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Results 

 

General Smooth Pursuit Eye Movement Performance 

The mean performance of the participants on the four measures of smooth pursuit eye 

tracking under examination are summarised below in Table 76, and example eye 

movement recordings are presented in Figure 29. Geisser-Greenhouse corrected mixed 

ANOVA were conducted individually for each of the measures of eye tracking 

performance, rather than in a single doubly-multivariate design, in order to avoid 

problems due to multicollinearity, as the measures will be strongly inter-related. Due to 

violations of the assumption of normal distribution for the saccadic measures, these 

variables were transformed prior to analysis; and, similarly, to address violations of the 

assumption of homogeneity of variance for some of the post-hoc tests of simple main 

effects, both parametric and non-parametric inferential statistics for these tests are 

presented. Results from both approaches, as well as for the raw and transformed 

variables are largely consistent.   

 

In terms of dual mode pursuit (eye tracking performance with only eye blinks or closures 

removed), predictably, eye tracking velocity increased with target velocity: F(2.2, 

419.1)=2859.2, p<0.001. Clinical participants performed on a par with the neurologically-

intact participants overall: F(1, 195)=3.56, p=0.06; however, a significant group by target 

velocity interaction was present: F(2.2, 419.1)=113.8, p<0.001], and Bonferroni-adjusted 

follow-up tests show that the clinical participants tracked the target equally as well as the 

neurologically intact controls at target velocities of 5-30°/sec, but their performance fell 

away at the highest target velocity (35°/sec: Table 76 and Figure 30).  
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When periods of saccadic movements, whether compensatory or intrusive, during pursuit 

were removed (single-mode pursuit velocity), the obligatory main effect of target velocity 

remained: F(2.2, 426.9)=1363.5, p<0.001. Additionally, a general pursuit deficit for the 

clinical group is apparent: F(1,195)=10.6, p=0.001; however, the presence of a group by 

target velocity interaction suggests that this deficit is not consistent across all target 

velocities: F(2.2, 426.9)=12.2, p<0.001. Bonferroni-adjusted follow-up tests of simple 

main effects reveal a single-mode pursuit deficit in the patient group at the higher target 

speeds (25-35°/sec: Table 76 and Figure 31). Notably, there were no differences in 

single-mode pursuit between the groups at the moderate target speeds of 15 and 20°/sec, 

and the clinical group produced a statistically superior performance at the 10°/sec target 

velocity (Table 76).  

 

The distributions of positive-direction saccades were adjusted to normality using a mild 

square-root transformation; however, ANOVA findings did not change from those 

identified prior to the adjustment. Positively-directed saccades are likely to primarily 

reflect compensatory CUS, as 70-80% of all saccadic activity during tracking, either for 

participants with schizophrenia or control observers, relate to CUS, while positively-

directed intrusive saccades (SWJ and AS) account for 4-8% of saccadic activity (and 

participants with schizophrenia have repeatedly been shown to produce a greater number 

of CUS than controls, but not AS: Flechtner et al., 1997; Friedman, Jesberger & Meltzer, 

1991; Levy et al., 2000; Ross et al., 1996; Sweeney et al., 1994). A significant main effect 

of target velocity was identified: F(4.8, 959.4)=121.0, p<0.001; with Bonferroni-adjusted 

pairwise comparisons (p<0.01), showing that these were most frequent at a target 

velocity of 10°/sec, with the frequency of positive saccades significantly diminishing with 

increasing target velocity (although an equal frequency of positive saccades occurred at 

the 5 and 15°/sec target velocities). Overall, clinical participants produced significantly 
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more positively-directed saccades than controls: F(1, 200)=13.3, p<0.001; however, a 

significant group by target velocity interaction also arose: F(5.0, 959.4)=2.7, p=0.019, as 

the magnitude of the group differences diminished at the high target velocities, being 

reduced to the level of a trend at the 30°/sec target speed (Table 76 and Figure 32). 

 

The frequency of backward-directed reversal saccades followed a J-shaped distribution at 

all target velocities, with a large proportion of participants producing no such saccades. 

These values were reflected and inverted to approximate a normal distribution. ANOVA 

revealed a significant main effect of velocity: F(5.6, 1126.2)=17.6, p<0.001. Bonferroni-

adjusted pairwise comparisons (p<0.01) showed a general pattern of decreasing reversal-

saccade frequency with target velocity, with occurrence greater at the slowest target speed 

(5°/sec) than at the middle speed (20°/sec), where, in turn, the frequency of reversal 

saccades was greater than at the highest target speed (35°/sec); however, save for the 

5°/sec velocity, at which there were more reversal saccades than at all other target 

velocities, there were no differences in saccade frequency at adjacent target velocities. 

Overall, the clinical group produced a significantly greater number of reversal saccades: 

F(1, 200)=0.037; and the group by target velocity interaction occurred only at a trend 

level: F(5.6, 1126.2)=0.87, p=0.89, arising due to the differences between clinical and 

control groups only being reliable at the slowest target velocity (5°/sec: Table 76 and 

Figure 33).  

 

It was clear that there was a diversity of performance on these eye movement measures 

within the clinical participant group. This was apparent in the broader standard 

deviations for the clinical group on virtually every eye movement parameter (Table 76), 

and was also apparent in an examination of the qualitative ratings of eye tracking 

performance. Using the scale of Benitez (1970) on the raw eye tracking records of the 
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clinical participants over the 5, 10 and 15 deg/sec target speeds, the clinical group was 

almost perfectly divided in half, with 48 participants judged as ‘eye tracking disordered’ 

according to this scale (a mean qualitative rating of three or above on Benitez’s 4-point 

scale of severity, group mean 3.64) and the remaining 47 were within the range allowed 

for ‘normal’ performance (group mean 2.17).  
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0
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(c) Linear Eye Velocity

