: Relationships between the adjusted three-factor model of 
symptomatology in schizophrenia and the eleven-factor model identified in the 
current study 
Three-Factor Model  Eleven-Factor Model 

 
Grandiosity (r=0.48***) 
Auditory Hallucinations (r=0.76***) 
Loss of boundary delusions (r=0.71***) 
Paranoia (r=0.53***) 

Positive 

Anxious intropunitiveness (r=0.37***) 
  

Hostility (r=0.56***) 
Conceptual disorganisation (r=0.86***) Disorganised 
Bizarre behaviour (r=0.51***) 

  
Cognitive dysfunction (r=0.48***) 
Social dysfunctions (r=0.83***) Negative 
Negative signs (r=0.87***) 
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Table 61: Relationships between the adjusted three- and five-factor model of 
symptomatology in schizophrenia and the eleven-factor model identified in the 
current study 
Three-Factor Model Five-Factor Model Eleven-Factor Model 

Anxious Intropunitiveness (r=1.00***) Mood (r=0.37***) (Paranoia: r=0.34***) 
  

Paranoia (r=0.51***) 
Grandiosity (r=0.49***) 
Auditory Hallucinations (r=0.78***) 

Positive 

Positive (r=0.98***) 

Loss of boundary delusions (r=0.75***) 
   

Hostility (r=0.89***) Excitement (r=0.71***) (Conceptual disorganisation: r=0.43***) 
  

Conceptual disorganisation (r=0.73***) 
Disorganised 

Cognitive (r=0.77***) Bizarre behaviour (r=0.37***) 
   

(Cognitive: r=0.46***) Cognitive dysfunction (r=0.78***) 
  

Social dysfunctions (r=0.86***) Negative 
Negative (r=0.98***) Negative signs (r=0.89***) 

   
 
 
 
 

Symptom Dimensions as Predictors of Domains of Attention 

The major aim of this component of the thesis was to determine whether the symptom 

groupings under any of the three-, five- or eleven- dimensional models of the 

symptomatology of schizophrenia would prove to be useful predictors of performance 

on any of the identified domains of attention. For each of the five domains of attention 

examined in the current study, a similar statistical approach was taken to examine this 

research question. Firstly, the distribution of scores for the dependent variable in 

question (the domain of attention) were examined for normality and transformed where 

appropriate, as this facilitates the data meeting the assumptions underlying the regression 

techniques employed subsequently. Secondly, a series of variables known to potentially 

relate to performance under each of these domains (age, duration of illness, years of 

education, degree of extrapyramidal symptoms, and the degree of medication with 
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antipsychotic, benzodiazepine or anticholinergic medications: Lezak, 1995) were 

examined for their relationship with the dependant measures. Third, stepwise linear 

regression analyses were conducted to determine whether symptom dimensions were 

useful predictors of performance on the target dependant measure. In each instance, any 

of the variables examined in the previous step that were notably correlated with the 

dependant measure (p<0.1) were forced into the regression equation prior to the 

stepwise inclusion of symptoms to ensure that the variance explained by symptoms 

would be distinct from, and beyond that, explained by any of these well recognised 

sources. Stepping criteria for the symptoms was p<0.05 for entry and p<0.10 for 

removal from the regression equations, and individual analyses were conducted for each 

of the three-, five- and eleven- dimension models. In each instance, the data was carefully 

examined to ensure that the assumptions underlying the regression technique were met: 

the residuals under the predicted model (the difference between the true score and the 

score predicted by the model) tested for normality, and residuals with absolute 

standardised values greater than 2.5 investigated to determine whether they had notable 

leverage on the regression model produced; multicollinearity issues were explicitly tested 

using tolerance values and the condition index; with issues of linearity between variables 

and homoscedasticity of residuals examined graphically. The results of correlational 

analyses (Pearson product-moment correlations, partial correlations removing the 

influence of other symptom groups within the model under examination, and power 

analyses) were also used to interpret the results of the regression analysis for each model. 

Significance of correlations was consistent across Pearson Product-Moment and 

Spearman Rank techniques and Pearson’s correlation values are reported here. Finally, 

where significant relationships between symptoms and components of attention were 

identified through regression, relationships between individual tests and the symptoms 

involved were examined in more detail to determine whether the relationship was 
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consistent across performance on all of the tests combined into each domain of 

attention.  

 

These results for each of the five domains of attention are discussed separately and in 

turn in the sections below.  

 

1. Speed 

To ensure the group of test scores labelled here as reflecting ‘speed’ (mean performance 

across Digit Symbol-Coding, Symbol Search and Simple Reaction Time) were distributed 

normally, data from one participant was excluded as their performance was more than 

2.5 standard deviations below the group mean when scores were standardised, and this 

case was adversely affecting the distribution for the whole group. With this case removed 

in all subsequent analyses, this variable was distributed normally: Kolmogorov-Smirnov 

statistic (97)=0.07, p=0.20; and performance on ‘speed’ was strongly correlated with 

three of the four other identified domains of attention (r=0.60, p<0.001 with ‘sustain’; 

r=0.47, p<0.01 with ‘span’; r=0.61, p<0.001 with ‘flexibility’ but just r=0.14, p>0.05 

with ‘focus’: Table 62). Examination of the relationships between this variable and the 

control measures (Table 62) showed moderate inverse relationships between ‘speed’ and 

the degree of extrapyramidal symptoms (as indexed by the Simpson & Angus, 1970 

scale), age and years of illness (r=0.31-0.51), while the duration of educational experience 

was positively related to performance on these tasks (r=0.31, p<0.01: Table 62). The 

inverse relationships are unsurprising given the heavy motor speed component within the 

three neuropsychological tests, and the known slowing of motor performance with 

advancing age (e.g. Lezak, 1995). Due to the strong positive correlation between the 

variables of age and duration of illness (Pearson’s r=0.84, p<0.001) only the measure of 
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duration of illness from this pair was employed as a control measure in subsequent 

analyses to avoid problems due to multicollinearity (Tabachnick & Fidell, 1989).  

 

Correlations using the symptom groupings within the three-factor model of 

symptomatology showed significant associations between the negative symptom group 

and the ‘speed’ domain of attention (r=-0.35, p<0.001) as well as for the disorganised 

symptom grouping and ‘speed’ (r=-0.29, p<0.01: Table 62). These relationships were 

present both within the ‘adjusted’ model comprising items from all four scales of 

symptomatology employed in the current study, and also with the original model using 

only items from the SANS and SAPS scales, with the latter producing slightly weaker 

correlation coefficients, suggesting that the predictive power of the ‘adjusted’ model had 

been improved by removing items that were unreliable or had a poor prevalence within 

the current clinical sample. Partial correlations, removing the variance attributable to 

other symptom groupings within the model indicated that only the negative symptom 

factor remained significantly associated with ‘speed’, while the relationship for the 

disorganised symptom group reduced to that of a trend after this process (Table 63). 

This was consistent across both the original literature models and the adjusted model. 

Power calculations for these correlations (Table 64) suggest that the correlations between 

the negative and disorganisation symptom groupings with the ‘speed’ variable had 

adequate power (>0.80) in the current sample. Additionally, they indicate that the 

correlation between the positive symptom group and the target attentional domain was 

so weak that a sample size greater than 1000 participants would be required to render this 

relationship statistically significant, suggesting that the lack of identification of a 

significant relationship was unlikely to be due to an inadequate sample size employed 

within the current study. 
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Table 62: Pearson product-moment correlations between identified domains of 
attention and symptoms under the three-, five- and eleven- factor models 
 Speed Sustain Span Focus Flexibility 
 
Domains of Attention      
Speed - 0.60*** 0.47*** 0.14 0.61*** 
Sustain 0.60*** - 0.63*** 0.18 0.52*** 
Span 0.47** 0.63*** - 0.13 0.66*** 
Focus 0.14 0.18 0.13 - 0.23* 
Flexibility 0.61*** 0.52*** 0.66*** 0.23* - 
Minimum N 88 87 89 87 87 
 
Control variables      
Sex -0.04 -0.09 -0.04 -0.14 0.20 
Age -0.43*** -0.28** -0.09 -0.05 -0.19 
Years of education 0.31** 0.43*** 0.55*** 0.17 0.40*** 
Years of Illness -0.51*** -0.33** -0.14 -0.08 -0.24* 
Chlorpromazine equivalents -0.12 -0.21* -0.18 -0.01 -0.15 
Benzodiazepine equivalents -0.05 -0.02 -0.12 0.05 -0.18 
Anticholinergic treatment  -0.04 -0.04 -0.06 -0.03 0.02 
Extrapyramidal Symptoms~ -0.31** -0.04 -0.12 -0.28** -0.18 
Minimum N 96 88 98 94 93 
 
Three-factor model      
Positive (original) 0.02 0.05 0.04 -0.06 0.00 
Disorganised (original) -0.22* -0.13 -0.11 -0.08 -0.23* 
Negative (original) -0.33** -0.25* -0.26** -0.22* -0.41*** 
Positive (adjusted) 0.07 0.02 0.03 0.02 0.02 
Disorganised (adjusted) -0.29** -0.17 -0.18 -0.08 -0.34** 
Negative (adjusted) -0.35*** -0.27* -0.30** -0.22* -0.46*** 
N 97 89 100 95 94 
 
Five-factor model      
Positive (original) 0.01 -0.06 -0.02 -0.01 -0.03 
Cognitive (original) -0.48*** -0.44*** -0.44*** -0.17 -0.40*** 
Excitement (original) -0.07 -0.18 -0.13 0.01 -0.15 
Negative (original) -0.25* -0.16 -0.13 -0.07 -0.30** 
Mood (original) 0.09 -0.03 -0.05 0.01 0.14 
Positive (adjusted) 0.06 0.02 0.04 -0.01 0.01 
Cognitive (adjusted) -0.40*** -0.35** -0.45*** -0.18 -0.44*** 
Excitement (adjusted) -0.18 -0.12 -0.12 0.05 -0.24* 
Negative (adjusted) -0.27** -0.16 -0.15 -0.19 -0.36*** 
Mood (adjusted) 0.14 -0.02 -0.03 0.04 0.14 
N 97 89 100 95 94 
 
Eleven-factor model      
Hostility -0.21* -0.18 -0.21* -0.01 -0.32** 
Conceptual disorganisation -0.24* -0.14 -0.11 -0.06 -0.22* 
Bizarre behaviour -0.19 -0.11 -0.08 -0.15 -0.23* 
Grandiosity 0.03 -0.01 0.02 0.06 0.05 
Auditory hallucinations 0.03 0.00 0.00 0.06 0.02 
Loss of boundary delusions 0.08 0.12 0.14 -0.16 0.03 
Paranoia -0.01 -0.13 -0.14 0.10 -0.11 
Anxious intropunitiveness 0.13 -0.02 -0.02 0.02 0.14 
Cognitive dysfunction -0.40*** -0.49*** -0.73*** -0.16 -0.52*** 
Social dysfunctions -0.25* -0.15 -0.17 -0.19 -0.35** 
Negative signs -0.22* -0.12 -0.09 -0.15 -0.28** 
N 97 89 100 95 94 
Notes: *p<0.05; **p<0.01; ***p<0.001; ~Degree of extrapyramidal symptoms as indexed by the Simpson and Angus (1970) Scale 
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Table 63: Partial correlations between identified domains of attention and 
symptoms under the three-, five- and eleven- factor models. Partial correlations 
remove the variance explained by other symptoms within the given model 
 Speed Sustain Span Focus Flexibility 
 
Three-factor model      
Positive (original) 0.04 0.06 0.06 -0.05 0.02 
Disorganised (original) -0.19 -0.10 -0.08 -0.04 -0.20 
Negative (original) -0.31** -0.23* -0.25* -0.21* -0.39*** 
Positive (adjusted) 0.07 0.01 0.02 0.01 0.01 
Disorganised (adjusted) -0.25* -0.13 -0.13 -0.04 -0.29** 
Negative (adjusted) -0.31** -0.24* -0.28** -0.21* -0.42*** 
 
Five-factor model      
Positive (original) 0.13 0.08 0.13 0.03 0.06 
Cognitive (original) -0.46*** -0.40*** -0.43*** -0.17 -0.33** 
Excitement (original) -0.02 -0.11 -0.05 0.04 -0.16 
Negative (original) -0.09 -0.01 0.04 -0.01 -0.20 
Mood (original) 0.16 0.04 0.00 0.02 0.25* 
Positive (adjusted) 0.04 0.03 0.05 -0.02 -0.01 
Cognitive (adjusted) -0.30** -0.32** -0.43*** -0.16 -0.31** 
Excitement (adjusted) -0.11 -0.01 0.03 0.10 -0.18 
Negative (adjusted) -0.20 -0.07 -0.03 -0.15 -0.31** 
Mood (adjusted) 0.08 -0.09 -0.15 -0.01 0.11 
 
Eleven-factor model      
Hostility -0.17 -0.10 -0.17 0.02 -0.30** 
Conceptual disorganisation -0.13 -0.03 0.06 0.02 -0.06 
Bizarre behaviour -0.06 -0.04 -0.01 -0.15 -0.07 
Grandiosity 0.03 -0.02 -0.02 0.06 0.05 
Auditory hallucinations -0.02 0.00 0.01 0.12 0.04 
Loss of boundary delusions 0.06 0.11 0.15 -0.23* 0.00 
Paranoia 0.03 -0.05 0.01 0.13 -0.07 
Anxious intropunitiveness 0.11 -0.03 -0.05 -0.06 0.21 
Cognitive dysfunction -0.31** -0.44*** -0.71*** -0.17 -0.44*** 
Social dysfunctions -0.12 -0.04 -0.06 -0.06 -0.23* 
Negative signs -0.04 0.02 0.13 -0.06 -0.01 
 
Eleven-factor model with ‘cognitive dysfunction’ dimension not considered 
Hostility -0.17 -0.11 -0.15 0.01 -0.29** 
Conceptual disorganisation -0.17 -0.10 -0.08 -0.01 -0.13 
Bizarre behaviour -0.04 -0.02 0.02 -0.14 -0.05 
Grandiosity 0.05 0.00 0.02 0.07 0.07 
Auditory hallucinations -0.04 -0.03 -0.04 0.10 0.01 
Loss of boundary delusions 0.09 0.15 0.18 -0.21* 0.04 
Paranoia -0.04 -0.13 -0.14 0.10 -0.15 
Anxious intropunitiveness 0.15 0.03 0.05 -0.03 0.24* 
Social dysfunctions -0.16 -0.11 -0.16 -0.08 -0.28** 
Negative signs -0.06 -0.02 0.04 -0.07 -0.04 
 
N 

 
97 

 
89 

 
100 

 
95 

 
94 

Notes: *p<0.05; **p<0.01; ***p<0.001; ~Degree of extrapyramidal symptoms as indexed by the Simpson and Angus (1970) Scale 
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Table 64: Power calculations for significant correlations at p=0.05 (two tailed), at 
power = 0.8, raw Pearson correlations (above) used as the population estimate 
(alternative hypothesis); r=0 set as null hypothesis 
 Speed Sustain Span Focus Flexibility 
 
Three-factor model      
Positive (original) >1000 >1000 >1000 >1000 >1000 
Disorganised (original) 160* 462 >500 >1000 146* 
Negative (original) 70** 124* 114** 160* 45*** 
Positive (adjusted) >1000 >1000 >1000 >1000 >1000 
Disorganised (adjusted) 91** 269 240 >1000 66** 
Negative (adjusted) 62*** 106* 85** 160* 35*** 
Present sample N 97 89 100 95 94 
 
Five-factor model      
Positive (original) >1000 >1000 >1000 >1000 >1000 
Cognitive (original) 32*** 39*** 39*** 269 47*** 
Excitement (original) >1000 240 462 >1000 346 
Negative (original) 124* 304 462 >1000 85** 
Mood (original) >1000 >1000 >1000 >1000 398 
Positive (adjusted) >1000 >1000 >1000 >1000 >1000 
Cognitive (adjusted) 47*** 62** 37*** 240 39*** 
Excitement (adjusted) 240 >500 >500 >1000 134* 
Negative (adjusted) 106** 304 346 215 59*** 
Mood (adjusted) 398 >1000 >1000 >1000 398 
Present sample N 97 89 100 95 94 
 