Schizophrenia Observer 2.
100 Right

100 Left

0 i h 
Figure 29: Examples of smooth and jumping dot pursuit eye movement in two 
randomly selected observers with schizophrenia and one randomly selected 
neurologically-intact observer. The traces for eye movement were offset for illustrative 
purposes. (a) shows eye position, (b) the target stimulus and (c) eye velocity. 
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Table 76: Comparison of clinical participants with an age-matched neurologically intact control group on measures of smooth pursuit eye 
movement performance 
 Control Group (n=102) Clinical Group (n=95)   
Dual Mode Pursuit Velocity Mean Std. Deviation Mean Std. Deviation F Mann-Whitney U 
5 deg/sec target velocity 4.81 0.28 4.84 0.39 0.21 4797.0 
10 deg/sec target velocity 9.36 0.73 9.48 0.75 1.40 4341.0 
15 deg/sec target velocity 13.57 1.15 13.69 1.55 0.39 4404.5 
20 deg/sec target velocity 18.05 2.04 18.01 1.94 0.02 4780.5 
25 deg/sec target velocity 22.09 2.61 21.71 3.17 0.88 4610.5 
30 deg/sec target velocity 26.18 3.26 25.01 4.42 4.53* 3989.5* 
35 deg/sec target velocity 29.64 4.45 27.34 5.91 9.62** 3402.5*** 
Single Mode Pursuit Velocity       
5 deg/sec target velocity 4.47 0.43 4.37 0.41 2.98 4004.5* 
10 deg/sec target velocity 7.45 0.94 7.92 1.11 10.41** 3604.5** 
15 deg/sec target velocity 10.79 1.40 10.69 1.71 0.21 4709.0 
20 deg/sec target velocity 14.37 2.11 13.86 2.30 2.61 4248.0 
25 deg/sec target velocity 18.32 2.95 16.43 3.23 18.40*** 3210.0*** 
30 deg/sec target velocity 21.25 4.04 19.34 4.80 9.14** 3575.5** 
35 deg/sec target velocity 24.33 5.31 21.31 6.43 13.04*** 3482.5** 
Number of Positive Direction Saccades 
5 deg/sec target velocity 3.74 2.02 5.59 2.74 29.24*** 2804.0*** 
10 deg/sec target velocity 4.05 1.78 6.27 2.48 52.40*** 2158.5*** 
15 deg/sec target velocity 3.40 1.42 5.01 2.15 39.02*** 2551.0*** 
20 deg/sec target velocity 2.99 1.46 4.22 1.95 25.15*** 3101.5*** 
25 deg/sec target velocity 2.48 1.38 3.68 1.80 28.21*** 3068.5*** 
30 deg/sec target velocity 2.19 1.31 2.71 1.57 6.52* 4021.5* 
35 deg/sec target velocity 2.00 1.39 2.55 1.49 7.10** 3783.5** 
Number of Reversal (Backward Direction) Saccades 
5 deg/sec target velocity 1.27 1.24 2.01 1.57 13.27*** 3424.0*** 
10 deg/sec target velocity 1.05 1.03 1.17 1.19 0.57 4691.0 
15 deg/sec target velocity 1.00 1.00 1.19 1.10 1.69 4312.0 
20 deg/sec target velocity 0.88 0.84 0.86 0.86 0.02 4750.0 
25 deg/sec target velocity 0.69 0.76 0.94 0.78 5.03* 3954.0* 
30 deg/sec target velocity 0.65 0.76 0.81 0.72 2.25 4216.5 
35 deg/sec target velocity 0.50 0.70 0.70 0.72 4.09* 4001.0* 
Notes: *p<0.05; **p<0.01; ***p<0.001 
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Figure 30: Dual-mode pursuit eye velocity as a function of target velocity (removing any eye blink periods). Error bars represent ±1 
standard deviation. 
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Figure 31: Single-mode pursuit eye velocity as a function of target velocity (removing any eye blink or saccadic periods). Error bars 
represent ±1 standard deviation. 
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Figure 32: Mean number of positive-direction saccades as a function of target velocity. Error bars represent ±1 standard deviation. 
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Figure 33: Mean number of backward-direction ‘reversal’ saccades as a function of target velocity. Error bars represent ±1 standard 
deviation. 
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Symptom Dimensions as Predictors of Eye Movement Performance 

The major aim of this component of the thesis was to determine whether the symptom 

groupings under the eleven-dimensional model of symptomatology of schizophrenia 

would emerge as significant predictors of eye movement, or that they would provide a 

superior prediction of performance in comparison to the symptom groupings under the 

three- or five- factor models. Three aspects of smooth pursuit eye tracking performance 

were examined in this study, namely the underlying pursuit (indexed here as single-mode 

gain, being the ratio of eye to target speed when all saccades or eye blinks occurring 

during pursuit are removed); the number of positive, forward-direction saccades 

occurring during pursuit; and the number of backward ‘reversal’ saccades occurring 

during pursuit. These were examined at seven target velocities, and summarised here into 

three velocity groupings to facilitate statistical analysis: slow (5-10 deg/sec); medium (15-

20 deg/sec) and fast (25-35 deg/sec) target velocities. For each of these three indices of 

eye tracking performance at each of these three velocity groupings, a similar statistical 

approach was taken to answer the research question. Firstly, the distribution of 

performance within the dependent variable in question (the eye tracking variable) was 

examined for normality and transformed where appropriate, as this facilitates the data 

meeting the assumptions underlying the regression techniques subsequently employed. 

Secondly, a series of variables that may potentially relate to performance on each of the 

eye movement dependent measures (as identified from the prevailing literature: e.g. Levy 

& Holzman, 1997; including age, years of educational experience, chlorpromazine 

equivalents of current antipsychotic medication, duration of illness, visual attention over 

2.5 minutes as indexed by the sensitivity index of the Continuous Performance Task 

Identical Pairs version, and the degree of extrapyramidal symptoms experienced as 

indexed by the Simpson & Angus, 1970, scale) were examined for their relationship with 



 543

the dependent measures. Third, stepwise linear regression analyses were conducted to 

determine wether symptom dimensions were useful predictors of performance on the 

target dependent measure. In each instance, any of the variables examined in the 

previous step that were notably correlated with the dependent 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 many 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 techniques 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; multicollinearity 

issues were explicitly tested using tolerance values and the condition index; with issues of 

linearity between variables and homoscedasticity of residuals examined graphically. In 

each analysis, these statistical assumptions were met, and any deviation from this or data 

adjustment required is noted in the discussion of the analysis concerned. 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 

under 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 symptom groupings and eye 

tracking variables were identified through regression, relationships between individual 
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symptoms within these groups were examined in order to help understand the 

differences between the symptom domains entered under each symptom model.  

 

These results for each of the three components of eye tracking performance are 

discussed separately and in turn in the sections below.  

 

1. Single-mode Pursuit Gain 

Performance on single-mode pursuit gain was distributed normally at each of the three 

target velocity groupings as well as for overall performance across all target velocities 

(Kolmogorov-Smirnov statistic = 0.049, 0.071, 0.062, and 0.047 for the ‘slow’, ‘medium’, 

fast’ and ‘overall’ target speeds respectively, all p=0.200). Examination of the 

relationships between single-mode pursuit gain performance and the control measures 

(Table 77) showed moderate inverse relationships between age and single-mode eye 

tracking performance (r=-0.21, -0.34, -0.23 and -0.30 for the ‘slow’, ‘medium’, ‘fast’ and 

overall target speeds respectively, all p<0.05: Table 77), with similar findings occurring 

for duration of illness and the dependent measures (r=-0.25, -0.20 and -0.22, for the 

‘medium’, ‘fast’ and overall target speeds respectively, all p<0.05). There were no 

significant relationships between this measure of eye tracking performance at any target 

speed and the extent of antipsychotic medication, years of education, sustained visual 

attention or the degree of extrapyramidal symptoms (Table 77). 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 duration of illness from this pair was employed as 

a control measure in subsequent analyses to avoid problems due to multicollinearity (and 

for consistency with the previous component of this study).  
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Correlations using the symptom groupings within the three-factor model of 

symptomatology did not show any significant relationships between any symptom group 

and single-mode pursuit gain at any target velocity (Table 77). This was consistent for 

both the original symptom model using items from the SANS and SAPS only, as well as 

the adjusted model using additional item content from the PANSS and BPRS-E. 

Moreover, power calculations (Table 79) indicate that this lack of identification of any 

significant relationship is unlikely to be due to poor experimental power, as even for the 

strongest relationship (r=-0.14 between the negative symptom grouping and single-mode 

pursuit gain at medium velocities), approximately 400 participants would be required to 

identify a robust relationship (power = 0.80, p<0.05). Consistent with this, the regression 

models for the prediction of single-mode pursuit gain did not enter any symptoms under 

the three-factor model as significant predictors of performance at any of the target 

velocities (Table 80) beyond the meagre amount of variance explained by the duration of 

illness (nil, 5.8%, 3.0% and 3.9% respectively for the ‘slow’, ‘medium’, ‘fast’ and overall 

target velocities respectively). The regression equations using only the duration of illness 

as a predictor explained a statistically significant amount of variance in the dependent 

measure at the ‘medium’, ‘fast’ and overall target speeds, but not at the slow target speed 

(Table 80). 

 

Findings using the five-factor model of symptomatology were very similar. There were 

no significant relationships between any symptom group under either the original 

literature models or the adjusted models and single-mode pursuit gain at any target 

velocity (Table 77), with the exception of a trend toward significance between the 

‘cognitive’ symptom grouping and single-mode pursuit gain at the medium (15-20 

deg/sec) target velocity (r=-0.21, p<0.05). This was only apparent using the symptom 

model developed from the extended item content (items from the PANSS rather than 
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just the SANS and SAPS), and remained stable (r=-0.22, p<0.05: Table 78) after partial 

correlations had removed the variance associated with the other symptom groups within 

this model, suggesting the independence of this relationship from the other symptom 

dimensions. Similarly, on examination of the power analysis for the symptom groupings 

under the five-factor model, only this ‘cognitive’ symptom dimension would produce a 

robust relationship with sample sizes of less than 350 participants, showing clearly that 

the lack of identification of any other relationships between symptom groupings and the 

dependent measures is unlikely to be an artefact of the size of the current sample. In 

keeping with these findings, the regression models for the prediction of single-mode 

pursuit gain did not enter any symptoms under the five-factor model as significant 

predictors of performance at any of the target velocities (Table 80) beyond the meagre 

amount of variance explained by the duration of illness (nil, 5.8%, 3.0% and 3.9% 

respectively for the ‘slow’, ‘medium’, ‘fast’ and overall target velocities respectively). The 

regression equations using only the duration of illness as a predictor explained a 

statistically significant amount of variance in the dependent measure at the ‘medium’, 

‘fast’ and overall target speeds, but not at the slow target speed (Table 80). 

 

The eleven-factor model of symptomatology offers an extension of the findings under 

the five-factor model. There were significant relationships only between the ‘cognitive 

dysfunction’ symptom grouping and single-mode pursuit gain at the fast target velocity 

(25-35 deg/sec, r=-0.27, p<0.01) and for single-mode pursuit gain averaged across all 

target frequencies (r=-0.27, p<0.01: Table 77), with a trend toward significance between 

this same symptom dimension and single-mode pursuit gain at the moderate target 

velocities (15-20 deg/sec: r=-0.25, p<0.05). Partial correlations, removing the variance 

associated with the other ten symptom groups within this model (Table 78) reduce the 

magnitude of these relationships slightly, and their statistical significance to that of 
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noteworthy trends (r=-0.22, -0.26 and -0.25 for the ‘medium’, ‘fast’ and overall target 

velocities respectively, all p<0.05), but it is clear that the ‘cognitive dysfunction’ symptom 

variable contributes something to the explanation of the variance in the dependent 

measures that is independent of the other symptom groupings within this model. 

Additionally, the ‘social dysfunctions’ symptom grouping also produced a correlation 

with single-mode pursuit gain at the ‘fast’ target velocities trending toward significance 

(r=-0.22, p<0.05) when the variance associated with the other ten symptom groupings 

under the eleven-factor model was removed (Table 78). Power analyses suggest that only 

the ‘cognitive dysfunction’ and ‘social dysfunctions’ symptom groupings would produce 

robust correlations with the overall single-mode pursuit gain with sample sizes of less 

than 500 individuals (Table 79). It is noteworthy that the ‘negative signs’ grouping, 

despite representing the conceptual ‘core’ of negative symptoms was clearly unrelated to 

single-mode pursuit performance (Table 79), despite the suggestion of an association 

between such symptoms and eye tracking disorder by several authors (e.g. Ross et al., 

1997; Ross, 2000).  

 

Again, in keeping with the findings of the correlational analyses, under the eleven-factor 

model of symptomatology, the ‘cognitive dysfunction’ symptom grouping was entered 

into the regression analyses as a significant predictor of single-mode pursuit gain at the 

‘medium’ and ‘fast’ velocities as well as for the overall pursuit gain performance (Table 

80). Addition of this symptom grouping into the prediction equation explained an 

additional 5.1%, 6.0% and 5.8% of the variance in the dependent measure at the 

‘medium’, ‘fast’ and overall target velocities respectively, beyond that which was 

explained by the control variable of duration of illness. Exploratory analyses also 

indicated that no other symptom groupings would enter as significant predictors of 

performance if the ‘cognitive dysfunction’ group was excluded from the prediction 
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equation. The regression equations explained a statistically significant amount of variance 

in the dependent measure at the ‘medium’, ‘fast’ and overall target speeds, but not at the 

slow target speed (Table 80). While the addition of ‘cognitive dysfunction’ as a predictor 

over the control measure of duration of illness (the only variable included in the 

prediction equations under the three- and five- symptom models) largely doubled the 

amount of variance in the pursuit gain dependent measure at each of the target velocities, 

the improvement in prediction, as indexed by the difference in the relationships between 

the actual and predicted performance under each model (Table 80) was not statistically 

significant. 
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Table 77: Pearson product-moment correlations between single-mode pursuit eye 
tracking gain (tracking with all saccadic and eye-blink components removed) and 
symptoms under the three-, five- and eleven- factor models 
 Slow  