Eleven-factor model      
Hostility 176* 240 176* >1000 75** 
Conceptual disorganisation 134* 398 >500 >1000 160* 
Bizarre behaviour 215 >500 >1000 346 146* 
Grandiosity >1000 >1000 >1000 >1000 >1000 
Auditory hallucinations >1000 >1000 >1000 >1000 >1000 
Loss of boundary delusions >1000 >500 398 304 >1000 
Paranoia >1000 462 398 >500 >500 
Anxious intropunitiveness 462 >1000 >1000 >1000 398 
Cognitive dysfunction 47*** 31*** 13*** 304 27*** 
Social dysfunctions 124* 346 269 215 62** 
Negative signs 160* >500 >1000 346 98** 
Present sample N 97 89 100 95 94 
Notes: *p<0.05; **p<0.01; ***p<0.001 
 



 396

Table 65: Summary of stepwise multiple regression analyses predicting 
performance on five domains of attention from symptom dimensions under the 
three-, five- and eleven- factor models of the symptomatology of schizophrenia. 
Standardised beta coefficients are displayed in bold if a significant predictor (p<0.05), in italics if non-significant 
(p>0.10) and in plain text if a trend (p<0.1) 

 Speed Sustain Span Focus Flexibility 
Three-dimension model  (model 1) 
Years of education 0.213** 0.349*** 0.515*** n/a n/a 
Years of Illness -0.484*** -0.262** n/a n/a -0.193* 
Chlorpromazine equivalents n/a -0.078 -0.063 n/a -0.048 
Extrapyramidal Symptoms~ -0.048 n/a n/a -0.277** n/a 
Positive (0.076) (0.062) (0.137) (0.031) (-0.011) 
Disorganised (-0.139) (-0.038) (-0.078) (-0.064) -0.249** 
Negative -0.338*** -0.222* -0.239** (-0.171) -0.431*** 

F 18.293 9.488 18.560 7.638 11.212 
P <0.001 <0.001 <0.001 0.007 <0.001 

SE of Estimate 0.616 0.037 0.675 0.115 0.617 
r 0.668 0.558 0.606 0.277 0.579 

Adjusted R2 0.421 0.278 0.367 0.077 0.309 
Five-dimension model  (model 2) 
Years of education 0.208** 0.327** 0.471*** n/a n/a 
Years of Illness -0.442*** -0.208* n/a n/a -0.187* 
Chlorpromazine equivalents n/a -0.110 -0.076 n/a -0.060 
Extrapyramidal Symptoms~ -0.050 n/a n/a -0.277** n/a 
Positive (0.072) (0.074) (0.138) (0.013) (-0.022) 
Cognitive -0.255** -0.234* -0.345*** (-0.158) -0.365*** 
Excitement (-0.055) (0.036) (0.050) (0.050) (-0.125) 
Negative -0.230** (-0.119) (-0.055) (-0.149) -0.302** 
Mood (-0.020) (-0.084) (-0.080) (0.024) (0.039) 

F 15.940 9.579 23.755 7.638 10.621 
P <0.001 <0.001 <0.001 0.007 <0.001 

SE of Estimate 0.606 0.036 0.643 0.115 0.623 
r 0.685 0.560 0.653 0.277 0.568 

Adjusted R2 0.440 0.281 0.408 0.077 0.293 
Eleven-dimension model (model 3) 
Years of education 0.113 0.202* 0.304*** n/a n/a 
Years of Illness -0.510*** -0.263** n/a n/a -0.218** 
Chlorpromazine equivalents n/a -0.088 -0.076 n/a -0.065 
Extrapyramidal Symptoms~ -0.045 n/a n/a -0.277** n/a 
Hostility (-0.128) (-0.044) (-0.073) (-0.003) -0.296*** 
Conceptual disorganisation (-0.088) (0.022) (0.020) (-0.066) (-0.051) 
Bizarre behaviour (-0.106) (-0.056) (-0.048) (-0.108) (-0.067) 
Grandiosity (-0.066) (-0.047) (-0.041) (0.073) (0.013) 
Auditory hallucinations (0.044) (0.029) (0.017) (0.067) (0.028) 
Loss of boundary delusions (0.101) (0.114) 0.157* (-0.132) (0.002) 
Paranoia (0.097) (0.033) (0.027) (0.086) (0.012) 
Anxious intropunitiveness (-0.015) (-0.079) (-0.055) (0.015) 0.175* 
Cognitive dysfunction -0.333*** -0.375*** -0.572*** (-0.117) -0.446*** 
Social dysfunctions (-0.103) (-0.067) (-0.019) (-0.132) -0.246** 
Negative signs -0.181* (-0.062) (0.042) (-0.124) (-0.035) 

F 16.683 12.554 38.515 7.638 14.539 
P  <0.001 <0.001 <0.001 0.007 <0.001 

SE of Estimate 0.599 0.035 0.527 0.115 0.541 
r 0.694 0.612 0.786 0.277 0.708 

 Adjusted R2 0.452 0.344 0.603 0.077 0.466 
Comparing predictions under different symptom models 

Model 1 vs. 2  (t-value) -0.787 -0.051 -1.183 0.000 0.450 
Model 1 vs. 3 (t-value) -0.999 -1.209 -4.284*** 0.000 -2.784** 
Model 2 vs. 3 (t-value) -0.363 -1.414 -3.485*** 0.000 -2.923** 

Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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The regression model for the prediction of ‘speed’ performance entered the extent of 

negative symptoms under the three-factor model as a significant predictor beyond the 

control variables of years of illness, degree of extrapyramidal symptoms experienced, and 

the extent of a participant’s education (Table 65). This regression model was clearly 

useful in the prediction of ‘speed’: F(4, 91)=18.29, p<0.001, and all data assumptions for 

the reliable calculation of regression statistics were met (tolerance values were acceptable 

for each of the included predictors: range 0.84-0.96; residuals were normally distributed: 

Kolmogorov-Smirnov statistic (96) = 0.08, p=0.14 and appeared homoscedastic, and all 

were within an absolute standardised range of 2.5; and each predictor appeared linearly 

related to the dependant measure). The inclusion of negative symptoms into the model 

explained an additional 10.2% of variance in ‘speed’ over the 31.9% explained by the 

control variables (based on standardised R2 vales: Table 65). If a more liberal entry 

criteria was used in the stepwise analysis (p<0.1 for entry) then disorganised symptoms 

would enter the model as a predictor, but this would explain only an additional 1.3% of 

variance over the existing variables.  Examination of the relationships between the 

negative symptom group and the three individual test scores comprising the ‘speed’ 

domain (Table 66) indicate moderate but statistically significant inverse relationships with 

Digit Symbol-Coding and Symbol Search performance (r=-0.37 and r=-0.35 respectively, 

both p<0.001) but not with Simple Reaction Time performance (r=-0.18). This remained 

the same regardless of whether raw Simple Reaction Time was used (r=-0.19) in 

comparison to the refined variable combined into the ‘speed’ target variable (mean 

simple reaction time minus the mean time taken for the motor component of the 

response – i.e. the time to depress the response key).  
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Table 66: Pearson correlations between symptom groupings identified as 
significant predictors of the combined ‘processing speed’ domain of attention and 
the individual tests comprising this combined score 

 Digit Symbol – 
Coding 

 
Symbol Search

Simple 
Reaction Time

Negative (3 factor) -0.37*** -0.35*** -0.18 

Cognitive (5 factor) -0.42*** -0.48*** -0.30** 

Negative (5 factor) -0.26** -0.23* -0.16 

Cognitive Dysfunction (11 factor) -0.54*** -0.54*** -0.10 

Negative Signs (11 factor) -0.23* -0.18 -0.13 

N 100 97 94 

Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
 
 
 

These identified relationships between symptoms and ‘speed’ are clarified somewhat 

when examining the correlations under the five-factor model. Within this symptom 

model, significant inverse correlations were shown for both the cognitive and negative 

symptom groupings and the dependent measure (r=-0.40 and -0.27 respectively), while 

the other groupings held very weak relationships with the ‘speed’ variable (Table 62). 

These relationships were consistent using both the literature-based 5-factor symptom 

model using only items from the PANSS and the adjusted model adding items from the 

SANS, SAPS and BPRS-E. When partial correlations between symptoms and the 

dependant measure were examined, excluding the variance from other symptom 

groupings within the five-factor model, only the cognitive group of symptoms remained 

significantly (albeit only moderately) related to ‘speed’ (r=-0.30, p<0.01: Table 63). Power 

analyses (Table 64) indicate that the correlations for the cognitive and negative groupings 

with ‘speed’ are likely to be robust within the current sample size (with power values 

beyond or approaching 0.80 respectively), while correlations between the other 

symptoms and the dependant measure are so weak that they would only produce 

significant correlations with extremely large sample sizes.  
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Consistent with these correlations, the five-factor model groupings of cognitive and 

negative symptoms entered as significant predictors of ‘speed’ performance beyond the 

control variables (years of illness, degree of extrapyramidal side effects and years of 

eduction: Table 65). The regression model explained a statistically significant amount of 

variance in the dependant measure: F(5,90)=15.94, p<0.001, and all statistical 

assumptions for the calculation of regression models were met (tolerance values were 

acceptable for each of the included predictors: range 0.84-0.95; residuals were normally 

distributed: Kolmogorov-Smirnov statistic (96)=0.07, p=0.20 and appeared 

homoscedastic, and all were within an absolute standardised range of 2.5; with each 

predictor appeared linearly related to the dependant measure). Inclusion of the cognitive 

symptom grouping explained an additional 7.7% of variance in ‘speed’ performance 

beyond that explained by the control variables (31.9% in terms of adjusted R2 values). 

Addition of negative symptoms into the predictive equation explained an additional 4.4% 

of variance in the target measure. No other symptom variables were likely to contribute 

anything of substance to the prediction of ‘speed’ performance. Examination of the 

relationship between the two included symptom groupings and the individual tests 

comprising the ‘speed’ score (Table 66) show that the cognitive symptom group was 

moderately but statistically significantly inversely related to all three tests (r=-0.42, r=-

0.48 and r=-0.30 for Digit Symbol-Coding, Symbol Search and Simple Reaction Time 

respectively, all p<0.01). However, consistent with the relationships identified using the 

three-factor model, the negative symptom grouping was only related to Digit Symbol-

Coding (r=-0.26, p<0.01) and, to a lesser extent, with Symbol Search performance (r=-

0.23, p<0.05).  

 

Examining the symptom groupings under the eleven-dimension model for their 

relationships with the target ‘speed’ variable revealed results very similar to those for the 
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three- and five- dimension models. Only the cognitive dysfunction grouping showed 

significant relationships with the dependant measure (r=-0.40, p<0.001), with four 

groupings suggesting trends towards notable correlations (hostility, conceptual 

disorganisation, social dysfunction and negative signs, with correlations ranging from r=-

0.21-0.25, all p<0.05: Table 62) and all other groupings sharing no relationship with 

‘speed’. Power calculations (Table 64) support these findings, indicating that the 

relationship between the cognitive dysfunction factor and ‘speed’ is likely to be robust, 

that those variables suggestive of relationships here would be likely to fall into significant 

results if the current sample size was doubled, and that it is unlikely that there is any 

relationship between the dependant measure and the symptoms of grandiosity, auditory 

hallucinations, loss of boundary delusions or paranoia. Partial correlations between each 

symptom grouping and ‘speed’, removing the variance associated with the other ten 

symptom groups within the model, clearly suggest that the cognitive dysfunction 

dimension is the lead variable responsible for the largest part of the association between 

the symptoms under this model and the speed variable, as once the variance associated 

with the cognitive dysfunction factor is removed, then no other symptoms correlate 

significantly with the dependant measure (Table 63).  

 

The regression model predicting ‘speed’ performance using symptom groupings under 

the eleven-factor model included the cognitive dysfunction and negative sign symptom 

dimensions as significant predictors of variance in the target dependant measure beyond 

that of the control variables (Table 65). This model explains a statistically significant 

amount of the variance in ‘speed’: F(5, 90)=16.68, p<0.001; and all statistical 

assumptions required for regression calculations were met (tolerance values were 

acceptable for each of the included predictors: range 0.76-0.93; residuals were normally 

distributed: Kolmogorov-Smirnov statistic (96)=0.06, p=0.20 and appeared 
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homoscedastic, and while one residual fell outside of an absolute standardised range of 

2.5 at -2.62, the leverage indices for this case were small, suggesting that this did not 

adversely influence the regression solution; and finally, each predictor appeared linearly 

related to the dependant measure). The inclusion of the cognitive dysfunction symptoms 

explained an additional 10.8% of the variance in ‘speed’ performance beyond that 

explained by the control variables, and when the negative signs symptom group was 

added to the equation, this explained an additional 2.5% of variance. Examination of the 

relationships between these two symptom groupings and performance on the individual 

tests contributing to the composite ‘speed’ score (Table 66) indicated that the negative 

signs symptom grouping was not significantly associated (at p<0.01) with performance 

on any of the three tasks. However, the cognitive dysfunction grouping was strongly and 

significantly inversely related to both performance on Digit Symbol-Coding and Symbol 

Search (r=-0.54, p<0.001 respectively). This was not the case for the cleaned Simple 

Reaction Time performance score (mean simple reaction time minus the mean time 

taken for the motor component of the response: r=-0.10, p>0.05) however, when the 

raw Simple Reaction Time data was examined (i.e. performance on the task without the 

removal of the motoric component), a significant relationship did emerge between this 

task and the cognitive dysfunction symptom grouping (r=-0.39, p<0.001).  Due to the 

relatively low internal consistency of the individual symptoms combined into the 

cognitive dysfunction group (Cronbach coefficient alpha = 0.67), the relationships 

between these individual symptoms and the three contributing tests were examined 

(Table 67), yielding similar results to those produced when the three symptoms were 

combined (Table 66), although indicating that the symptoms of ‘difficulty in abstract 

thinking’ and ‘disorientation’ had slightly stronger correlations with performance on the 

target variables than did the symptom item ‘inattentiveness during mental status testing’.  
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Table 67: Pearson correlations between the individual symptoms comprising the 
‘cognitive dysfunction’ symptom factor and the individual tests comprising the 
combined ‘processing speed’ score 
 

Difficulty in 

Abstract Thinking Disorientation 

Inattentiveness 

During Mental 

Status Testing 

Digit Symbol - Coding -0.44*** -0.50*** -0.35*** 

Symbol Search -0.50*** -0.35*** -0.37*** 

Simple Reaction Time  

   (motor component removed) -0.16 -0.01 -0.05 

Simple Reaction Time  

   (raw response including motor component) -0.28** -0.27** -0.19 

Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
 
 
 

Examination of the differences in the prediction of performance on the ‘speed’ variable 

using the different symptom models reveals a number of findings. Firstly, the amount of 

variance explained by the addition of symptoms was relatively small beyond the 31.9% 

explained by the three control variables of years of education, duration of illness, and the 

extent of antipsychotic medication: the symptom groups entered into the predictive 

equations under the three-, five-, and eleven-factor models explained just an additional 

10.2%, 12.1% and 14.3% of variance in performance respectively, and there were no 

statistically significant differences in the quality of the prediction between the models 

(Table 65). While on a surface level, it may appear that different symptom groups entered 

as predictors under each model (the ‘negative’ group in the three-factor model; the 

‘negative’ and ‘disorganised’ under the five-factor model; and the ‘cognitive dysfunction’ 

and ‘negative signs’ groups under the eleven factor model), as shown in Table 68, largely 

the variance due to the exact same symptoms was entered under each symptom model, 

with the only real difference being the organisation of those symptoms into groups. 

Under the broad ‘negative’ symptom grouping in the three-factor model, of the 21 

symptom items combined, only eight showed significant correlations (p<0.01) with 
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performance on any of the three tests contributing to the ‘speed’ score. Three of these 

(‘difficulty in abstract thinking’, ‘disorientation’ and ‘inattentiveness during mental status 

testing’) are combined into the ‘cognitive dysfunction’ grouping under the eleven factor 

model of symptoms, and also comprise the core of the ‘cognitive’ grouping in the five 

factor model. Indeed, when this trio of items are entered into the predictive models on 

their own (in the eleven-dimensional model), they explain a comparable amount of 

variance in the dependant measure (10.8%) to that explained by the entire 21 symptom 

items combined into the three-factor ‘negative’ grouping (10.2%). Under the three-factor 

‘negative’ symptom grouping, other individual symptoms that related significantly to the 

tests were three symptoms relating to alogia (‘poverty of content of speech, ‘lack of 

spontaneity and flow of conversation’ and ‘increased latency of response’), the latter two 

of which also appear in both the ‘negative’ symptom grouping under the five factor 

model, and the ‘negative signs’ grouping in the eleven symptom model. It is these two 

symptoms that appear to be solely responsible for the inclusion of the ‘negative signs’ 

grouping into the eleven-factor predictive regression model, as no other symptoms 

within this group relate significantly to performance on the tests (Table 68). The final 

two symptoms within the three-factor ‘negative’ grouping that were significantly related 

to the dependant measures were ‘poor grooming and hygiene’ and ‘attenuated 

relationships with friends and peers’. These symptoms also contribute to the ‘negative’ 

symptom grouping within the five-factor model, but to the ‘social dysfunctions’ grouping 

under the eleven-factor model. As such, it would appear that these symptoms do not 

explain much additional variance to that already explained by these other symptoms, 

given that the ‘social dysfunctions’ grouping, of which these two symptoms form the 

core, did not contribute enough additional variance to warrant inclusion in the eleven-

factor predictive model.  
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In sum, the combination of poorly correlated items into the broad ‘negative’ symptom 

grouping under the three-factor model both undermines the predictive power of this 

grouping, and, more importantly, produces misleading findings, as it was not those 

symptoms at the conceptual ‘core’ of the negative symptom concept (such as ‘blunting’) 

that explained the majority of the variance in the dependant measure, but a trio of 

symptoms relating to the degree of cognitive dysfunction experienced by the individual, 

which was shown in the first part of this study to relate only poorly to the degree of 

negative symptoms experienced. 
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Table 68: Pearson correlations between individual symptoms comprising those 
symptom groupings emerging as significant predictors of performance on the 
‘speed’ composite score under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia 

 
Digit Symbol – 

Coding 
 

Symbol Search 

Simple 
Reaction Time 

(motor time 
removed) 

‘Speed’ 
(composite) 

Three Factor Model     

Negative Symptoms     

Difficulty in Abstract Thinking -0.44*** -0.50*** -0.16 -0.40*** 
Disorientation -0.50*** -0.35*** -0.01 -0.26* 
Inattentiveness During Mental Status Testing  -0.35*** -0.37*** -0.05 -0.25* 
Emotional Withdrawal -0.22* -0.20* -0.03 -0.21* 
Passive/Apathetic Social Withdrawal  -0.14 -0.13 -0.21* -0.20 
Lack of Spontaneity and Flow of Conversation -0.29** -0.24* -0.19 -0.29** 
Motor Retardation  -0.22* -0.08 0.01 -0.13 
Unchanging Facial Expression -0.18 -0.17 -0.18 -0.17 
Decreased Spontaneous Movements -0.06 -0.04 -0.01 -0.06 
Paucity of Expressive Gestures -0.13 -0.08 -0.07 -0.11 
Affective Responsivity  -0.07 -0.13 -0.13 -0.13 
lack of Vocal Inflections  -0.11 -0.14 -0.07 -0.13 
Poverty of Speech -0.17 -0.05 0.00 -0.11 
Poverty of Content of Speech  -0.13 -0.23* -0.29** -0.24* 
Increased Latency of Response  -0.29** -0.24* -0.16 -0.28** 
Grooming and Hygiene -0.19 -0.23* -0.29** -0.25* 
Impersistence at work or school  -0.09 -0.04 -0.03 -0.07 
Physical Anergia -0.19 -0.05 -0.10 -0.15 
recreational Interests and Activities -0.21* -0.14 -0.04 -0.12 
Inability to feel Intimacy and Closeness  -0.05 -0.11 0.05 -0.09 
Relationships with Friends and Peers  -0.20* -0.28** -0.13 -0.28** 
Five Factor Model     
Cognitive     
Difficulty in Abstract Thinking  -0.44*** -0.50*** -0.16 -0.40*** 
Disorientation  -0.50*** -0.35*** -0.01 -0.26* 
Poverty of Content of Speech  -0.13 -0.23* -0.29** -0.24* 
Inattentiveness During Mental Status Testing  -0.35*** -0.37*** -0.05 -0.25* 
Bizarre Behaviour  -0.16 -0.23* 0.11 -0.02 
Loose Associations  -0.14 -0.30** -0.34** -0.27** 
Tangentiality  -0.26** -0.33*** -0.37*** -0.32** 
Illogicality  0.01 -0.01 -0.07 -0.02 
Negative     
Emotional Withdrawal  -0.22* -0.20* -0.03 -0.21* 
Passive/Apathetic Social Withdrawal -0.14 -0.13 -0.21* -0.20 
Lack of Spontaneity and Flow of Conversation  -0.29** -0.24* -0.19 -0.29** 
Motor Retardation  -0.22* -0.08 0.01 -0.13 
Unchanging Facial Expression  -0.18 -0.17 -0.18 -0.17 
Decreased Spontaneous Movements  -0.06 -0.04 -0.01 -0.06 
Paucity of Expressive Gestures -0.13 -0.08 -0.07 -0.11 
Affective Responsivity  -0.07 -0.13 -0.13 -0.13 
lack of Vocal Inflections  -0.11 -0.14 -0.07 -0.13 
Poverty of Speech -0.17 -0.05 0.00 -0.11 
Increased Latency of Response -0.29** -0.24* -0.16 -0.28** 
Grooming and Hygiene  -0.19 -0.23* -0.29** -0.25* 
Impersistence at work or school  -0.09 -0.04 -0.03 -0.07 
Physical Anergia  -0.19 -0.05 -0.10 -0.15 
recreational Interests and Activities  -0.21* -0.14 -0.04 -0.12 
Inability to feel Intimacy and Closeness  -0.05 -0.11 0.05 -0.09 
Relationships with Friends and Peers  -0.20* -0.28** -0.13 -0.28** 
Eleven Factor Model     
Cognitive Dysfunction     
Difficulty in Abstract Thinking -0.44*** -0.50*** -0.16 -0.40*** 
Disorientation  -0.50*** -0.35*** -0.01 -0.26* 
Inattentiveness During Mental Status Testing  -0.35*** -0.37*** -0.05 -0.25* 
Negative Signs     
Motor Retardation -0.22* -0.08 0.01 -0.13 
Decreased Spontaneous Movements  -0.06 -0.04 -0.01 -0.06 
Paucity of Expressive Gestures  -0.13 -0.08 -0.07 -0.11 
Unchanging Facial Expression  -0.18 -0.17 -0.18 -0.17 
lack of Vocal Inflections  -0.11 -0.14 -0.07 -0.13 
Affective Responsivity  -0.07 -0.13 -0.13 -0.13 
Lack of Spontaneity and Flow of Conversation -0.29** -0.24* -0.19 -0.29** 
Poverty of Speech  -0.17 -0.05 0.00 -0.11 
Increased Latency of Response  -0.29** -0.24* -0.16 -0.28** 
Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
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2. Sustain 

Performance of the clinical participants on the Continuous Performance Task (CPT) 

sensitivity index (d′ over 10 minutes), labelled here as ‘sustain’, was not normally 

distributed: Kolmogorov-Smirnov statistic (89)=0.11, p=0.012. This data was 

transformed to normality by adding a constant of 10 and taking the logarithm of this 

value: Kolmogorov-Smirnov statistic (89)=0.09, p=0.064. This transformed variable was 

used in all subsequent analyses.  

 

Performance on the CPT was strongly correlated with three of the four other domains of 

attention (r=0.60 with ‘speed’; r=0.63 with ‘span’, and r=0.52 with ‘flexibility’, all 

p<0.001; but just r=0.18 with ‘focus’, p>0.05: Table 62). Examination of relationships 

between ‘sustain’ performance and the control measures (Table 62) show notable 

(p<0.05) inverse correlations with age, duration of illness, and the extent of antipsychotic 

medication (chlorpromazine equivalents; range r=-0.21-0.33, p<0.05), while the duration 

of educational experience was positively correlated with performance on this task 

(r=0.43, p<0.01: Table 62). These were included as control variables in subsequent 

regression analyses with the exception of age due to its high correlation with duration of 

illness (r=0.84, p<0.001) to avoid problems due to multicollinearity.  

 

Examination of correlations between the symptom groupings under the three-factor 

model and performance on the ‘sustain’ task show relationships only for the negative 

symptom group (r=-0.27, p<0.05, consistent for both the original SANS and SAPS 

based modal and the adjusted model from the larger item set), although this is too weak 

to meet the criteria for statistical significance employed here (Table 62). The relative 

independence of the three symptom dimensions under the three-factor model is 

supported by the finding that, when the variance due to the other symptom groups in 
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this model (positive and disorganised groupings) is removed, there is very little change to 

the relationship between the degree of negative symptoms and performance on the 

sustain task (r=-0.24, p<0.05: Table 63). Power calculations suggest that the correlations 

with the target variable for the other symptom groupings are so small that at least a 

trebling of the current sample size would be required to identify any reliable relationship 

(Table 64).  

 

As would be predicted given the correlations under the three-factor model, the negative 

symptom grouping was entered into the regression analysis for making a significant 

contribution to the prediction of performance on the ‘sustain’ task beyond that explained 

by the three control measures (Table 65). This regression model explained a significant 

amount of variance in the dependant measure: F(4, 84)=9.49, p<0.001, and the data 

characteristics required for the reliable calculation of regression statistics were largely 

met: tolerance values were acceptable for each of the predictors (range 0.94-0.98); 

residuals appeared homoscedastic, and each predictor appeared linearly related to the 

dependant measure. There was a slight deviation from normality in the residuals: 

Kolmogorov-Smirnov statistic (89)=0.10, p=0.022, Shapiro-Wilk statistic (89)=0.97, 

p=0.066, with one residual falling outside an absolute standardised range of 2.5 at 2.7 but 

small leverage indices suggested that this did not adversely influence the regression 

solution. Consistent with this, removal of this case improved the distribution of residuals 

only slightly (Kolmogorov-Smirnov statistic (88)=0.096, p=0.045) but the regression 

model produced was almost identical. In the initial regression model, inclusion of the 

negative symptom grouping explained an additional 4.1% of variance in performance on 

the ‘sustain’ task beyond that of the control variables (explaining 23.7% of variance in 

terms of adjusted R2 values).  
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Using the five-factor model, very similar results emerged, although in this analysis the 

only variable correlating significantly with performance on the ‘sustain’ task was the 

cognitive, rather than the negative symptom grouping. This symptom grouping was 

moderately and inversely related to the dependant measure (r=-0.35, p<0.01), consistent 

under both the original PANSS-based model of symptoms and the adjusted model using 

the expanded item set (Table 62), and remained the only significant relationship when 

partial correlations were used to remove the variance associated with other symptom 

groupings within the model (r=-0.32, p<0.01: Table 63). Power analyses suggest that this 

relationship was robust (with a power greater than 0.8 for the current sample size) and 

that the lack of identification of significant relationships for the other symptoms within 

this model was unlikely to be due to sample size (Table 64).  

 

The regression model entering the five-factor cognitive symptom grouping along with 

the three control variables explained a significant amount of variance in performance on 

the ‘sustain’ task: F(4,84)=9.58, p<0.001. All data characteristics required for reliable 

calculation of regression statistics were met: tolerance values were acceptable for all 

predictors (range 0.92-0.95); residuals were normally distributed: Kolmogorov-Smirnov 

statistic (89)=0.10, p=0.10, and appeared homoscedastic, with no residuals outside an 

absolute standardised range of 2.5; and all predictors appeared linearly related to the 

dependant measure. Inclusion of the five-factor model ‘cognitive’ symptom grouping 

explained an additional 4.4% of variance over the 23.7% of ‘sustain’ task performance 

explained by the control variables, and no other symptom groupings explained any 

additional significant variance (Table 65).   

 

The relationships between the symptoms under the eleven-factor model and 

performance on the ‘sustain’ task offer a further refinement of the findings using the less 
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complex models. Only the ‘cognitive dysfunction’ symptom grouping was correlated with 

the dependent measure (r=-0.49, p<0.001: Table 62) and this is robust (power >0.80: 

Table 64) and remains the only significant association when the variance relating to other 

symptom groupings are removed (r=-0.44, p<0.001: Table 63). After removing the 

variance explained by the cognitive dysfunction group, the correlations between the 

remaining symptom groupings and the ‘sustain’ task performance were all r=0.11 and 

below, and as such are unlikely to produce relationships beyond that caused by chance 

even with a substantially increased sample size (Table 64). The regression equation 

predicting performance on the ‘sustain’ task entered the cognitive dysfunction grouping 

and explained a significant amount of task variance: F(4, 84)=12.55, p<0.001. All data 

assumptions for the regression process were met:  tolerance values were acceptable for 

all predictors (range 0.76-0.96); residuals were normally distributed: Kolmogorov-

Smirnov statistic (89)=0.06, p=0.20, appeared homoscedastic, and all were within an 

absolute standardised range of 2.5; finally, each predictor appeared linearly related to the 

dependant measure. No symptom groupings other than the cognitive dysfunction 

dimension were likely to enter the regression equation (beta values of 0.11 and below: 

Table 65). The cognitive dysfunction dimension explained 10.7% additional variance in 

‘sustain’ task performance beyond that explained by the three control variables (23.7% in 

terms of standard R2 values). Because the three symptoms combined into the cognitive 

dysfunction grouping had a relatively low internal consistency (Cronbach coefficient 

alpha = 0.67), the relationships between the individual symptoms and the ‘sustain’ task 

were examined, with all three symptoms moderately inversely but significantly related to 

the dependant measure: r=-0.42 for ‘difficulty in abstract thinking’, r=-0.38 for 

‘disorientation’ and r=-0.30 for the ‘inattentiveness during mental status testing’ variable, 

all p<0.01.  
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Examination of the differences in the prediction of performance of the Continuous 

Performance Task (‘sustain’) yields two very clear findings. Firstly, the amount of 

variance explained by the addition of symptoms into the prediction models was relatively 

small in comparison to that explained by the three control variables (23.7%: by the 

variables years of eduction, degree of antipsychotic medication and duration of illness): 

the symptom groups added into the predictive equations under the three-, five- and 

eleven- factor models explained just an additional 4.1% (‘negative’), 4.4% (‘cognitive’) 

and 10.7% (‘cognitive dysfunction’) respectively. There were no significant differences in 

the quality of the prediction between the three regression models (Table 65). The other 

finding becomes clear on examination of the individual symptoms combined into factors 

that were included as predictors under each model, and their individual correlations with 

the dependant measure (Table 69). Out of the 21 individual symptoms combined into 

the ‘negative’ grouping under the three factor model, only a trio of symptoms (‘difficulty 

in abstract thinking’, ‘disorientation’ and ‘inattentiveness during mental status testing’) 

were significantly (p<0.01) related to performance on the Continuous Performance Task. 

A similar finding, with only these three symptoms correlating with the dependant 

measure was found amongst the items contributing to the five-factor ‘cognitive’ 

dimension. As these three symptoms were found to relate poorly to other symptoms in 

the first phase of this study, in the eleven dimensional model, these three comprise the 

‘cognitive dysfunction’ dimension on their own and were the sole symptom grouping 

entered as a predictor in the regression equation. As it is clear that other negative 

symptoms entered under the regression equation built from the three-factor model, and 

other conceptual disorganisation symptoms entered under the five-factor model did not 

relate to performance on the task at all (Table 69 and the partial correlations presented in 

Table 63), to the extent that this trio of ‘cognitive dysfunction’ symptoms have been 

shown to be independent of these (Figure 21 and Table 30) then use of these less 
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complex models of symptomatology produces misleading results in regard to the 

relationship of ‘symptom groupings’ and performance on this task. Moreover, as 

illustrated by the increasing amount of variance on the dependent measure explained as 

the symptom groupings became more refined (4.1% by the three-factor ‘negative’ model; 

4.4% by the five factor ‘cognitive’ group and 10.7% by the trio of ‘cognitive dysfunction’ 

symptoms on their own), these coarse symptom groupings, through combining poorly 

correlated symptoms, are undermining the predictive power of these symptoms. 
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Table 69: Pearson correlations between individual symptoms comprising those 
symptom groupings emerging as significant predictors of performance on the 
‘sustain’ task under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia 
 Continuous Performance Task 

(10 minute d′) 
 
Three Factor Model  
Negative   
Difficulty in Abstract Thinking -0.43*** 
Disorientation  -0.38*** 
Inattentiveness During Mental Status Testing  -0.31** 
Emotional Withdrawal -0.14 
Passive/Apathetic Social Withdrawal -0.05 
Lack of Spontaneity and Flow of Conversation -0.17 
Motor Retardation  -0.06 
Unchanging Facial Expression  -0.20 
Decreased Spontaneous Movements  -0.01 
Paucity of Expressive Gestures -0.02 
Affective Responsivity  -0.15 
lack of Vocal Inflections  -0.01 
Poverty of Speech -0.02 
Poverty of Content of Speech  -0.24* 
Increased Latency of Response  -0.19 
Grooming and Hygiene  -0.14 
Impersistence at work or school 0.05 
Physical Anergia  -0.07 
recreational Interests and Activities  -0.22* 
Inability to feel Intimacy and Closeness  -0.01 
Relationships with Friends and Peers  -0.27* 
 
Five Factor Model 

 

Cognitive  
Difficulty in Abstract Thinking -0.43*** 
Disorientation -0.38*** 
Poverty of Content of Speech  -0.24* 
Inattentiveness During Mental Status Testing  -0.31** 
Bizarre Behaviour  -0.02 
Loose Associations  -0.17 
Tangentiality  -0.19 
Illogicality  0.02 
 
Eleven Factor Model 

 

Cognitive Dysfunction  
Difficulty in Abstract Thinking -0.43*** 
Disorientation  -0.38*** 
Inattentiveness During Mental Status Testing  -0.31** 
Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
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3. Span 

The three test scores relating to performance on Digit Span – Backwards, Arithmetic, 

and Letter-Number Sequencing, when combined into an aggregate variable hereafter 

referred to as ‘span’, produced a normal distribution of performance; Kolmogorov-

Smirnov statistic (100)=0.06, p=0.20. Performance on this domain was significantly and 

positively associated with three of the other four identified domains of attention (r=0.66 

with ‘flexibility’; r=0.63 with ‘sustain’; r=0.47 with ‘speed’, all p<0.01; but just r=0.13 

with ‘focus’: Table 62). Performance across the ‘span’ tasks was only significantly 

associated with years of education amongst the eight control variables examined (r=0.55, 

p<0.001: Table 62), although, since there was a notable inverse relationship between the 

extent of antipsychotic medication and performance (r=-0.18, p<0.1), this variable was 

also included as a control in the subsequent regression analyses. 