(5-10 
deg/sec)  

Medium  
(15-20 

deg/sec)  

Fast  
(25-35 

deg/sec)  

Overall  
(5-35 

deg/sec)  
 
Control variables     
Age  -0.21* -0.34** -0.23* -0.30** 
Chlorpromazine equivalents 0.15 0.15 0.12 0.15 
Years of Illness  -0.08 -0.26* -0.20* -0.22* 
Years of education -0.06 0.09 0.01 0.02 
d′ CPT-IP 0-2.5 min 0.09 0.18 0.14 0.16 
Extrapyramidal Symptoms~ 0.01 -0.12 -0.14 -0.12 
Minimum N 88 88 88 88 
 
Three-factor model     
Positive (original) 0.04 0.04 -0.02 0.01 
Disorganised (original) 0.11 0.02 0.11 0.10 
Negative (original) -0.08 -0.12 -0.08 -0.11 
Positive (adjusted) 0.04 0.03 -0.01 0.01 
Disorganised (adjusted) 0.03 -0.05 0.04 0.01 
Negative (adjusted) -0.09 -0.14 -0.11 -0.13 
N 95 95 95 95 
 
Five-factor model     
Positive (original) 0.02 0.02 -0.01 0.00 
Cognitive (original) -0.01 -0.17 -0.12 -0.13 
Excitement (original) -0.04 -0.04 -0.03 -0.04 
Negative (original) -0.03 -0.01 0.04 0.02 
Mood (original) 0.00 0.05 0.04 0.04 
Positive (adjusted) 0.04 0.02 -0.04 -0.01 
Cognitive (adjusted) -0.01 -0.21* -0.15 -0.16 
Excitement (adjusted) -0.08 0.04 0.04 0.02 
Negative (adjusted) -0.07 -0.09 -0.06 -0.08 
Mood (adjusted) -0.05 0.04 0.08 0.05 
N 95 95 95 95 
 
Eleven-factor model     
Hostility -0.08 -0.03 -0.03 -0.05 
Conceptual disorganisation 0.08 -0.03 0.04 0.03 
Bizarre behaviour -0.03 -0.09 0.03 -0.01 
Grandiosity 0.04 -0.06 -0.03 -0.03 
Auditory hallucinations 0.09 0.14 0.00 0.06 
Loss of boundary delusions 0.05 0.03 -0.03 0.00 
Paranoia -0.14 -0.10 -0.05 -0.10 
Anxious intropunitiveness -0.05 0.04 0.08 0.05 
Cognitive dysfunction -0.11 -0.25* -0.27** -0.27** 
Social dysfunctions -0.13 -0.12 -0.14 -0.16 
Negative signs -0.01 -0.04 0.03 0.01 
N 95 95 95 95 
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 78: Partial correlations between single-mode pursuit eye tracking gain 
(tracking with all saccadic and eye-blink components removed) and symptoms 
under the three-, five- and eleven- dimension models. Partial correlations remove 
the variance explained by other symptoms within the given model 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model     
Positive (original) 0.04 0.04 -0.03 0.00 
Disorganised (original) 0.12 0.02 0.11 0.10 
Negative (original) -0.09 -0.12 -0.09 -0.11 
Positive (adjusted) 0.03 0.01 -0.02 0.00 
Disorganised (adjusted) 0.04 -0.04 0.05 0.03 
Negative (adjusted) -0.09 -0.13 -0.12 -0.14 
 
Five-factor model     
Positive (original) 0.03 0.06 0.02 0.04 
Cognitive (original) 0.00 -0.19 -0.14 -0.14 
Excitement (original) -0.04 -0.03 0.00 -0.02 
Negative (original) -0.03 0.04 0.08 0.05 
Mood (original) 0.00 0.08 0.05 0.06 
Positive (adjusted) 0.05 0.01 -0.06 -0.02 
Cognitive (adjusted) 0.02 -0.22* -0.15 -0.15 
Excitement (adjusted) -0.07 0.10 0.08 0.06 
Negative (adjusted) -0.07 -0.04 -0.03 -0.05 
Mood (adjusted) -0.04 -0.01 0.06 0.02 
 
Eleven-factor model     
Hostility -0.07 0.02 -0.07 -0.06 
Conceptual disorganisation 0.12 0.04 0.11 0.11 
Bizarre behaviour -0.02 -0.05 0.10 0.04 
Grandiosity 0.02 -0.09 -0.05 -0.05 
Auditory hallucinations 0.12 0.18 0.03 0.10 
Loss of boundary delusions 0.03 -0.05 -0.05 -0.04 
Paranoia -0.14 -0.11 -0.03 -0.09 
Anxious intropunitiveness 0.02 0.04 0.16 0.11 
Cognitive dysfunction -0.07 -0.22* -0.26* -0.25* 
Social dysfunctions -0.16 -0.11 -0.22* -0.20 
Negative signs 0.13 0.08 0.21 0.18 
 
N 

 
95 

 
95 

 
95 

 
95 

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 79: Power calculations for significant correlations between single-mode 
pursuit eye tracking gain (tracking with all saccadic and eye-blink components 
removed) and symptoms under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia 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  
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model     
Positive (original) >1000 >1000 >1000 >1000 
Disorganised (original) >500 >1000 >500 >500 
Negative (original) >1000 >500 >1000 >500 
Positive (adjusted) >1000 >1000 >1000 >1000 
Disorganised (adjusted) >1000 >1000 >1000 >1000 
Negative (adjusted) >500 398 >500 462 
 
Five-factor model     
Positive (original) >1000 >1000 >1000 >1000 
Cognitive (original) >1000 269 >500 462 
Excitement (original) >1000 >1000 >1000 >1000 
Negative (original) >1000 >1000 >1000 >1000 
Mood (original) >1000 >1000 >1000 >1000 
Positive (adjusted) >1000 >1000 >1000 >1000 
Cognitive (adjusted) >1000 176* 346 304 
Excitement (adjusted) >1000 >1000 >1000 >1000 
Negative (adjusted) >1000 >500 >1000 >1000 
Mood (adjusted) >1000 >1000 >1000 >1000 
 
Eleven-factor model     
Hostility >1000 >1000 >1000 >1000 
Conceptual disorganisation >1000 >1000 >1000 >1000 
Bizarre behaviour >1000 >500 >1000 >1000 
Grandiosity >1000 >1000 >1000 >1000 
Auditory hallucinations >500 398 >1000 >1000 
Loss of boundary delusions >1000 >1000 >1000 >1000 
Paranoia 398 >500 >1000 >500 
Anxious intropunitiveness >1000 >1000 >1000 >1000 
Cognitive dysfunction >500 124* 106** 106** 
Social dysfunctions 462 >500 398 304 
Negative signs >1000 >1000 >1000 >1000 
Notes: *p<0.05; **p<0.01; ***p<0.001 
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Table 80: Summary of stepwise multiple regression analyses predicting single-
mode pursuit eye tracking gain performance (tracking with all saccadic and eye-
blink components removed) 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) 