 

Examination of the correlations between performance on the ‘span’ tasks and the 

symptom groupings under the three-factor model of symptoms revealed a pattern of 

relationships very similar to those identified with the ‘sustain’ domain, consistent with 

the strong relationship between these two domains of attention. Significant correlations 

were shown only for the negative symptom grouping and the target ‘span’ variable (r=-

0.30, p<0.01), with this relationship seen both for the original three-factor model using 

only items from the SANS and SAPS, as well as for the adjusted model using additional 

items from the PANSS and BPRS-E (Table 62). This correlation remained when the 

variance explained by the ‘positive’ and ‘disorganised’ symptom groupings was removed 

(r=-0.28, p<0.01: Table 63), and power analyses (Table 64) suggested that the lack of 

identification of significant relationships for the other symptom groupings were not 

simply due to the size of the current sample. The regression model built from these 
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variables included the negative symptom variable as a significant contributor to the 

prediction of ‘span’ performance. The regression equation itself explained a significant 

amount of variance in the dependant measure: F(3, 96)=18.56, p<0.001; and all data 

requirements for the accurate calculation of such statistics were met: tolerance values 

were acceptable for each of the included predictors (range 0.95-0.97); residuals were 

normally distributed: Kolmogorov-Smirnov statistic (96)=0.04, p=0.20, appeared 

homoscedastic, and all were within an absolute standardised range of 2.5; and each 

predictor appeared linearly related to the dependant measure. Inclusion of the negative 

symptom grouping in the regression model explained an additional 4.9% of variance in 

the dependant measure beyond the 29.8% explained by the two control variables (in 

terms of adjusted R2 values). None of the other symptom groupings explained a 

significant amount of additional variance. When the relationships between the cognitive 

symptom grouping and the individual tasks comprising the aggregate ‘span’ variable were 

examined (Table 70), there were only relationships between the negative symptom group 

and Arithmetic and Letter Number Sequencing performance (r=-0.29 and r=-0.34, 

p<0.01 respectively), with no substantial relationship between this symptom grouping 

and Digit Span Backwards (r=-0.12, p>0.05). 

 
 
Table 70: Pearson correlations between symptom groupings identified as 
significant predictors of the combined ‘span’ domain of attention and the 
individual tests comprising this combined score 

 
Digit Span - 
Backwards 

 
Arithmetic 

Letter-
Number 

Sequencing 
Negative (3 factor) -0.12 -0.29** -0.34** 

Cognitive (5 factor) -0.22* -0.44*** -0.47*** 

Loss of Boundary Delusions (11 factor) 0.22* 0.05 0.11 

Cognitive Dysfunction (11 factor) -0.51*** -0.69*** -0.62*** 

N 100 100 96 

Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
 
 



 415

Again, consistent with the findings in relation to performance on the ‘sustain’ domain, 

using the five-factor model of symptoms, instead of the negative symptom grouping 

being significantly related to performance on the ‘span’ tasks (as per the finding using the 

three-factor model of symptoms), the cognitive symptom grouping was the only factor 

significantly related to the dependant measure (r=-0.45, p<0.001: Table 62). This was 

consistent for both the original symptom model (using only the PANSS items) and the 

adjusted model (using the extended item set) and remained significant when the variance 

explained by other symptom items were removed (r=-0.43, p<0.001: Table 63). Power 

calculations suggest that this relationship is reliable (power >0.80: Table 64) and that the 

other symptom domains are so weakly associated with performance on the ‘span’ tasks as 

to require more than a trebling of the sample size before they could be seen to have a 

relationship beyond that expected by chance. Consistent with these findings, the 

cognitive symptom grouping entered the regression analysis and contributed to its 

significant prediction of performance on the ‘span’ tasks: F(3, 96)=23.76, p<0.01. All 

data requirements for the adequate calculation of regression statistics were met: tolerance 

values ranged between an acceptable 0.95 and 0.97; there were no residuals with values 

greater than 2.5 in standardised absolute terms, residuals were normally distributed: 

Kolmogorov-Smirnov statistic (100)=0.05, p=0.20, and did not appear to be 

heteroscedastic; and finally, all predictors appeared to be linearly related to the dependant 

measure. The cognitive symptom grouping explained 11.0% of variance in ‘span’ 

performance beyond the 29.8% explained through the two control variables (in terms of 

adjusted R2 values). When the relationships between the cognitive symptom grouping 

and the individual tasks comprising the aggregate ‘span’ variable were examined (Table 

70), it was clear that there were stronger relationships between this symptom group and 

the Arithmetic and Letter Number Sequencing performance (r=-0.44 and r=-0.47, 

p<0.001 respectively) than there was for Digit Span Backwards (r=0.22, p<0.05).  
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Under the eleven-dimensional symptom model, the cognitive dysfunction symptom 

grouping was very strongly associated with the performance on the ‘span’ tasks (r=-0.73, 

p<0.001: Table 62), with the only other symptom grouping demonstrating a notable 

relationship being the hostility grouping (r=-0.21, p<0.05), although this fell beneath the 

criteria for statistical significance employed here. This latter relationship was further 

reduced when the variance associated with the other ten symptom groupings was 

removed (regardless of whether that variance attributable to the ‘cognitive dysfunction’ 

grouping was removed or not: Table 63), while the relationship between the dependant 

measure and the cognitive dysfunction was virtually unaffected when the variance 

associated with the other symptom groupings was removed (r=-0.71, p<0.001). 

Correlations between the dependant measure and all symptom groups other than 

‘hostility’ and ‘social dysfunctions’ were so weak that they would be unlikely to relate 

beyond chance performance even if the sample size employed here was quadrupled 

(Table 64). The regression analysis produced using symptom groupings under the eleven-

dimensional model included the groupings of cognitive dysfunction and loss of boundary 

delusions as statistically significant contributors to the prediction of performance on the 

‘span’ tasks. The regression model itself significantly predicted performance on the 

dependant measure: F(4, 95)=38.52, p<0.001 and all data criteria for the accurate 

calculation of regression statistics were met: tolerance values were acceptable for all 

predictors, ranging between 0.78 and 0.95; residuals were normally distributed: 

Kolmogorov-Smirnov statistic (100)=0.08, p=0.13, and appeared homoscedastic, while 

one residual fell outside an absolute standardised range of 2.5, at 2.6, but had a very small 

leverage index suggesting that this did not adversely influence the regression solution; 

finally, all predictors appeared linearly related to the target variable. The ‘cognitive 

dysfunction’ symptom dimension explained 28.4% of the variance in performance on the 
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‘span’ tasks, beyond the 29.8% explained by the two control measures, and the ‘loss of 

boundary delusion’ items contributed an additional 2.1% of variance in terms of adjusted 

R2 values. No other symptom groupings contributed significant additional explanatory 

power to this equation, and this was the case even when the ‘cognitive dysfunction’ 

symptoms were removed from the model (in which case the ‘loss of boundary symptoms 

explained an additional 4.5% of variance in the dependant measure beyond that of the 

control variables). When the correlations between these symptom variables and the 

individual test performances comprising the aggregate ‘span’ variable were examined, it 

appears that the ‘loss of boundary delusions’ variable was only related to Digit Span-

Backwards performance (r=0.22, p<0.05: Table 70), while the ‘cognitive dysfunction’ 

variable was strongly inversely related to all three variables (range r=-0.51-0.69, all 

p<0.001: Table 70) and this was consistent for all three symptoms contributing to the 

‘cognitive dysfunction’ grouping (r=-0.34-0.59, all p<0.001: Table 71).  

 

Similar to findings for the prediction of the other components of attention, different 

symptom groupings were entered as predictors of performance across the ‘span’ 

composite variable between the three models. Under the three-factor model, the 

‘negative’ symptom grouping was entered by the regression process as a significant 

predictor of performance, despite explaining just 4.9% variance in the dependant 

measure beyond the 29.8% explained by the two control measures (dosage of 

antipsychotic medication and years of eduction). Examination of the correlations of the 

21 individual symptom items combined together into this grouping and performance on 

the three tests comprising the aggregate ‘span’ score (Table 71) show that only five 

symptoms are significantly related (p<0.01) to any of the dependant measures. Three of 

these comprise the trio of symptoms defined as the ‘cognitive dysfunction’ grouping 

under the eleven-dimensional model (‘difficulty in abstract thinking’, ‘disorientation’, and 
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‘inattentiveness during mental status testing’). The remaining two, which are much less 

strongly associated with the dependant measures, relate to social dysfunctions such as a 

lack of ‘recreational interests or activities’ and attenuated ‘relationships with friends and 

peers’. That trio of ‘cognitive dysfunction’ symptoms also formed the backbone of the 

relationship of the ‘cognitive’ symptom grouping under the five factor model, where only 

one other symptom (tangentiality) was significantly related to any of the dependant 

measures. Inclusion of the five-factor ‘cognitive’ grouping explained 11.0% of variance in 

‘span’ performance beyond the control variables. However, when this trio of symptoms 

were included on their own as a predictor (as the ‘cognitive dysfunction’ grouping under 

the eleven-factor model), they explained an additional 28.4% of variance beyond the 

control measures. This clearly shows that combining this trio of symptoms with others 

both poorly correlated with them and the dependant measure has undermined the 

predictive power of this group in the three- and five- factor models. In support of this, 

the prediction model built from the eleven-dimension model was statistically significantly 

superior than those built from the three- and five- factor models (Table 65). While this 

model included the symptom grouping ‘loss of boundary delusions’ (of which only 

‘delusions of being controlled’ correlated significantly with performance on any of the 

test scores), this only explained an additional 2.1% of variance in the dependant measure, 

and this model would likely remain superior than the others even without its inclusion. 

Clearly, however, if the three- or five- factor model were used as predictors, and there 

was not a careful examination of the relationships between the individual symptoms and 

the dependant measure, this could lead to the incorrect interpretation that ‘negative’ or 

‘conceptual disorganisation’-type symptoms were associated with performance on the 

‘span’ task. 
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Table 71: Pearson correlations between individual symptoms comprising those 
symptom groupings emerging as significant predictors of performance on the 
‘span’ composite score under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia 

 Digit Span - 
Backwards 

 
Arithmetic 

Letter-
Number 

Sequencing 
‘Span’ 

(composite) 
 
Three Factor Model 

    

Negative     
Difficulty in Abstract Thinking  -0.38*** -0.55*** -0.59*** -0.61*** 
Disorientation  -0.34** -0.53*** -0.40*** -0.51*** 
Inattentiveness During Mental Status Testing  -0.44*** -0.52*** -0.43*** -0.56*** 
Emotional Withdrawal  -0.04 -0.21* -0.13 -0.15 
Passive/Apathetic Social Withdrawal  0.03 -0.05 -0.14 -0.06 
Lack of Spontaneity and Flow of Conversation  -0.11 -0.17 -0.18 -0.19 
Motor Retardation  -0.02 -0.11 -0.10 -0.10 
Unchanging Facial Expression  0.05 -0.01 -0.10 -0.03 
Decreased Spontaneous Movements  0.12 0.02 0.08 0.08 
Paucity of Expressive Gestures  0.03 -0.08 0.01 -0.03 
Affective Responsivity  -0.02 -0.12 -0.07 -0.08 
lack of Vocal Inflections  0.02 0.00 -0.06 -0.02 
Poverty of Speech  -0.08 -0.15 -0.14 -0.16 
Poverty of Content of Speech  0.05 -0.06 -0.19 -0.08 
Increased Latency of Response  -0.01 -0.13 -0.14 -0.12 
Grooming and Hygiene  0.05 -0.09 -0.20* -0.11 
Impersistence at work or school  0.11 -0.02 -0.08 -0.01 
Physical Anergia  0.11 -0.02 -0.12 -0.01 
recreational Interests and Activities  -0.21* -0.20* -0.23* -0.26** 
Inability to feel Intimacy and Closeness  0.05 -0.01 -0.18 -0.06 
Relationships with Friends and Peers  -0.13 -0.25* -0.27** -0.26** 
 
Five Factor Model 

    

Cognitive     
Difficulty in Abstract Thinking  -0.38*** -0.55*** -0.59*** -0.61*** 
Disorientation  -0.34** -0.53*** -0.40*** -0.51*** 
Poverty of Content of Speech  0.05 -0.06 -0.19 -0.08 
Inattentiveness During Mental Status Testing  -0.44*** -0.52*** -0.43*** -0.56*** 
Bizarre Behaviour  0.06 -0.18 -0.14 -0.11 
Loose Associations  0.00 -0.13 -0.22* -0.13 
Tangentiality  -0.06 -0.17 -0.29** -0.21* 
Illogicality  0.04 -0.09 -0.05 -0.05 
 
Eleven Factor Model 

    

 
Cognitive Dysfunction 

    

Difficulty in Abstract Thinking  -0.38*** -0.55*** -0.59*** -0.61*** 
Disorientation  -0.34** -0.53*** -0.40*** -0.51*** 
Inattentiveness During Mental Status Testing  -0.44*** -0.52*** -0.43*** -0.56*** 
 
Loss of Boundary Delusions 

    

Ideas and Delusions of Reference  0.15 -0.01 0.02 0.06 
Thought Insertion  0.25* 0.09 0.11 0.17 
Delusions of Mind Reading  0.07 -0.01 0.12 0.06 
Delusions of Being Controlled  0.30** 0.13 0.19 0.24* 
Thought Broadcasting  -0.02 -0.01 0.01 -0.02 
Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
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4. Focus 

The interference score performance on the Stroop Task (the ratio of the time to read the 

interfering colour-words minus time to name the colour stimuli, divided by the time to 

name the colour stimuli), hereafter referred to as the ‘focus’ task, was extremely 

negatively skewed: Kolmogorov-Smirnov statistic (97)=0.13, p=0.001; and was 

transformed to normality by reflecting the performance value and taking the inverse of 

this new score (as per Tabachnick & Fidell, 1989), yielding a much improved 

distribution: Kolmogorov-Smirnov statistic (95)=0.55, p=0.200. This variable (and its 

non-transformed counterpart) did not correlate significantly with any of the other four 

identified domains of attention (Table 62), although a relationship trending towards 

significance was identified with the ‘flexibility’ variable (r=0.23, p<0.05). Moreover, of 

the eight control variables examined (Table 62) performance on the ‘focus’ task was only 

significantly related to the degree of extrapyramidal symptoms experienced (r=-0.28, 

p<0.01).  

 

Under each of the three-, five- and eleven- factor models, none of the symptom 

groupings were significantly related to performance on the ‘focus’ task with the exception 

of the ‘negative’ symptom grouping under the three-factor model, which was trending 

toward significance (r=-0.22, p<0.05: Table 62). Similar results were found when partial 

correlations were examined (removing the variance associated with the other symptom 

groupings under the model of interest), although in this instance both the ‘negative’ 

symptom grouping under the three-factor model and the ‘loss of boundary delusions’ 

grouping under the eleven-factor model were trending toward significance (r=-0.21 and 

r=-0.23 respectively, both p<0.05: Table 63). Examination of power calculations for 

these correlations (Table 64) suggest that extremely large sample sizes would be required 
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to identify reliable associations at alpha levels of 0.05 for the majority of these symptom 

groupings.  

 

None of the symptom groupings under any of the three-, five- or eleven- factor models 

explained sufficient variance above that of the control variable of the degree of 

extrapyramidal side effects. The regression model predicting performance on the ‘focus’ 

task from the degree of extrapyramidal symptoms was statistically better than a null 

model: F(1,92)=7.63, p=0.007, but explained just 6.7% of the variance in the dependant 

measure (Table 65). All statistical assumptions for the production of reliable regression 

parameters were met for this model, and the result for the overall model was the same 

regardless of whether the ‘focus’ variable was transformed to normality or not. So weak 

were the associations between the symptom groupings under all models and performance 

on the ‘focus’ task that even if the criteria for predictor entry into the regression equation 

was increased to a more liberal p<0.1, only the ‘negative’ symptom grouping under the 

three-factor model (and no symptoms under either the five- or eleven- factor model) 

would enter the equations, and this would explain just an additional 1.8% of the variance 

in the dependant measure beyond that explained by the degree of extrapyramidal 

symptoms.  

 

In sum then, it may be concluded that none of the symptom groupings under any of the 

three-, five- or eleven- factor models were useful as predictors of performance on the 

Stroop task (‘focus’) beyond the explanation provided by the degree of extrapyramidal 

symptoms experienced. 
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5. Flexibility 

The combination of performance on the tests of the Modified Wisconsin Card Sort (% 

perseverative responses), Antisaccade Task (% disinhibitive responses), COWAT and 

Animal Naming task (number of words generated), hereafter referred to as the aggregate 

variable of ‘flexibility’, produced a normally distributed variable when combined: 

Kolmogorov-Smirnov statistic (94)=0.07, p=0.20. Performance on the ‘flexibility’ task 

had notable correlations with all four other identified domains of attention (r=0.61 with 

‘speed’; r=0.52 with ‘sustain’, r=0.66 with ‘span’, all p<0.001; and r=0.23, p<0.05: Table 

62). Significant correlations were also shown between performance on the ‘flexibility’ 

task and two of the eight control variables examined, namely duration of illness (r=-0.24, 

p<0.05) and years of education (r=0.40, p<0.001: Table 62), and these were used as 

control variables in all subsequent regression analyses.  

 

Under the three-factor model of symptomatology, significant correlations were shown 

for both the negative and disorganised symptom groupings and performance across the 

‘flexibility’ tasks (r=-0.46 and r=-0.34 respectively, both p<0.01: Table 62), with there 

being no relationship between the positive symptom grouping and the dependant 

measure. This was consistent using both the original symptom model using just items 

from the SANS and SAPS scales, and using the adjusted model which comprised an 

extended item set. Moreover, both these relationships were reliable (power >0.80: Table 

64) and both remained significant even after partialling out the effects of the other 

symptoms in the three factor model (Table 63). Consistent with this latter finding, 

suggesting that they both made independent contributions to the prediction of 

performance on the ‘flexibility’ variable, both of these symptom groups were entered as 

significant variables in the regression model predicting ‘flexibility’ (Table 65). This model 

was statistically significant: F(4,89)=11.21, p<0.001, and all data requirements for the 
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calculation of regression statistics were adequately met: tolerance values for the 

predictors ranged between 0.93 and 0.97; residuals were normally distributed: 

Kolmogorov-Smirnov statistic (94)=0.09, p=0.06, Shapiro-Wilk statistic (94)=0.98, 

p=0.21, none were greater than an absolute standardised value of 2.5, and were clearly 

homoscedastic; and all predictors appeared linearly related to the dependant measure. 

The control measures explained just 4.8% of the variance in ‘flexibility’, and the negative 

symptoms explained an additional 20.4% of this variance, and when the disorganisation 

symptom grouping was included, this contributed a further 5.3% of variance in the 

dependant measure (in terms of adjusted R2). As detailed in Table 72, when the 

relationships between these symptom groupings and performance on the individual test 

scores comprising the aggregate ‘flexibility’ measure were examined, it could be seen that 

the negative grouping was moderately inversely and significantly related to all four 

individual tests (r=-0.26-0.41, all p<0.05) but the disorganisation grouping was related 

with all but performance on the COWAT.  
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Table 72: Pearson correlations between symptom groupings identified as 
significant predictors of the combined ‘flexibility’ domain of attention and the 
individual tests comprising this combined score 

 

Modified 
Wisconsin 

Card Sort (% 
perseverative 

errors) 

Antisaccade 
Task (% 

disinhibitive 
errors) 

COWAT 
(total words) 

Animal 
Naming 

Task 
(Total words)

Three factor     

Disorganisation  -0.24* -0.41*** -0.14 -0.29** 

Negative  -0.26* -0.33** -0.34** -0.41*** 

Five factor     

Cognitive  -0.30** -0.43*** -0.26** -0.40*** 

Negative  -0.19 -0.25* -0.27** -0.34** 

Hostility  -0.22* -0.31** -0.19 -0.22* 

Eleven factor     

Anxious Intropunitiveness  0.10 0.12 0.21* 0.11 

Cognitive dysfunction  -0.35** -0.42*** -0.39*** -0.40*** 

Social dysfunctions  -0.14 -0.25* -0.33** -0.33** 

N 93 87 97 97 

Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
 
 
 

Using the symptom dimensions under the five-factor model, significant inverse 

correlations were seen for the negative and cognitive symptom groupings with 

performance on the ‘flexibility’ aggregate variable (r=-0.46 and r=-0.34 respectively, both 

p<0.01: Table 62), in keeping with the findings under the three-dimensional model, 

although a relationship trending toward significance was seen for the ‘excitement’ 

symptom grouping (r=-0.24, p<0.05) and the dependant measure. These two significant 

correlations were consistent using the original PANSS-based model of symptoms and the 

adjusted model using the expanded item set (Table 62), and remained significant when 

correlations removing the variance of other symptom groupings within the model were 

removed (r=-0.31, p<0.01 respectively: Table 63), suggesting that these symptom 

groupings relate independently to the dependant measure. Power analyses suggested that 
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both of these correlations are robust (power <0.80: Table 64) and that the lack of any 

identified relationship for the ‘mood’ and ‘positive’ symptom groupings were not likely to 

be an artefact of the size of the current sample. Consistent with this, the regression 

analysis predicting performance on the ‘flexibility’ aggregate variable included both the 

‘cognitive’ and ‘negative’ symptom groupings as contributing significantly to the 

equation. The regression model itself explained a significant amount of variance in 

‘flexibility’: F(4,89)=10.62, p<0.001; and all data requirements for reliable estimation of 

regression parameters were met: tolerance values were excellent for all predictors (all = 

0.96); there were no residuals beyond a standardised absolute value of 2.5; there was a 

slight deviation from normality of the residuals: Kolmogorov-Smirnov statistic 

(94)=0.10, p=0.03, Shapiro-Wilk statistic (94)=0.98, p=0.12, although this appeared to 

have limited impact on the model; the residuals were clearly homoscedastic; and all 

predictors appeared linearly related to the dependant measure. Inclusion of the 

‘cognitive’ symptom grouping explained 16.2% of variance in performance on the 

‘flexibility’ task beyond the 4.8% explained by the two control variables of duration of 

illness and antipsychotic dosage. The ‘negative’ symptom group explained a further 8.3% 

of variance in performance beyond that already covered, in terms of adjusted R2 values. 

No other symptom groupings would explain a significant amount of additional variance 

if included in the regression equation. When examining the relationships between these 

two symptom groups entered into the prediction equation and performance on the 

individual test scores comprising the aggregate ‘flexibility’ variable (Table 72), the 

‘cognitive’ symptom grouping was moderately but significantly related to performance 

across all four tests (range r=-0.26-0.43, all p<0.01), while the ‘negative’ symptom group 

was only related to performance on the word generation tasks (r=-0.27 and r=-0.34, both 

p<0.01 for the COWAT and Animal Naming tasks respectively), and the relationships 
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with the other tasks fell beneath the criteria for significance (r=-0.19, p<0.1 for the 

MWCST and r=-0.25, p<0.05 for the Antisaccade task).  

 

Under the eleven-dimensional model, several symptom groupings displayed significant 

relationships with performance on the ‘flexibility’ aggregate variable. The degree of 

cognitive dysfunction, social dysfunctions, hostility and negative signs were all 

moderately and significantly associated with the dependant measure (range r=-0.28-0.52, 

all p<0.01: Table 62), with the symptoms of conceptual disorganisation and bizarre 

behaviour trending towards significance (r=-0.22 and r=-0.23 respectively, p<0.05). 

Importantly, when the variance associated with the other symptoms in the model was 

removed using partial correlations (Table 63) only the ‘cognitive dysfunction’ (r=-0.44, 

p<0.001) and ‘hostility’ symptom groupings (r=-0.29, p<0.01) remained significantly 

associated with the dependant measure, suggesting that the relationships identified for 

the other symptom groupings were largely due to their shared variance with other 

symptoms. In particular, when the variance associated with ‘cognitive dysfunction’ is not 

considered, almost all of the variance that the ‘negative signs’ variable shared with the 

dependant measure appears to be able to be explained by the ‘social dysfunction’ 

grouping (Table 63). For these three key symptom variables (cognitive dysfunction, social 

dysfunction and hostility), the relationship with performance on the ‘flexibility’ task is 

clearly robust (power <0.80 for the current sample size: Table 64).  

 

The stepwise regression analysis entered the cognitive dysfunction, hostility, social 

dysfunction and anxious intropunitiveness symptom groupings as variables 

independently contributing to the prediction of performance on the ‘flexibility’ aggregate 

variable (Table 65). This regression model explained a statistically significant amount of 

the variance in the dependant measure: F(6,87)=14.53, p<0.001, and all data 
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requirements for the reliable calculation of regression statistics were met: tolerance values 

for all predictors were excellent (range 0.89-0.94), there were no residuals with absolute 

standardised values beyond 2.5, and these values were both normally distributed:  

Kolmogorov-Smirnov statistic (94)=0.05, p=0.20, and clearly homoscedastic; with all 

predictors appearing linearly related to the dependant measure. In terms of the additional 

variance explained as each predictor was added to the regression equation, 4.8% of the 

variance in performance on the ‘flexibility’ task was explained by the two control 

variables, 28.1% additional variance explained by the cognitive dysfunction group, 7% 

added by the hostility symptoms, with the variables social dysfunction and anxious 

intropunitiveness adding an additional 4.5% and 2.2% of variance in the dependant 

measure respectively. No other symptom groupings would explain a significant amount 

of additional variance if included in the regression equation. Examination of the 

correlations between these symptom groups entered as predictors and the four individual 

test performances comprising the aggregate ‘flexibility’ score revealed clear differences 

between the predictors. Firstly, the ‘cognitive dysfunction’ group was moderately and 

significantly related to performance on all four tasks (range r=-0.35-0.42, all p<0.01: 

Table 72). As this symptom group showed a relatively low level of internal consistency 

(Cronbach coefficient alpha = 0.67), correlations between the individual symptoms and 

the four tests were examined (Table 73), showing that the rating of ‘difficulty in abstract 

thinking’ was the symptom most likely to be underlying the relationship with the four 

tasks, as it was significantly associated with each (range =0.38-0.44, all p<0.001), the 

‘disorientation’ symptom was more closely related to the word generation task 

performance (r=-0.28-0.36, both p<0.01) than the other two tests, and the symptom 

item ‘inattentiveness during mental status testing’ was reasonably equally associated with 

all four tasks (range r=-0.20-0.27, all p<0.05) although not beneath the criteria employed 

for significance here. The other symptoms added into the regression equation as 
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significant predictors of performance showed different patterns of relationships across 

the four contributing tests: the ‘hostility’ group was significantly related to performance 

on the antisaccade task (r=-0.31, p<0.01) and only trended towards a significant 

relationship for the MWCST and Animal Naming Task (r=-0.22, p<0.05 respectively); 

the ‘social dysfunctions’ symptom group was significantly related to performance on 

both of the word generation tasks (r=-0.33, p<0.01 for the COWAT and animal naming 

tasks respectively) and trended towards a significant relationship with the antisaccade 

task (r=-0.25, p<0.05); and finally, the degree of anxious intropunitiveness-type 

symptoms was only trending towards a relationship with performance on the COWAT 

(r=-0.21, p<0.05) but not with any other task (range r=0.10-0.12).  

 

While on the surface it may appear that the symptom dimensions entered as significant 

predictors of performance on the ‘flexibility’ composite variable differ markedly under 

each symptom model (the ‘disorganised’ and ‘negative’ groupings under the three-factor 

model; the ‘cognitive’ and ‘negative’ groupings under the five-factor model; and the 

‘cognitive dysfunction’, ‘hostility’, ‘social dysfunctions’ and ‘anxious intropunitiveness’ 

under the eleven-dimensional model), on closer examination (Table 73) it can be seen 

that, in general, the variance from the same symptoms was entered under each model, 

with the main difference being the clumping of symptoms into groups. Examining the 

relationships between individual symptoms and performance on the tests, it was clear 

that amongst the 21 symptoms combined into the three-factor ‘negative’ group, only 

those associated with cognitive dysfunction (‘difficulty in abstract thinking’, 

‘disorientation’ and ‘inattentiveness during mental status testing’) and those relating to 

social dysfunctions (such as anergia, restriction of interests and relationships or 

withdrawal) were significantly related to the dependant measures, while those relating to 

‘blunting’ were not. These symptoms also contributed to the ‘cognitive’ and ‘negative’ 
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groupings in the five-factor model, and the ‘cognitive dysfunction’ and ‘social 

dysfunctions’ groupings in the eleven-factor model, which underlies their inclusion as 

predictors in the relevant regression equations. Also, within the three-factor model 

grouping of ‘disorganisation’, symptoms pertaining to conceptual disorganisation (for 

example, ‘loose associations’ and ‘tangentiality’) as well as those relating to aggressive 

behaviour displayed significant associations with the dependant measure. The former of 

these also contributed to the ‘cognitive’ symptom grouping under the five-factor model, 

while the latter is the ‘hostility’ symptom grouping within the eleven-factor model, both 

of which were entered in their respective regression equations. While the symptoms of 

conceptual disorganisation (‘loose associations’, ‘tangentiality’ and the like) were 

significantly related to the dependant measure, they did not enter the predictive equation 

under the eleven dimensional model where these symptoms are treated as an individual 

group, as the variance they explain in the dependant measure was covered adequately by 

other variables within this model, as indicated through the partial correlation analyses 

(Table 63). In sum, however, it was clear that the treatment of these symptom groupings 

as smaller, more homogeneous groups, as displayed in the eleven-dimensional model, led 

to a more useful and powerful prediction of performance on the ‘flexibility’ task: while 

almost the same symptoms were included as predictors under each of the models (with 

the exception of the ‘anxious intropunitiveness’ grouping under the eleven dimensional 

model, which only contributed 2.2% additional variance), the more refined groupings, 

which were not weighed down by symptoms poorly correlated to each other or the 

dependant measure, produced statistically superior predictions of the target measure 

(Table 65). The model built from the eleven-dimensional model, despite largely 

encompassing similar symptoms, produced a significantly better prediction than both the 

three-factor model or the five factor model: t(93)=2.78, p<0.01 and t(93)=2.92, p<0.01 

respectively. 
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Table 73: Pearson correlations between individual symptoms comprising those 
symptom groupings emerging as significant predictors of performance on the 
‘flexibility composite score under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia 
 Modified 

Wisconsin Card 
Sort (% 

perseverative 
errors) 

Antisaccade 
Task (% 

disinhibitive 
errors) 

COWAT 
(total words) 

Animal Naming 
Task 

(Total words) 

‘Flexibility’ 
(Composite 

Score) 