 

Slow  
(5-10 

deg/sec)  

Medium  
(15-20 

deg/sec)  

Fast  
(25-35 

deg/sec)  

Overall  
(5-35 

deg/sec)  
 
Three-factor model     
Years of Illness -0.078 -0.262 -0.201* -0.221* 
Positive (0.030) (0.001) (-0.033) (-0.012) 
Disorganised (0.050) (0.009) (0.088) (0.069) 
Negative (-0.092) (-0.150) (-0.122) (-0.142) 

F 0.567 6.830 3.928 4.770 
P 0.453 0.010 0.050 0.031 

SE of Estimate 0.081 0.100 0.137 0.095 
r 0.078 0.262  0.201 0.221 

Adjusted R2 0.000 0.058 0.030 0.039 
 
Five-factor model    

 

Years of Illness -0.078 -0.262 -0.201 -0.221* 
Positive (0.035) (0.006) (-0.051) (-0.021) 
Cognitive (0.006) (-0.166) (-0.116) (-0.120) 
Excitement (-0.070) (0.058) (0.059) (0.037) 
Negative (-0.075) (-0.104) (-0.068) (-0.091) 
Mood (-0.070) (-0.023) (0.039) (0.000) 

F 0.567 6.830 3.928 4.770 
P 0.453 0.010 0.050 0.031 

SE of Estimate 0.081 0.100 0.137 0.095 
r 0.078 0.262 0.201 0.221 

Adjusted R2 0.000 0.058 0.030 0.039 
 
Eleven-factor model 

    

Years of Illness -0.078 -0.252* -0.191 -0.210* 
Hostility (-0.081) (0.021) (0.023) (0.004) 
Conceptual disorganisation (0.111) (0.089) (0.152) (0.153) 
Bizarre behaviour (-0.023) (-0.054) (0.064) (0.018) 
Grandiosity (0.032) (-0.086) (-0.055) (-0.053) 
Auditory hallucinations (0.088) (0.126) (-0.009) (0.054) 
Loss of boundary delusions (0.054) (0.011) (-0.042) (-0.011) 
Paranoia (-0.137) (-0.051) (0.004) (-0.041) 
Anxious intropunitiveness (-0.070) (-0.025) (0.036) (-0.003) 
Cognitive dysfunction (-0.108) -0.245* -0.263** -0.260** 
Social dysfunctions (-0.135) (-0.100) (-0.111) (-0.126) 
Negative signs (-0.008) (0.006) (0.086) (0.058) 

F 0.567 6.763 5.648 60.63 
P  0.453 0.002 0.005 0.003 

SE of Estimate 0.081 0.198 0.132 0.092 
r 0.078 0.358 0.331 0.341 

 Adjusted R2 0.000 0.109 0.090 0.097 
 
Model comparison 

    

Model 1 vs. 2  (t-value) 0.000 0.000 0.000 0.000 
Model 1 vs. 3 (t-value) 0.000 1.309 1.465 1.427 
Model 2 vs. 3 (t-value) 0.000 1.309 1.465 1.427 

Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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2. Positive (forward-direction) Saccades 

The number of positive, forward-directed saccades (which primarily reflect  

compensatory CUS, but may also include intrusive AS, LS, and SWJ; although around 

90% of the variance in this measure will relate to CUS on the basis of the relative 

frequency of the compensatory and anticipatory saccades: Levy et al., 2000) was not 

distributed normally at any of the three target velocity groupings (Kolmogorov-Smirnov 

statistic = 0.113, 0.096 and 0.117 for the ‘slow’, ‘medium’ and ‘fast’ target velocities 

respectively, all <0.05). Only a mild square root transformation was required to 

redistribute these scores to normality (Kolmogorov-Smirnov statistic = 0.088, 0.076, 

0.082 and 0.063 for the ‘slow’, ‘medium’, ‘fast’ and overall target velocities respectively, 

all p>0.05). These transformed variables were used in all subsequent analyses with these 

measures. Examination of the relationships between the number of positive saccades and 

the control measures (Table 81) showed moderate relationships between age and the 

number of positive saccades (r=0.22, 0.21 and 0.24, all p<0.05 for the ‘slow’, ‘medium’ 

and overall target velocities respectively, with the relationship for the ‘fast’ velocity falling 

just above a probability value of 0.05: r=0.20: Table 81). There were also significant 

findings between the number of positive saccades at the ‘slow’ target velocity and the 

variables of years of illness (r=0.23, p<0.05) and the extent of extrapyramidal symptoms 

experienced (r=0.26, p<0.05). There were no other significant relationships between this 

measure of eye tracking performance at any target speed and the extent of antipsychotic 

medication, years of education, or sustained visual attention (Table 81). 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 duration of illness from this pair was employed as 

a control measure (along with the degree of extrapyramidal symptoms) to avoid 
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problems with multicollinearity and for consistency with the previous component of this 

study.  

 

Correlations using the symptom groupings within the three-factor model of 

symptomatology did not show any relationships between any symptom group and the 

number of positive saccades at any target velocity (Table 81). This was consistent for 

both the original symptom model using items from the SANS and SAPS only, as well as 

the adjusted model using additional item content from the PANSS and BPRS-E. 

Moreover, power calculations (Table 83) indicate that this lack of identification of any 

significant relationship is unlikely to be due to poor experimental power in the current 

study, as even for the strongest relationship (r=-0.17 between the negative symptom 

grouping and the number of positive saccades at fast target velocities), almost a trebling 

of the current sample size (n=269) would be required to identify a robust relationship 

(power = 0.80, p<0.05). Consistent with this, the regression models for the prediction of 

the number of positive saccades did not enter any symptoms under the three-factor 

model as significant predictors of performance at any of the target velocities (Table 84) 

beyond that amount of variance explained by the duration of illness and the extent of 

extrapyramidal symptoms (8.4%, nil, nil, and 3.2% respectively for the ‘slow’, ‘medium’, 

‘fast’ and overall target velocities respectively). The regression equations using only the 

duration of illness and degree of extrapyramidal symptoms explained a statistically 

significant amount of variance in the dependent measure at only the ‘slow’ target speed: 

F(2,91)=5.273, p=0.007; with no such significant relationship identified at the other 

target velocities (Table 84).  