Three Factor Model      
Negative       
Difficulty in Abstract Thinking  -0.42*** -0.44*** -0.43*** -0.38*** -0.56*** 
Disorientation  -0.09 -0.24* -0.28** -0.36*** -0.27** 
Inattentiveness During Mental Status Testing  -0.21* -0.27* -0.20 -0.21* -0.32** 
Emotional Withdrawal  -0.24* -0.21 -0.26* -0.27** -0.34** 
Passive/Apathetic Social Withdrawal  -0.06 -0.25* -0.25* -0.17** -0.26* 
Lack of Spontaneity and Flow of Conversation  -0.27* -0.16 -0.14 -0.29 -0.28** 
Motor Retardation  -0.13 -0.15 -0.18 -0.18 -0.25* 
Unchanging Facial Expression  -0.07 -0.07 -0.02 -0.14 -0.11 
Decreased Spontaneous Movements  0.00 -0.18 -0.13 -0.10 -0.18 
Paucity of Expressive Gestures  -0.08 -0.20 -0.04 -0.18 -0.17 
Affective Responsivity  -0.22* -0.13 -0.16 -0.19 -0.26* 
lack of Vocal Inflections  -0.13 -0.24* -0.08 -0.11 -0.20 
Poverty of Speech  -0.08 -0.11 -0.18 -0.29** -0.22* 
Poverty of Content of Speech  -0.18 -0.19 -0.05 -0.15 -0.19 
Increased Latency of Response  -0.26* -0.04 -0.04 -0.25* -0.21* 
Grooming and Hygiene  -0.22* -0.30** -0.15 -0.21* -0.27** 
Impersistence at work or school  0.19 -0.18 -0.19 -0.16 -0.11 
Physical Anergia  0.06 -0.05 -0.10 -0.13 -0.06 
recreational Interests and Activities  -0.15 -0.04 -0.31** -0.31** -0.28** 
Inability to feel Intimacy and Closeness -0.14 -0.18 -0.21* -0.20* -0.23* 
Relationships with Friends and Peers  -0.22* -0.15 -0.35** -0.33** -0.36*** 
Disorganisation      
Bizarre Behaviour  -0.02 -0.12 -0.26* -0.22* -0.18 
Aggressive and Agitated Behaviour  -0.13 -0.25** -0.19 -0.22* -0.27** 
Loose Associations  -0.10 -0.40*** -0.13 -0.20 -0.27** 
Tangentiality  -0.21* -0.35** -0.12 -0.32** -0.28** 
Illogicality  -0.10 -0.20 0.01 -0.08 -0.14 
Circumstantiality  0.00 -0.09 0.22* 0.07 0.06 
Poor Impulse Control  -0.27** -0.32** -0.15 -0.19 -0.32** 
Five Factor Model      
Cognitive      
Difficulty in Abstract Thinking  -0.42*** -0.44*** -0.43*** -0.38*** -0.56*** 
Disorientation  -0.09 -0.24* -0.28** -0.36*** -0.27** 
Poverty of Content of Speech  -0.18 -0.19 -0.05 -0.15 -0.19 
Inattentiveness During Mental Status Testing  -0.21* -0.27* -0.20 -0.21* -0.32** 
Bizarre Behaviour  -0.02 -0.12 -0.26* -0.22* -0.18 
Loose Associations  -0.10 -0.40*** -0.13 -0.20 -0.27** 
Tangentiality  -0.21* -0.35** -0.12 -0.32** -0.28** 
Illogicality -0.10 -0.20 0.01 -0.08 -0.14 
Negative      
Emotional Withdrawal  -0.24* -0.21 -0.26* -0.27** -0.34** 
Passive/Apathetic Social Withdrawal  -0.06 -0.25* -0.25* -0.17 -0.26* 
Lack of Spontaneity and Flow of Conversation  -0.27* -0.16 -0.14 -0.29** -0.28** 
Motor Retardation  -0.13 -0.15 -0.18 -0.18 -0.25* 
Unchanging Facial Expression  -0.07 -0.07 -0.02 -0.14 -0.11 
Decreased Spontaneous Movements  0.00 -0.18 -0.13 -0.10 -0.18 
Paucity of Expressive Gestures  -0.08 -0.20 -0.04 -0.18 -0.17 
Affective Responsivity  -0.22* -0.13 -0.16 -0.19 -0.26* 
lack of Vocal Inflections  -0.13 -0.24* -0.08 -0.11 -0.20 
Poverty of Speech  -0.08 -0.11 -0.18 -0.29** -0.22* 
Increased Latency of Response  -0.26* -0.04 -0.04 -0.25* -0.21* 
Grooming and Hygiene  -0.22* -0.30** -0.15 -0.21* -0.27** 
Impersistence at work or school  0.19 -0.18 -0.19 -0.16 -0.11 
Physical Anergia  0.06 -0.05 -0.10 -0.13 -0.06 
recreational Interests and Activities  -0.15 -0.04 -0.31** -0.31** -0.28** 
Inability to feel Intimacy and Closeness  -0.14 -0.18 -0.21* -0.20* -0.23* 
Relationships with Friends and Peers  -0.22* -0.15 -0.35** -0.33** -0.36*** 
Eleven Factor Model      
Cognitive Dysfunction      
Difficulty in Abstract Thinking  -0.42*** -0.44*** -0.43*** -0.38*** -0.56*** 
Disorientation  -0.09 -0.24* -0.28** -0.36*** -0.27** 
Inattentiveness During Mental Status Testing  -0.21* -0.27* -0.20 -0.21* -0.32** 
Hostility      
Poor Impulse Control  -0.27** -0.32** -0.15 -0.19 -0.32** 
Aggressive and Agitated Behaviour  -0.13 -0.25* -0.19 -0.22* -0.27** 
Social Dysfunctions      
Grooming and Hygiene  -0.22* -0.30** -0.15 -0.21* -0.27** 
Impersistence at work or school  0.19 -0.18 -0.19 -0.16 -0.11 
Physical Anergia  0.06 -0.05 -0.10 -0.13 -0.06 
Emotional Withdrawal  -0.24* -0.21 -0.26* -0.27** -0.34** 
Passive/Apathetic Social Withdrawal  -0.06 -0.25* -0.25* -0.17 -0.26* 
recreational Interests and Activities  -0.15 -0.04 -0.31** -0.31** -0.28** 
Relationships with Friends and Peers  -0.22* -0.15 -0.35** -0.33** -0.36*** 
Inability to feel Intimacy and Closeness  -0.14 -0.18 -0.21* -0.20* -0.23* 
Anxious Intropunitiveness      
Anxiety  0.03 0.12 0.20* 0.20* 0.16 
Depression  0.13 0.09 0.13 0.12 0.12 
Suicidality  0.13 0.03 0.11 0.07 0.09 
Guilt Feelings  0.05 0.08 0.13 -0.05 0.04 
Delusions of Sin or Guilt  0.01 0.07 0.18 -0.01 0.07 

Two-tailed probability: *p<0.05  **p<0.01 ***p<0.001 
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Discussion: 

 

What are the implications of these results for Cohen’s (1993) 

neuropsychological model of attention within those diagnosed with 

schizophrenia? 

Cohen (1993) proposed four components within the human attentional system: one, 

termed ‘selection’, operating at a very early level of processing of perceptual stimuli 

(sensory selection and filtering), and hence not easily amenable to clinical 

neuropsychological assessment. The remaining three aspects, given that they largely relate 

to processes at later stages of processing, were examined in the current study using 

common neuropsychological tests, as proposed by Cohen (1993). The aspect of ‘control’ 

was proposed to comprise four related components: response intention (reflected by 

phonemic and semantic fluency tasks), response initiation and inhibition (measured 

through Stroop task interference), active switching (tapped in the Modified Wisconsin 

Card Sorting Test, the Antisaccade task and through interference on the Trail Making 

Test) and executive regulation (which is a general component cutting across performance 

on all these tasks). Bottleneck factors to the ‘capacity’ of attention were proposed in 

Cohen’s (1993) model to relate to variable energetic factors (motivational state, arousal) 

and stable structural factors such as memory capacity (examined here by Digit Span, 

Spatial Span, Arithmetic and Letter-Number Sequencing tests), processing speed 

(assessed by Simple Reaction Time, Digit Symbol Substitution and Symbol Search tests) 

and global cognitive resources/intelligence. Finally, the ability to ‘sustain’ attention was 

regarded as a by-product of the other components, and was assessable through the 

Continuous Performance Task. 

 



 432

In the examination of the relationships between these aspects of attention, each 

operationalised through the aforementioned neuropsychological tests, several 

considerations for the Cohen (1993) model were identified. Firstly, while the 

independence of the ‘response initiation and inhibition’ measure was apparent, the factor 

analysis of the tests within the ‘control’ component was unable to support the 

independence of the measures of ‘response intention’ and ‘active switching’ 

subcomponents, and these were combined into a grouping here labelled ‘flexibility’. This 

was not unexpected, for a number of reasons: the identification of shared loadings 

between these tasks in other factor-analytic studies of participants diagnosed with 

schizophrenia (Jaeger et al., 2003); the fact that these neuropsychological tasks are not 

‘pure’ measures of specific cognitive functions, and all require shared ‘executive’ 

functions mediated in the frontal lobes, which was part of the reasoning behind Cohen’s 

(1993) description of these subcomponents as related aspects of a ‘control’ system. As a 

measure of support for this latter proposal, noteworthy correlations (albeit only small 

and trending toward statistical significance) were identified between the measure of 

‘response initiation and inhibition’ (Stroop interference) and the other tasks within the 

‘control’ component of attention (‘flexibility’, r=0.23, p<0.05), but no relationships were 

identified between this component and any other of the combined neuropsychological 

measures (‘processing speed’, ‘sustained performance’, or ‘memory capacity’).  

 

Secondly, in terms of the ‘capacity’ component of attention, neuropsychological 

measures of the proposed sub-components of ‘memory capacity’ and ‘processing speed’ 

were able to be distinguished through factor-analytic techniques, consistent with several 

studies within both neurologically-intact and among participants with schizophrenia 

diagnoses (Mirsky et al., 1991; Puckrop et al., 2003; Shum et al., 1990; Stankov, 1988). 

However, these components were strongly intercorrelated (r=0.47, p<0.01), as would be 
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anticipated through the Cohen (1993) framework and through examination of previous 

literature (Brebion et al., 2000; Hartman et al., 2002).  

 

Finally, the measure of ‘sustained performance’ was significantly correlated with all other 

aspects of the Cohen (1993) attentional framework, with the exception of the ‘response 

initiation and inhibition’ component (Table 62). Moreover, this measure was so 

enmeshed with other components that it shared near equal loadings with each of the 

‘processing speed’ and ‘memory span’ components (Table 51). Given that Cohen (1993) 

suggested that the ability to maintain attentional goals over time is a by-product of the 

other aspects of the model (‘selection’, ‘control’ and ‘capacity’), these findings are 

consistent with the proposals within the Cohen model. It should be noted, however, that, 

while some factor-analytic studies of test batteries similar to that used here have been 

able to identify an independent factor for Continuous Performance Task performance in 

comparison to other measures (Gold, unpublished, cited in Nuechterlein et al., 2004; 

Hobart, Goldberg, Bartko & Gold, 1999; Mirsky et al., 1991), these have in some cases 

used different measures of task performance (such as percentages of correct responses, 

commission errors or reaction time, rather than the d' sensitivity measure employed 

here). Additionally, there have been other studies in support of the shared relationship 

between this task and other measures of working memory, processing speed and 

flexibility (Nuechterlein et al., 2004), and given that the task was selected on the basis of 

its purported high load on working memory, relationships between performance on this 

task and those of working memory simply provide validation of the task itself. 

 

Indeed, it is clear that, with the exception of the measure of ‘response initiation and 

inhibition’, there were substantial inter-correlations between all of the assessed 

components of Cohen’s (1993) attentional framework (Table 71). This is consistent with 
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the concept of these measures examining aspects of an integrated system serving human 

attention. The findings here add to the existing literature in this area, supporting the 

assertion that the particular factor structure and relationships between these attentional 

components is the same amongst participants diagnosed with schizophrenia as it is 

amongst neurologically intact cohorts (Allen et al., 1997; Cohen, 1993; Kremen et al., 

1992; Mirsky et al., 1991; Pogge et al., 1994). While promising, however, the findings 

here do not provide an explicit test of the detail of the model, as the neuropsychological 

measures employed as operationalizations of the proposed attentional components are 

clearly not pure or specific measures of each examined aspect: with the overlap in 

neurocognitive functions required to successfully complete each task not allowing the 

possibility of explicit dissociations of performance. For example, the measures of 

‘processing speed’ employed here have been shown to be predictive of performance on 

the measures of ‘working memory’ (Brebion et al., 2000), as have tasks within the 

‘flexibility’ grouping (Goldberg, Patterson, Taqqu & Wilder, 1998). Similarly, working 

memory will clearly be heavily recruited for successful performance on the Identical Pairs 

version of the Continuous Performance Task employed here (Cornblatt et al., 1989). As 

such, while consistent with the propositions of Cohen’s (1993) model, an enmeshment of 

performance on the measures employed in the current study is unavoidable. For a 

explicit assessment of the integrity of the Cohen (1993) model of attention, specific 

cognitive paradigms will need to be employed.  
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Is there evidence for the validity of the eleven-factor model of 

symptoms? 

This is the key question that this study was designed to examine. In order to determine 

the evidence in support of the validity of the eleven-factor model, the findings of the 

current study are reviewed in relation to three aspects of this question, namely: whether 

symptom measures were useful predictors of performance on attentional tasks; if 

application of the eleven-factor model of symptoms yielded any advantage over the more 

parsimonious three- or five- factor models in terms of such predictions; and finally, 

whether there is evidence that the symptom groupings under the three- and five- factor 

models harbour heterogeneous sub-groups, which is a fundamental assumption of the 

eleven-factor model.  

 

 

1. Were symptom measures useful predictors of performance? 

There were significant relationships between the degree of at least some aspect of 

symptomatology under each of the three-, five- and eleven- factor models and all of the 

examined domains of attention, with the exception of the ‘focus’/‘response initiation and 

inhibition’ (Stroop task interference). Findings for each of the remaining attentional 

components are reviewed individually below.  

 

The ‘processing speed’ component was assessed by a combined variable that included 

performance on tasks with heavy loading on graphomotor function (Digit Symbol – 

Copy), and measures of speeded processing where either the motoric component of task 

response was statistically removed (Simple Reaction Time) or was very limited (Symbol 

Search). Using the three-factor model of symptoms, both the degree of ‘negative’ and of 
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‘disorganisation’ symptoms were significantly, albeit moderately, inversely related to 

‘processing speed’ performance (r=-0.35 and r=-0.29 respectively, both p<0.01). 

However, ‘disorganisation’ symptoms did not predict a significant amount of 

performance variance beyond that explained by the degree of ‘negative’ symptoms and 

hence only ‘negative’ symptoms were included in a predictive regression equation, 

explaining 10.2% of task variance above that contributed by control variables of 

education level, duration of illness and degree of extrapyramidal symptoms 

(approximately 31%). Similar relationships were apparent under the five-factor model, 

with moderate inverse relationships identified between task performance and the degree 

of ‘negative’ or ‘cognitive’ symptoms (r=-0.27 and r=-0.40, p<0.01 respectively), 

although both contributed to prediction of performance in the regression model, 

explaining an additional 4.4% and 7.7% respectively (beyond the variance explained by 

the control measures). Using the eleven-factor symptom model, however, only the 

‘cognitive dysfunctions’ grouping was significantly related to ‘processing speed’ (r=-0.40, 

p<0.001) with relationships for several other symptom groupings appearing at trend 

levels (‘hostility’, ‘conceptual disorganisation’, ‘negative signs’ and ‘social dysfunctions’, 

r=-0.21 to -0.25, p<0.05) and not contributing any statistically significant explanatory 

variance beyond that provided by the ‘cognitive dysfunction’ grouping. While the degree 

of ‘negative signs’ and ‘conceptual disorganisation’ symptoms were hypothesised to be 

the symptom groupings most strongly predictive of ‘processing speed’ performance, on 

the basis of literature review, the degree of ‘cognitive dysfunction’ and ‘negative sign’ 

symptoms were entered into the regression equation predicting task performance, 

contributing 10.8% and 2.5% of explanatory variance beyond that of the control 

measures. The differences between the symptom groupings entered under each model 

could be reconciled by an examination of individual symptom relationships with the 

target measure, showing that the trio of symptoms defined in the eleven-factor model as 
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‘cognitive dysfunctions’ (‘difficulty in abstract thinking’, ‘disorientation’ and 

‘inattentiveness during mental status testing’) were the strongest correlates of 

performance. These contribute to the ‘negative’ symptom grouping in the three-factor 

model and the ‘cognitive’ grouping in the five-factor model, with these groupings being 

the strongest predictors in the regression analyses using each of these symptom models 

respectively. Smaller correlations between ‘processing speed’ and a pair of alogia-type 

symptoms also explained the inclusion of ‘negative’ symptoms in the three- and five- 

factor symptom models, and of ‘negative signs’ in the eleven-factor structure.  

 

The ‘memory span’ component of attention was assessed by a trio of measures of verbal 

working memory: the Digit Span-Backwards, Arithmetic and Letter-Number Sequencing 

subtests of the WAIS-III. Using the three-factor model of symptoms, only the degree of 

‘negative’ symptoms was significantly correlated with performance on this measure, albeit 

moderately so (r=-0.30, p<0.01). This was also included in the regression equation 

predicting ‘memory span’ performance, contributing 4.9% of variance beyond the 30% 

explained by the control measures of years of education and the level of antipsychotic 

medication. Under the five-factor model, only the degree of ‘cognitive’ symptoms related 

to ‘memory span’ performance (r=-0.45, p<0.001), and contributed 11.0% of variance 

beyond the control measures in the predictive regression model. Using the eleven-factor 

model, however, the degree of ‘cognitive dysfunction’ symptoms, consistent with the 

hypothesis, was strongly inversely related to performance on the ‘working memory’ 

measure (r=-0.73, p<0.001), with this grouping contributing 28.4% of variance beyond 

the control measures in the regression model predicting task performance, supplemented 

by an additional 2.1% of variance explained by the degree of ‘loss of boundary delusions’. 

This model using the eleven-factor symptom grouping produced a statistically significant 

improvement in the degree of predictive fit over the regression equations defined using 
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the three- and five- factor symptom models. Similar to the findings for the ‘processing 

speed’ models, the reason for the shifting symptom-grouping correlations across 

symptomatological models was apparent when the relationships with individual 

symptoms was examined in greater detail: the symptom trio reflecting ‘cognitive 

dysfunctions’ under the eleven-factor model had very strong correlations with the target 

variable and was present in each of the three-factor ‘negative’ and five-factor ‘cognitive’ 

symptom groupings, with virtually none of the other symptoms included within these 

factors producing any relationship with ‘working memory’ variables at all (with the 

exception of ‘recreational interests’, ‘relationships with friends and peers’, and 

‘tangentiality’).  

 

Consistent with the shared loadings with ‘working memory’ and the heavy demand on 

this aspect of attention for completion of the Continuous Performance Task – Identical 

Pairs version, symptom correlations with performance on the ‘sustained performance’ 

measure were similar to those identified for ‘working memory’. Using the three-factor 

symptom model, a small inverse correlation, trending toward significance was identified 

with the degree of ‘negative’ symptoms and vigilance (r=-0.27, p<0.05), with this 

symptom grouping contributing 4.1% of variance to the prediction of task performance 

in the regression model beyond that 24% contributed by the control measures of years of 

education, duration of illness, and level of antipsychotic medication. In the five-factor 

model, only the level of ‘cognitive’ symptoms related significantly to ‘sustained 

performance’ (r=-0.35, p<0.01), with this contributing 4.4% of variance beyond the 

control measures in the predictive regression model. Using the eleven-factor symptom 

model, more substantial relationships were identified between the clinical ratings of 

‘cognitive dysfunction’ and the measure of sustained performance (r=-0.49, p<0.001), 

although, in contrast to the hypothesis, no substantial relationship between the degree of 
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‘negative signs’ and the task. ‘Cognitive dysfunction’ contributed an additional 10.7% of 

variance in the prediction of task performance beyond that of the control measures in 

the regression model. Again, clarifying the shifting symptom dimension relationships 

across models, examination of the relationships between individual symptoms and 

sustained performance showed that relationships primarily related to the trio of 

symptoms defined as ‘cognitive dysfunction’ which were present in each of the 

significant predictor groupings. Only minor relationships (0.01<p<0.05) were identified 

for individual symptoms of ‘poverty of speech content’, ‘recreational interests’ and 

‘relationships with friends and peers’.  

 

The combined variable labelled ‘flexibility’ comprised several measures of executive 

function (semantic and phonemic fluency, modified WCST and antisaccade task errors). 

This showed substantially greater relationships with symptom groupings than did the 

other assessed components of attention. Using the three-factor symptomatological 

model, moderate, but statistically significant correlations were identified between task 

performance and the degree of ‘negative’ and ‘disorganisation’ symptoms (r=-0.46, 

p<0.001 and r=-0.34, p<0.01 respectively). Applying these groupings in a regression 

model to predict performance on this combined ‘flexibility’ measure showed that the 

degree of ‘negative’ symptoms explained 20.4% of task variance, and ‘disorganisation’ 

contributed 5.3%, beyond the 5% of variance explained by the control measures of 

duration of illness and level of antipsychotic medication. Findings using the five-factor 

symptom model were consistent with these: both the degree of ‘cognitive’ and ‘negative’ 

symptoms significantly related to ‘flexibility’ performance (r=-0.44 and -0.36 respectively, 

both p<0.001), and both contributed significantly to the prediction of task performance 

beyond the control measures employed (16.2% and 8.3% additional variance 

respectively). Using the eleven-factor symptom model, it was hypothesised that the 
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strongest relationships would be identified between the degree of ‘cognitive dysfunction’ 

and ‘active switching’ performance (WCST and antisaccade errors); and the degree of 

‘negative signs’ and ‘conceptual disorganisation’ and ‘response intention’ performance, 

the two proposed aspects of attention that were combined into the ‘flexibility’ measure 

through the scale reliability process. There was some level of support for these 

hypotheses when the combined measure was examined, with significant relationships 

identified between ‘flexibility’ performance and the degree of ‘cognitive dysfunction’ (r=-

0.52, p<0.001), ‘hostility’ (r=-0.32, p<0.01), ‘social dysfunctions’ (r=-0.35, p<0.01), and 

‘negative signs’ (r=-0.28, p<0.01), with weaker relationships trending toward significance 

for the ‘conceptual disorganisation’ and ‘bizarre behaviour’ groupings (0.01<p<0.05). 

Using the eleven-factor symptom model, the regression equation predicting performance 

on the ‘flexibility’ combined measure was statistically significantly superior to those 

identified under the simpler symptom models, with significant contributions to 

prediction provided by the degree of ‘cognitive dysfunction’ (explaining 28.1% of task 

variance beyond the control measures), hostility (7%), social dysfunctions (4.5%), and 

anxious intropunitiveness (2.2%). While clearly the symptom trio of ‘cognitive 

dysfunction’ was strongly related to performance and was present in each of the 

symptom groupings most closely predictive of ‘flexibility’ in the regression equations 

using each symptom model, moderate inverse relationships were shown between the 

combined variable and several specific symptom groups (most notably symptoms of 

hostility, cognitive slippage, alogia, and social dysfunctions) which underpinned the 

multiple other identified symptom relationships. 

 

Examining these findings, it is clear that there is evidence to suggest that the clinical 

ratings from the SANS, SAPS and BPRS/PANSS can prove to be useful predictors of 

performance on neuropsychological measures of attention beyond the variance explained 
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by measures such as illness duration, education level, the presence and level of 

pharmacological treatment or degree of extrapyramidal symptoms. Under each model, 

the strongest correlations between symptoms and task performance was consistently 

associated with a trio of items (‘difficulty in abstract thinking’, ‘disorientation’ and 

‘inattentiveness during mental status testing’) which were together defined as an 

independent grouping in the eleven-factor model (‘cognitive dysfunction’). These three 

items were responsible for the majority of the variance predicting neuropsychological 

task performance of the three-factor ‘negative’ symptom grouping and the five-factor 

‘cognitive’ dimension, within which these symptoms were subsumed. With the exception 

of these three symptoms, other groupings did prove to be statistically significant 

predictors of performance, such as ‘disorganisation’ in the three-factor model, ‘negative’ 

in the five-factor model, and ‘negative signs’, ‘social dysfunctions’, and ‘hostility’, among 

others, in the eleven-factor model, however these only displayed moderate correlations 

with neuropsychological test performance at best (in no case were correlations greater 

than r=|0.40| or 16% of variance). These findings, however, suggest clear benefits from 

the employment of the richer eleven-factor model: both in terms of identification of 

superior predictive models and the clarity of these relationships, issues which will be 

examined in greater detail below.  
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2. Did the eleven-factor model of symptoms show any advantages over 

more parsimonious symptom models? 

Using the fine-grained eleven-factor model of symptoms, prediction of performance on 

neuropsychological tests of attention was at least slightly greater (for prediction of 

‘processing speed’ and ‘sustained performance’) or statistically significantly superior (for 

prediction of ‘memory span’ and ‘flexibility’ components) than the predictions afforded 

using the symptom groupings defined under the three- or five- factor models as 

variables. This improvement occurred despite the inclusion of variance from a smaller 

number of individual symptoms when the eleven-factor model groupings were 

employed. Indeed, it may be this very fact that led to the superiority of the regression 

models using the eleven-factor model of symptoms: it was particularly apparent in the 

models predicting ‘memory span’ and ‘sustained performance’ that the improvement in 

fit largely arose due to the use of the ‘cognitive dysfunction’ symptom trio in isolation, 

rather than diluting their relationship with the dependent measure through their 

incorporation with symptoms that were only poorly correlated either with this symptom 

trio or the dependent measures in question (as occurred with their inclusion amongst 

‘negative’ symptoms in the three-factor model and ‘cognitive’ symptoms in the five-

factor model). Moreover, the greater clarity provided by the use of more homogeneous 

symptom groups under the eleven-factor model allowed the identification of somewhat 

unexpected symptom relationships: with the entrance of symptom groups such as 

‘hostility’ or ‘loss of boundary delusions’ in the predictive regression equations due to 

their independent contributions being able to be identified using fine-grained symptom 

groupings, but lost amongst the background of symptoms uncorrelated with the target 

measures when coarsely combined into ‘positive’ or ‘disorganised’ dimensions.  
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This leads to the most important outcome of these findings: while Stuart (et al., 1999) 

noted that the use of the coarse symptom dimensions within the three-factor model 

“…has the potential to impair our ability to understand the relationship between the symptoms of 

schizophrenia and the underlying brain mechanisms” (p. 240), the present findings provide clear 

evidence that the three- and five- factor models of symptoms, beyond simply obscuring 

such relationships, are in fact, producing misleading relationships between symptom 

groupings and external variables. Examples of this are provided through the symptom 

relationships identified using the ‘sustained performance’ and ‘memory span’ measures: 

the three-factor ‘negative’ grouping correlated significantly with each of these 

components (r=-0.27, p<0.05 with ‘sustained performance’ and r=-0.30, p<0.01 with 

‘memory span’), and both entered the regression equations as contributing significantly 

to prediction of performance on each measure. In the derivation of the eleven-factor 

model of symptoms, however, it was identified that the symptoms combined within the 

three-factor model’s ‘negative’ grouping could be instead broken into three components, 

labelled as ‘negative signs’, ‘social dysfunctions’ and ‘cognitive dysfunctions’. The first 

two of these subdivisions were closely related (Pearson’s r=0.51, p<0.01), however, the 

‘cognitive dysfunction’ grouping was shown to be largely independent of both the degree 

of ‘negative signs’ (r=0.21) and ‘social dysfunctions’ (r=0.24) among the current cohort. 

When the individual relationships between each of these symptom subdivisions and the 

neuropsychological measures were examined, it was clear that, of the three groups, only 

the ‘cognitive dysfunction’ symptom grouping related to the dependent measure: in the 

prediction of ‘sustained performance’, the degree of ‘cognitive dysfunction’ symptoms 

was correlated at r=-0.49 (p<0.0001), while insubstantial correlations were identified with 

the level of ‘negative signs’ (r=-0.12, p>0.05) and ‘social dysfunction’ (r=-0.15, p>0.05) 

symptoms, with these negative findings for the latter groupings not due to a lack of 

experimental power. Similar results were apparent through examination of the symptom 
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relationships with ‘memory span’: with ‘cognitive dysfunctions’ correlating significantly 

(r=-0.73, p<0.0001) but no relationships identified with ‘negative signs’ (r=-0.09, 

p>0.05) or ‘social dysfunctions’ (r=-0.17, p>0.05). Consistent with this, when the 

correlations between task performance and the 21 individual symptom items subsumed 

within the three-factor model’s ‘negative’ symptom factor were examined, there were no 

substantial correlations (r>|0.30|, explaining less than 9% of task variance) identified for 

any symptom and performance on either measure, other than the three symptoms 

contributing to the ‘cognitive dysfunction’ grouping. This makes it clear that any 

relationship between the three-factor model ‘negative’ symptom dimension and performance on either 

‘sustained performance’ or ‘memory span’ is entirely due to the inclusion of clinical ratings of ‘cognitive 

dysfunction’ (symptoms such as ‘inattentiveness during mental status testing’, ‘disorientation’ or ‘difficulty 

in abstract thinking’) within this dimension, rather than reflecting relationships with symptoms at the 

conceptual core of the negative symptom concept. This may help reconcile findings identified in 

the preceding literature review where the symptom correlates of task performance appear 

to shift in a contradictory fashion across symptom models: such as the strongest 

correlates of WCST performance being the degree of ‘negative’ symptoms using the 

three-factor model of symptomatology (Niewenstein et al., 2001), however, when the 

five-factor symptom model is applied, significant relationships are found between the 

task and the degree of ‘cognitive’, but not ‘negative’ symptoms (Good et al., 2004). When 

one considers that the clinical symptom ratings of ‘cognitive dysfunction’ are common 

components of both the three-factor ‘negative’ grouping and the five-factor ‘cognitive’ 

grouping, this change in relationships through use of the different symptom models is 

easier to comprehend.  

 

The findings identified in the current study necessarily bring into question the 

conclusions of previous research where the three-factor model of symptoms has been 
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employed: for example, if these results are generalisable, it becomes unclear whether the 

apparently robust meta-analytic identification of relationships solely between the degree 

of ‘negative’ symptoms under the three-factor model and sensitivity on the Continuous 

Performance Task (with no relationships identified for the ‘reality distortion’ or 

‘disorganisation’ groupings: Niewenstein et al., 2001) suggests a genuine shared 

relationship between the brain system(s) underlying performance on the task and that 

underlying the production of ‘negative’ symptoms, or whether it is simply reflective of an 

artefact of inappropriate assumptions made in the derivation of the three-factor model of 

symptomatology (i.e. the suggestion that cognitive dysfunction is intrinsically related to 

the negative symptom concept). As such, rather than providing a solution to the 

heterogeneity problem, employment of simple models for the description of 

psychopathology may be further contributing to the obscurement of the true nature of 

the processes underlying the expression of symptoms.  

 

At a minimum, it may be concluded that the present findings provide clear support for 

the independence of the clinical measures of ‘cognitive dysfunction’ from other 

symptoms (an issue examined in greater detail in the subsequent section); and lead to the 

clear recommendation that, where significant correlation between ‘symptom’ dimensions 

and external measures have been identified using complexes that mix both genuine 

clinical symptoms/signs and proxy clinical measures of cognitive dysfunction (such as 

those that occur using the current ‘negative’ grouping in the three-factor model and the 

‘cognitive’ grouping in the five-factor symptom model), then these findings are clearly in 

need of careful re-evaluation.  
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3. Is there evidence that the symptom groupings in the three- and five- 

factor models harbour heterogeneous sub-groups? 

In the first study of this series, it was apparent that the symptom groupings under the 

three- and five- factor models of symptomatology combined poorly related symptoms 

into groups. To better account for the relationships between symptoms, eleven 

homogeneous groupings of symptoms were defined, largely reflecting subdivisions of the 

coarse combinations defined under the three- and five- factor models. The logic of the 

current study was that, if it could be shown that these subdivisions of symptom factors in 

the existing models displayed differential relationships with external variables relevant to 

schizophrenia, then this would support the independence of such groupings. For 

example, the ‘negative’ dimension within the three-factor model of psychopathology was 

divided into three by the eleven-factor approach. If all three of these groups showed 

identical relationships with an external measure, then there is little evidence to support 

the validity of their division; however, if these groupings differ in their external 

relationships, then their independence is apparent. Table 74 summarises the evidence 

provided by the current study toward this end: reviewing the inter-correlations between 

the symptom groupings defined in the eleven-factor model in terms of their parent 

combinations in the three- and five- factor models, and the relationships between each of 

these eleven symptom groupings and the operationalised components of attention. The 

evidence for the independence of the symptom subgroups in the eleven-factor model 

from those they are combined with in other approaches will be reviewed in turn below. 
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Table 74: Summary of symptom grouping inter-relationships and correlations 
with attentional components 

Model 
Grouping 

Symptom Inter-relationships Component of Attention 
Evidence for 

independence 

3 5  Speed Sustain Span Flexibility 3 5 

Paranoia    -0.01 -0.13 -0.14 -0.11 ? ? 
Grandiosity 0.08   0.03 -0.01 0.02 0.05   
Auditory 
Hallucinations 

0.28* 0.22  0.03 0.00 0.00 0.02   

Re
ali

ty
 D

ist
or

tio
n 

Po
sit

iv
e 

Loss of Boundary 
Delusions 

0.18 0.09 0.43** 0.08 0.12 0.14 0.03 ? ? 