 

Using the five-factor model of symptomatology, the findings were very similar to those 

under the three-factor model. There were no significant relationships between any 
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symptom group under either the original literature models of the adjusted models and 

the number of positive saccades at any target velocity (Table 81). However, there were 

trends toward significance for the ‘mood’ symptom grouping using the original PANSS 

item set and the ‘negative’ grouping using the adjusted (expanded) item set and the 

number of positive saccades at the ‘fast’ target speed (r=0.23, p<0.05 and r=0.20, p>0.05 

respectively). These relationships also emerged largely unchanged after partial 

correlations had removed the variance associated with the other symptom groups within 

these respective models (Table 82). On examination of the power analysis for the 

symptom groupings under the five-factor model (Table 83), only the ‘negative’ symptom 

dimension would produce a robust relationship with the dependent measure at the ‘slow’ 

and ‘fast’ target speeds with even a trebling of the current sample size (although the 

‘mood’ grouping would also produce a significant relationship at the fast target velocity 

in this instance), suggesting that the lack of identification of any other relationships 

between symptom groupings and the dependent measures are unlikely to be an artefact 

of the size of the current sample. The regression models for the prediction of the 

number of positive saccades did not enter any symptoms under the three-factor model as 

significant predictors of performance at the slow, medium or overall target velocities 

(Table 84) beyond that amount of variance explained by the duration of illness and the 

extent of extrapyramidal symptoms (8.4%, nil, and 3.2% respectively for the ‘slow’, 

‘medium’ and overall target velocities respectively). At the ‘fast’ target speed, however, 

the extent of ‘negative’ symptoms was entered into the regression analysis as a significant 

predictor of performance, explaining an additional 2.9% of variance in the dependent 

measure over the two control measures. The regression equations using only the duration 

of illness and degree of extrapyramidal symptoms explained a statistically significant 

amount of variance in the dependent measure at only the ‘slow’ target speed: 



 556

F(2,91)=5.273, p=0.007; with no such significant relationship identified for the 

regression analyses at the other target velocities (Table 84).  

 

Under the eleven-factor model of symptomatology there were significant relationships 

only between the ‘social dysfunctions’ symptom grouping and the number of positive, 

forward-direction saccades at the fast target velocity (25-35 deg/sec, r=0.29, p<0.01) and 

a trend toward significance for the medium velocity (15-20 deg/sec, r=0.19, p>0.05) and 

for the overall number of positive saccades averaged across all target velocities (r=0.23, 

p<0.05: Table 81). Partial correlations, removing the variance associated with the other 

ten symptom groups within this model (Table 82) reduce the magnitude of these two 

trends further beneath the criteria for significance adopted here, but the relationship 

between the ‘social dysfunctions’ grouping and the number of positive saccades at the 

fast target velocity remains after this process (r=0.30, p<0.01). Power analyses suggest 

that only the ‘social dysfunction’ grouping would produce significant correlations with 

the extent of positive saccades at the fast and overall target velocities using moderate 

sample sizes, with all symptom groupings other than ‘negative signs’ at the slow target 

speed and ‘anxious intropunitiveness’ at the fast target speed requiring sample sizes in 

excess of 500 individuals to produce robust relationships with the dependent measure. In 

keeping with the findings of the correlational analyses, under the eleven-factor model of 

symptomatology, the ‘social dysfunction’ symptom grouping was entered into the 

regression analyses as significant predictors of the number of positive saccades at the 

‘fast’ target velocity as wall as for the overall extent of positive saccades averaged over all 

target velocities (Table 85). Addition of this symptom grouping explained an additional 

7.8% and 4.4% of the variance in the dependent measure at the ‘fast’ and overall target 

velocities respectively, beyond that which was explained by the control variables of 

duration of illness and the extent of extrapyramidal symptoms (nil and 3.2% at the ‘fast’ 
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and overall target velocities respectively). Addition of this symptom variable into the 

regression equations for the ‘fast’ target speeds and for the overall performance meant 

that these equations explained a statistically significant amount of variance in the 

dependent measure (Table 84). This said, while the addition of this symptom group as a 

predictor in this analysis did appear to increase the amount of variance explained in the 

dependent measure, the improvement in the prediction of the overall equation, as 

indexed by the difference between the actual and predicted performance under each 

model (Table 84) was not statistically significant between this and the regression models 

produced under the three- or five- factor models.  

 

In sum, then, symptoms under any model only entered the regression equations as 

significant predictors of the number of positive saccades at the fast target speed (25-35 

deg/sec), rather than the ‘slow’ or ‘medium’ velocities. Under the three-factor model, the 

‘negative’ symptom group was trending toward being a significant predictor of the 

number of positive saccades at the fast target speed; while under the five-factor model, 

the ‘negative’ symptom group did emerge as a significant predictor, and under the eleven 

factor model, only the ‘social dysfunctions’ symptom group was entered into the 

regression equation. Examination of the correlations between the individual symptoms 

comprising these symptom groupings under each model (Table 85) helps clarify the 

reason for these differences. At the fast target speed, within the 21 items comprising the 

‘negative’ symptom grouping under the three-factor model, just a small group of six 

symptoms show any relationship with the number of positive saccades, the strongest 

being the symptom ‘physical anergia’ (r=0.32, p<0.01), while the others were the related 

symptoms ‘poor grooming and hygiene’, ‘impersistance at work or school’, ‘poverty of 

recreational interests and activities’, an ‘inability to feel intimacy and closeness’ as well as 

the blunting symptom of ‘unchanging facial expression’ (all p<0.05). While there is a 
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good relationship between these symptoms and the dependent measure, the other 

symptoms contained within this grouping share almost no relationship with the 

dependent measure and hence serve to undermine the predictive power of this symptom 

grouping. This is clear on examination of the symptoms within the five-factor model 

‘negative’ symptom grouping – while all six of those symptoms significantly relating to 

the dependent measure remained in the symptom grouping, there were a smaller number 

of additional symptoms unrelated to the number of positive saccades contained within 

this group, and hence the usefulness of this grouping as a predictor was somewhat better 

than the three-factor model ‘negative’ symptom grouping. The ‘social dysfunction’ 

grouping under the eleven-factor model contains just eight symptoms (all of which were 

contained within the ‘negative’ symptom groupings under the less complex models), five 

of which were significantly related to the dependent measure. The fact that there was a 

smaller number of symptoms unrelated to the dependent measure contained within this 

group improved the predictive power of the symptom grouping (albeit not statistically 

significantly so) over the ‘broader’ groupings of symptoms under the lower order models. 