   Paranoia Grandiosity Auditory 
Hallucinations       

Negative Signs    -0.22* -0.12 -0.09 -0.28** ? ? 

N
eg

 

Social 
Dysfunctions 

0.51**   -0.25* -0.15 -0.17 -0.35**   

N
eg

at
iv

e 

Cognitive 
Dysfunction 

0.21 0.24  -0.40*** -0.49*** -0.73*** -0.52***   
  Negative 

Signs 
Social 
Dysfunctions 

 
      

Bizarre Behaviour 0.07   -0.19 -0.11 -0.08 -0.23*   Co
gn

iti
ve

 

Conceptual 
Disorganisation 

0.19 0.30*  -0.24* -0.14 -0.11 -0.22*   
  Cognitive 

Dysfunction 
Bizarre 
Behaviour 

 
      

 
Hostility 

0.26* 0.15  -0.21* -0.18 -0.21* -0.32**  n/a D
iso

rg
an

isa
tio

n 

E
xc

ite
m

en
t 

 Bizarre 
Behaviour 

Conceptual 
Disorganisation 

 
      

Note: *p<0.05; **p<0.01; ***p<0.001; Correlation values are Pearson Product-Moment coefficients; Text in bold, italics reflect 
symptom groupings that contributed significantly to the prediction of task performance, independently of control measures, such as 
medication, education level, extrapyramidal side effects or duration of illness; additionally underlined reflect symptom groupings that 
correlated significantly (p<0.05) with the target dependent measure when the variance explained by the contribution of all other 
symptom groupings was removed. 
 
 

 

The ‘reality distortion’ factor under the three-factor model of symptomatology (and, 

similarly, the parallel ‘positive’ symptom grouping in the five-factor model) was shown in 

the previous study to encompass a very heterogeneous group of symptoms. In the 

development of the eleven-factor model, this was subdivided into four groupings (with a 

further two groupings tentatively suggested but unable to be examined in the current 

study due to low symptom prevalence). As shown in Table 74, these fine-grained 

symptom groupings were all poorly inter-related, with the exception of ‘auditory 

hallucinations’ and ‘loss of boundary delusions’ (Pearson’s r=0.43, p<0.01, <19% shared 

variance), and to a lesser extent, ‘auditory hallucinations’ and ‘paranoia’ (r=0.28, p<0.05, 

<8% shared variance), with the presence of ‘grandiosity’ symptoms clearly separable 

from others. Examining the patterns of correlations between these four symptom 
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groupings and the four components of attention12, the degree of ‘grandiosity’ and 

‘auditory hallucination’ symptoms were almost totally unrelated to any measure. Both 

‘paranoia’ and ‘loss of boundary delusions’ bore very small relations with the ‘sustain’ and 

‘span’ measures, interestingly, in opposite directions, however it is very possible that 

these simply reflect random effects. None of these groupings contributed any significant 

degree of unique variance to the prediction of task performance beyond that explained 

by other symptom groupings (in the partial correlation analysis: Table 63). While this was 

the case, the ‘loss of boundary delusions’ grouping entered the regression model for the 

prediction of ‘memory span’, despite contributing only an extremely small amount of 

variance beyond other measures (just 2.4% beyond that explained by duration of 

education, antipsychotic medication level and the ‘cognitive dysfunction’ grouping). 

Further tentative evidence suggestive of some differentiability between the ‘loss of 

boundary’ grouping and the other three in this category was shown by the finding of a 

small, trend-level relationship between the presence of these symptoms and performance 

on the ‘response intention and inhibition’ measure, beyond the variance explained by 

other symptoms (partial correlation r=-0.23, p<0.05, explaining approximately 5% of 

task variance). As such, there is tentative evidence only for a differential relationship with 

external measures of attention for the ‘loss of boundary delusions’ grouping when 

compared to the other three symptom sub-divisions of the broader ‘reality distortion’ 

complex, with the remaining three groupings all unrelated to task performance. 

 

The internal consistency process in the derivation of the eleven-factor model identified 

that the three-factor model construction of ‘negative’ symptoms could instead be better 

considered as three subgroups. As discussed previously, there is substantial evidence for 
                                                 
12 In this and subsequent discussions of the relationships between symptom groupings and the 
operationalised components of attention, the ‘response intention and inhibition’ component (Stroop Test 
interference) will not be examined given that there were no symptom groupings under any model 
contributed significantly to its prediction. 
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the independence of the ‘cognitive dysfunction’ symptom grouping from the other two 

sub-components of this broad domain (here defined as ‘negative signs’ and ‘social 

dysfunctions’): being poorly correlated with the other two groupings phenomenologically 

(sharing less than 6% of variance with either: Table 74), and strongly related to 

performance on all components of attention, explaining substantial additional variance 

beyond that contributed by other symptoms, while the other two groupings were only 

weakly- or un- correlated with the neuropsychological measures and generally 

contributed no significant variance to such performance beyond that explained by other 

symptom measures (Table 74). The other two sub-components were more closely related 

phenomenologically (Pearson’s r=0.51, p<0.01, sharing approximately 26% of variance), 

and it was clear that their correlations with the neuropsychological variables tended to 

run in parallel to each other (Table 74). However, these groupings entered regression 

models predictive of performance on different neuropsychological measures (‘negative 

signs’ contributing to the prediction of ‘processing speed’, and ‘social dysfunctions’ 

assisting prediction of ‘flexibility’). More persuasively, the partial correlation analysis 

showed that the degree of ‘social dysfunction’ symptoms also contributed significantly to 

the prediction of ‘flexibility’ even after the level of variance explained by all other 

symptoms was controlled for. As such, despite the moderate phenomenological 

relationships between the two groups, there is some evidence that these have differential 

relationships with external measures. It is possible that the general pattern of similar 

relationships with the neuropsychological tests for both of these groupings is simply 

reflective of the degree of shared variance between symptom measures, due to the fact 

that some of the exhibition of ‘social dysfunction’-type symptoms may be behavioural 

responses to the experience of ‘negative signs’. In sum, however, tentative validation of 

the independence of the ‘negative signs’ and ‘social dysfunction’ grouping has been 

suggested by these findings, with clear validation of the independence of the ‘cognitive 
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dysfunction’ set from other symptoms within the broad three-factor model conception 

of ‘negative’ symptoms. 

 

With the exception of affective-type symptoms (not present in the three-factor model 

and grouped consistently in the five- and eleven- factor models, and which did not relate 

to performance under any of the neuropsychological measures other than ‘flexibility’), 

the remaining symptoms assessed in the SANS, SAPS, and BPRS/PANSS were grouped 

very differently in the three- and five- factor models. The three-factor model 

‘disorganisation’ grouping was, under the eleven-factor model, subdivided into three 

subgroups that were poorly inter-correlated (‘hostility’, ‘conceptual disorganisation’ and 

‘bizarre behaviour’, with none sharing more than 10% of variance: Table 74). Under the 

five-factor model, this ‘disorganisation’ factor is split into two, namely the ‘cognitive’ 

factor, and the group of ‘hostility’ symptoms (along with some others that were not 

prevalent enough for examination in the current cohort) forming an ‘excitement’ factor. 

The symptoms within the ‘cognitive’ factor were poorly inter-correlated (Table 74) and 

sub-divided into groupings of ‘bizarre behaviour’, ‘conceptual disorganisation’ and 

‘cognitive dysfunction’. Examining the relationships between symptom sub-groupings 

and neuropsychological measures, in terms of the five-factor model ‘cognitive’ 

dimension, the ‘cognitive dysfunction’ sub-grouping was clearly independent from the 

other sub-components, being strongly associated with each of the measures of attention 

while both the ‘bizarre behaviour’ and ‘conceptual disorganisation’ shared similar 

patterns of poor correlations with these measures. The symptom sub-groupings within 

the three-factor model ‘disorganisation’ dimension were more difficult to differentiate, 

with the correlations for each of these groupings with the neuropsychological measures 

tending to ebb and flow together. In particular, the ‘bizarre behaviour’ and ‘conceptual 

disorganisation’ groupings were very similar, and there was certainly no evidence for their 
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independence from their patterns of correlations with the external variables. The 

‘hostility’ sub-grouping, however, which was separated from the ‘bizarre 

behaviour’/‘conceptual disorganisation’ pair when the five-factor model structure was 

imposed, was generally more strongly associated with the neuropsychological measures 

than the other two symptom groupings, and contributed a significant amount of variance 

to the prediction of ‘flexibility’ independent of that explained by other factors, as well as 

entering into the regression model for this variable. As such, there is some suggestion for 

the validity of considering the grouping of ‘hostility’ independent of the ‘bizarre 

behaviour’ or ‘conceptual disorganisation’ symptom subgroups. 

 

In sum, while there was good evidence within the current cohort for the 

phenomenological independence of all of the symptom groupings proposed within the 

eleven-factor model, not all of these were able to be validated as independent symptom 

dimensions through examination of relationships with components of attention. There 

was substantial evidence in support of the validity of the ‘cogitative dysfunction’ 

grouping, as this was clearly independent of other symptoms measured in the item set, 

related strongly with the neuropsychological measures beyond the variance explained by 

other symptoms, and contributed strongly to the prediction of these measures, in some 

cases producing statistically superior degrees of fit than regression equations using the 

three- or five- factor symptom dimensions as predictive variables. There was also some 

measure of external support for the independence of the ‘social dysfunctions’ and 

‘hostility’ groupings, as both of these correlated significantly with the dependent 

measures when the variance accounted for by other symptoms in the set were controlled 

for, as well as contributing significantly to the regression model predicting performance 

on the flexibility measures. The sub-groups ‘negative signs’ and ‘loss of boundary 

delusions’, while contributing to the prediction of some of the components of attention, 
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did not appear to provide significant unique contributions to this prediction, and as such, 

their status in relation to external validation of their independence is questionable. In 

terms of the implications for existing models of the symptomatology of psychosis, the 

current study demonstrates that the ‘negative’ symptom complex under the three-factor 

model, and the ‘cognitive’ symptom complex within the five-factor model are clearly 

inappropriate; that ‘hostility’ is likely independent of other symptoms subsumed within 

the three-factor conception of ‘disorganisation’; and that combinations of measures of 

blunting with measures of performance in daily life is dubious (as occurs in the 3- and 5- 

factor conceptions of ‘negative’ symptoms: c.f. Liddle, 1987). On the other hand, in 

terms of the eleven-factor model proposed here, the pattern of correlations identified 

with these neuropsychological measures places a question mark as to whether there has 

been a degree of over-splitting in the model, in reference to the ‘bizarre behaviour’ and 

‘conceptual disorganisation’ symptom groupings in particular, and possibly also within 

some of the ‘reality-distortion’ spectrum of symptoms.  

 

 

Reconciling the findings: A conceptual framework  

The brief survey of the literature above found that dysfunctions in attention have been 

consistently noted throughout the history of the diagnosis of schizophrenia (Kraepelin, 

1919), and a common complaint of those so diagnosed (McGhie & Chapman, 1961). 

Moreover, between-group deficits on tests of attention have been commonly identified 

(Heinrichs & Zakzanis, 1998), and appear to be promising predictors of future 

development of the illness amongst those at high genetic risk (Freedman et al., 1998). 

However, it had also been identified that ‘attention’ is a complex construct, which is 

often defined differently between researchers (Cohen, 1993), and that specific aspects of 

‘attention’ may be related to the presence of particular symptoms within those 
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experiencing schizophrenia, rather than being necessary, characteristic traits of the 

diagnosis (Egan et al., 2000; Palmer et al., 1997). The identified relationships between 

symptoms and measures of attention to date, however, had been only moderate or weak 

(Tables 36-48). On the basis of these facts, with the knowledge that much of the 

symptom modelling to date provided a great mismeasure of the structural nature of 

symptoms within those diagnosed with schizophrenia, it was proposed that if there were 

relationships between particular symptoms and measures of aspects of attention, then 

these may be being obscured by the use of models providing poor descriptions of 

symptoms. As such, if this was the case, then it was considered that the use of the more 

focused and homogeneous symptom groupings developed in the current study would 

identify stronger relationships with aspects of attention, which would, in turn, provide a 

measure of validation for the symptom model itself. 

 

These predicted relationships between symptom groups and neuropsychological 

measures of components of attention were not identified, with the findings instead 

suggesting that the relationships arose from issues independent of, or peripheral to, those 

symptoms considered to be central to the concept of schizophrenia (such as hallucinations, 

delusions, negative signs, or thought disorder). As such, two key questions arise from 

these findings: firstly, were there any methodological reasons for the lack of identification 

of the proposed relationships between symptomatology and the measures of attention 

(i.e. that relationships were in fact there, but methodological design deficiencies 

conspired to obscure them); and secondly, if this is not the case, is there evidence to 

suggest the independence of neuropsychological measures of attention from 

symptomatology, and if so, what does this mean for our approach toward 

‘schizophrenia’? 
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Methodological Issues 

Possible methodological reasons for the lack of identification of relationships with 

symptom groupings will be briefly discussed below, under several main headings: the 

complexities of the neuropsychological measures adopted; the nature of the symptom 

groupings used as predictors; characteristics of the participant group; analysis logic; and 

item set artefacts. 

 

Complexities of the Neuropsychological Tasks 

Neuropsychological tests are often defined according to the functions or brain regions 

that they are proposed to measure, such as ‘frontal lobe’ tasks or tests of ‘working 

memory’. However, as had been noted in the preceding review of findings in regard to 

each domain of attention, the vast majority of neuropsychological measures that are 

applied clinically are complex tasks, which generally require the operation of a number of 

different cognitive processes (Fossati, Amar, Raoux, Ergis & Allilaire, 1999; Shallice, 

Burgess & Frith, 1991). Table 75 summarises many of the cognitive functions required 

for the successful performance of the neuropsychological tasks used in the current study. 

The implication of this is that poor performance on any given task may arise from 

multiple causes. This has been clearly shown in the case of the Wisconsin Card Sorting 

Test, where poor utilisation of feedback may arise from a failure to shift cognitive set or 

due to a failure to retain that new information, both of which are functions relating to 

very different regional areas; and studies have demonstrated that the pattern of 

perseverative errors on the task is indistinguishable between patients with frontal lobe 

and non-frontal damage (Anderson, Damasio, Jones & Tranel, 1991). Other factors that 

may contribute to variability are tasks were there performance can be enhanced by the 

adoption of different strategies by the respondent (such as fluency measures or digit 
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symbol-coding), and that many measures do not include any internal control measures 

(MacDonald & Carter, 2002), or where they do, they may be inadequate (such as the 

Trail-Making Test: Gaudino, Geisler & Squires, 1995).  

 

One possible alternative approach to this situation would be the use of the case-study 

methods, where large numbers of tests are given to a small number of patients, with tests 

selected on the basis of continual refinement of hypotheses derived from performance 

on each of the tasks delivered (Lezak, 1995; Shallice, Burgess & Frith, 1991). This may 

address one of the particular limitations of the methodological approach more 

commonly applied in schizophrenia research, where a small number of tests are 

uniformly applied to a large number of subjects, as in this scenario, the applied measures 

are required to be broad enough so that they can accommodate the full range of 

performance in both clinical and non-affected samples (i.e. avoid both floor and ceiling 

effects) as well as retaining sensitivity of assessment (Zakzanis, 1998). However, in 

studies seeking to examine reasons behind the marked heterogeneity of clinical 

presentation and cognitive ability among those diagnosed with schizophrenia, single-case 

or small-n studies are unlikely to produce robust or generalisable findings. 

 

Another possible alternative approach is that taken by cognitive neuropsychology, where 

investigation of much more specific cognitive processes can be performed, through the 

ability to simplify tasks (reducing the number of possible alternative approaches), to 

develop detailed and specific control measures (hence isolating variance due to specific 

functions), and to collect more precise information in regard to performance 

(MacDonald & Carter, 2002; Knight & Silverstein, 1998). This sort of approach has 

proved fruitful in describing specific systems that may be related to the expression of 

particular symptoms (Cahill & Frith, 1996; Green, 1998; McGrath, 1996; Nayani & 
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David, 1996; Neufeld & Williamson, 1996). As such, in the search for the processes 

underlying the expression of particular symptoms, a clinical neuropsychological approach 

such as that applied in the current study, may prove too coarse to identify these subtle 

deficits.  

 
 