Moreover, it is important to note that the symptoms underlying this relationship related 

to the concepts of emotional blunting and anergia-type symptoms rather than those at 

the conceptual ‘core’ of negative symptoms, and as such, the broader groupings of 

poorly-correlated symptoms under the less complex models could produce misleading 

interpretations (as the grouping of symptoms infers that the contributing symptoms are 

interchangeable and hence would all relate to the dependent measure if the overall 

symptom grouping related to the dependent measure, and that was clearly not the case in 

the current analysis). 
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Table 81: Pearson product-moment correlations between the number of ‘positive’ 
forward-direction saccades during smooth linear pursuit eye tracking and 
symptoms under the three-, five- and eleven- factor models, as a function of target 
velocity 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Control variables     
Age  0.22* 0.21* 0.20 0.24* 
Chlorpromazine equivalents 0.12 -0.05 -0.03 0.02 
Years of Illness  0.23* 0.12 0.10 0.18 
Years of education 0.02 0.12 0.14 0.10 
d′ CPT-IP 0-2.5 min -0.12 -0.08 0.00 -0.08 
Extrapyramidal Symptoms~ 0.26* 0.09 0.02 0.16 
Minimum N 88 88 88 88 
 
Three-factor model     
Positive (original) -0.09 -0.01 -0.02 -0.05 
Disorganised (original) -0.07 -0.06 -0.17 -0.12 
Negative (original) 0.16 0.10 0.18 0.18 
Positive (adjusted) -0.07 0.03 0.03 -0.01 
Disorganised (adjusted) 0.02 -0.03 -0.13 -0.06 
Negative (adjusted) 0.16 0.10 0.17 0.17 
N 95 95 95 95 
 
Five-factor model     
Positive (original) -0.08 0.03 -0.02 -0.03 
Cognitive (original) 0.06 0.07 0.03 0.06 
Excitement (original) -0.05 0.02 -0.05 -0.03 
Negative (original) 0.10 -0.03 0.07 0.06 
Mood (original) 0.09 0.11 0.23* 0.17 
Positive (adjusted) -0.07 0.01 -0.01 -0.03 
Cognitive (adjusted) 0.01 -0.04 -0.10 -0.05 
Excitement (adjusted) 0.09 0.02 -0.08 0.02 
Negative (adjusted) 0.16 0.11 0.20 0.19 
Mood (adjusted) 0.06 0.09 0.17 0.12 
N 95 95 95 95 
 
Eleven-factor model     
Hostility 0.11 0.06 -0.03 0.05 
Conceptual disorganisation -0.03 -0.09 -0.11 -0.09 
Bizarre behaviour -0.03 0.05 -0.10 -0.04 
Grandiosity -0.12 0.02 -0.04 -0.06 
Auditory hallucinations -0.12 0.03 0.02 -0.03 
Loss of boundary delusions -0.02 -0.02 0.01 -0.01 
Paranoia 0.08 0.02 -0.02 0.03 
Anxious intropunitiveness 0.06 0.09 0.17 0.12 
Cognitive dysfunction 0.07 0.02 -0.04 0.02 
Social dysfunctions 0.12 0.19 0.29** 0.23* 
Negative signs 0.16 0.02 0.08 0.11 
N 95 95 95 95 
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 82: Partial correlations between the number of ‘positive’ forward-direction 
saccades during smooth linear pursuit eye tracking and symptoms under the 
three-, five- and eleven- factor models, as a function of target velocity. Partial 
correlations remove the variance explained by other symptoms within the given 
model 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model     
Positive (original) -0.09 0.00 -0.01 -0.04 
Disorganised (original) -0.08 -0.07 -0.18 -0.13 
Negative (original) 0.16 0.10 0.19 0.18 
Positive (adjusted) -0.06 0.04 0.04 0.01 
Disorganised (adjusted) 0.00 -0.04 -0.16 -0.08 
Negative (adjusted) 0.15 0.11 0.19 0.18 
 
Five-factor model     
Positive (original) -0.10 -0.01 -0.05 -0.06 
Cognitive (original) 0.06 0.06 0.01 0.05 
Excitement (original) -0.06 -0.02 -0.10 -0.07 
Negative (original) 0.06 -0.05 0.03 0.02 
Mood (original) 0.10 0.10 0.24* 0.18 
Positive (adjusted) -0.08 0.01 -0.02 -0.04 
Cognitive (adjusted) -0.04 -0.05 -0.10 -0.07 
Excitement (adjusted) 0.10 0.03 -0.08 0.02 
Negative (adjusted) 0.15 0.12 0.21* 0.19 
Mood (adjusted) 0.05 0.07 0.16 0.11 
 
Eleven-factor model     
Hostility 0.08 0.06 0.00 0.06 
Conceptual disorganisation -0.06 -0.11 -0.08 -0.09 
Bizarre behaviour -0.02 0.04 -0.10 -0.03 
Grandiosity -0.07 0.02 0.02 -0.01 
Auditory hallucinations -0.12 0.03 0.02 -0.04 
Loss of boundary delusions 0.03 -0.05 -0.02 -0.02 
Paranoia 0.06 0.00 -0.03 0.02 
Anxious intropunitiveness 0.03 0.04 0.10 0.06 
Cognitive dysfunction 0.03 0.00 -0.07 -0.01 
Social dysfunctions 0.03 0.21 0.30** 0.20 
Negative signs 0.08 -0.10 -0.09 -0.04 
 
N 

 
 95 

 
 95 

 
 95 

 
 95 

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 83: Power calculations for significant correlations between the number of 
‘positive’ forward-direction saccades during smooth linear pursuit eye tracking 
and symptoms under the three-, five- and eleven- factor models 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  
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model 

    

Positive (original) >500 >1000 >1000 >1000 
Disorganised (original) >1000 >1000 269 >500 
Negative (original) 304 >500 240 240 
Positive (adjusted) >1000 >1000 >1000 >1000 
Disorganised (adjusted) >1000 >1000 462 >1000 
Negative (adjusted) 304 >500 269 269 
 
Five-factor model 

    

Positive (original) >1000 >1000 >1000 >1000 
Cognitive (original) >1000 >1000 >1000 >1000 
Excitement (original) >1000 >1000 >1000 >1000 
Negative (original) >500 >1000 >1000 >1000 
Mood (original) >1000 >500 146 269 
Positive (adjusted) >1000 >1000 >1000 >1000 
Cognitive (adjusted) >1000 >1000 >500 >1000 
Excitement (adjusted) >500 >1000 >1000 >1000 
Negative (adjusted) 304 >500 194 215 
Mood (adjusted) >1000 >500 269 >500 
 
Eleven-factor model 

    

Hostility >500 >1000 >1000 >1000 
Conceptual disorganisation >1000 >500 >500 >1000 
Bizarre behaviour >1000 >1000 >500 >1000 
Grandiosity >500 >1000 >1000 >1000 
Auditory hallucinations >500 >1000 >1000 >1000 
Loss of boundary delusions >1000 >1000 >1000 >1000 
Paranoia >1000 >1000 >1000 >1000 
Anxious intropunitiveness >1000 >500 269 >500 
Cognitive dysfunction >1000 >1000 >1000 >1000 
Social dysfunctions >500 >500 91** 146* 
Negative signs 304 >1000 >1000 >500 
Notes: *p<0.05; **p<0.01; ***p<0.001 
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Table 84: Summary of stepwise multiple regression analyses predicting the 
number of ‘positive’ forward-direction saccades during smooth linear pursuit 
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) 

 

Slow  
(5-10  

deg/sec)  

Medium  
(15-20 

deg/sec)  

Fast  
(25-35 

deg/sec)  

Overall  
(5-35 

deg/sec)  
 
Three-factor model     
Years of Illness 0.201 0.099 0.125 0.174 
Extrapyramidal Symptoms~ 0.200 0.067 -0.003 0.108 
Positive (-0.045) (0.045) (0.058) (0.020) 
Disorganised (-0.015) (-0.035) (-0.139) (-0.082) 
Negative (0.124) (0.108) (0.186) (0.169) 

F 5.273 0.840 0.716 2.548 
P 0.007 0.435 0.491 0.084 

SE of Estimate 0.418 0.435 0.381 0.340 
r 0.322 0.135 0.125 0.230 

Adjusted R2 0.084 0.000 0.000 0.032 
 
Five-factor model    

 

Years of Illness 0.201 0.099 0.155 0.174 
Extrapyramidal Symptoms~ 0.200 0.067 -0.056 0.108 
Positive (-0.052) (0.030) (0.056) (-0.002) 
Cognitive (-0.044) (-0.039) (-0.160) (-0.083) 
Excitement (0.080) (0.024) (-0.095) (0.003) 
Negative (0.139) (0.121) 0.219* (0.195) 
Mood (0.079) (0.109) (0.164) (0.146) 

F 5.273 0.840 1.933 2.548 
P 0.007 0.435 0.130 0.084 

SE of Estimate 0.084 0.435 0.374 0.340 
r 0.322 0.135 0.246 0.230 

Adjusted R2 0.084 0.000 0.029 0.032 
 
Eleven-factor model 

    

Years of Illness 0.201 0.099 0.180 0.215* 
Extrapyramidal Symptoms~ 0.200 0.067 -0.098 0.037 
Hostility (0.099) (0.057) (-0.040) (0.042) 
Conceptual disorganisation (-0.061) (-0.103) (-0.159) (-0.147) 
Bizarre behaviour (-0.059) (0.064) (-0.102) (-0.051) 
Grandiosity (-0.082) (0.041) (0.050) (0.014) 
Auditory hallucinations (-0.106) (0.049) (0.073) (0.008) 
Loss of boundary delusions (-0.021) (-0.034) (0.033) (-0.005) 
Paranoia (0.107) (0.044) (0.002) (0.062) 
Anxious intropunitiveness (0.079) (0.109) (0.146) (0.133) 
Cognitive dysfunction (0.011) (0.018) (-0.103) (-0.056) 
Social dysfunctions (0.080) (0.205) 0.318** 0.240* 
Negative signs (0.157) (0.026) (-0.119) (-0.019) 

F 5.273 0.840 3.615 3.541 
P  0.007 0.435 0.016 0.018 

SE of Estimate 0.418 0.435 0.364 0.333 
r 0.322 0.135 0.328 0.325 

 Adjusted R2 0.084 0.000 0.078 0.076 
 
Model comparison 

    

Model 1 vs. 2  (t-value) 0.000 0.000 1.239 0.000 
Model 1 vs. 3 (t-value) 0.000 0.000 1.943 1.276 
Model 2 vs. 3 (t-value) 0.000 0.000 1.658 1.276 

Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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Table 85: Pearson correlations between individual symptoms comprising those 
symptom domains emerging as significant predictors of the number of ‘positive’ 
forward-direction saccades during smooth linear pursuit from symptom 
dimensions under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia. 

  

Slow 
(5-10 

deg/sec)

Medium 
(15-20 

deg/sec)

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec)
 
Three Factor Model     
Negative     
Unchanging Facial Expression  0.17 0.12 0.23* 0.20* 
Decreased Spontaneous Movements  0.08 0.01 0.11 0.08 
Paucity of Expressive Gestures  0.07 -0.08 -0.02 0.00 
Affective Responsivity  0.01 0.00 0.09 0.04 
lack of Vocal Inflections  0.09 -0.02 0.07 0.06 
Poverty of Speech  0.08 0.01 -0.04 0.02 
Poverty of Content of Speech  -0.06 -0.08 -0.01 -0.06 
Increased Latency of Response  0.25* 0.05 -0.01 0.12 
Grooming and Hygiene  0.13 0.14 0.24* 0.20* 
Impersistence at work or school  0.05 0.23* 0.21* 0.19 
Physical Anergia  0.20 0.34** 0.32** 0.33** 
recreational Interests and Activities  0.06 0.08 0.20* 0.14 
Inability to feel Intimacy and Closeness  0.04 0.14 0.25* 0.17 
Relationships with Friends and Peers  0.10 0.08 0.13 0.12 
Emotional Withdrawal  0.06 -0.05 0.05 0.03 
Passive/Apathetic Social Withdrawal  -0.02 0.02 0.13 0.05 
Lack of Spontaneity and Flow of Conversation  0.11 -0.02 -0.04 0.02 
Motor Retardation  0.17 0.05 0.06 0.12 
Difficulty in Abstract Thinking  0.02 0.01 0.00 0.01 
Disorientation  0.07 0.07 0.02 0.06 
Inattentiveness During Mental Status Testing  0.09 -0.01 -0.09 0.00 
 
Five Factor Model     
 Negative      
Emotional Withdrawal  0.06 -0.05 0.05 0.03 
Passive/Apathetic Social Withdrawal  -0.02 0.02 0.13 0.05 
Lack of Spontaneity and Flow of Conversation  0.11 -0.02 -0.04 0.02 
Motor Retardation  0.17 0.05 0.06 0.12 
Unchanging Facial Expression  0.17 0.12 0.23* 0.20* 
Decreased Spontaneous Movements  0.08 0.01 0.11 0.08 
Paucity of Expressive Gestures  0.07 -0.08 -0.02 0.00 
Affective Responsivity  0.01 0.00 0.09 0.04 
lack of Vocal Inflections  0.09 -0.02 0.07 0.06 
Poverty of Speech  0.08 0.01 -0.04 0.02 
Increased Latency of Response  0.25* 0.05 -0.01 0.12 
Grooming and Hygiene  0.13 0.14 0.24* 0.20* 
Impersistence at work or school  0.05 0.23* 0.21* 0.19 
Physical Anergia  0.20 0.34** 0.32** 0.33** 
recreational Interests and Activities  0.06 0.08 0.20* 0.14 
Inability to feel Intimacy and Closeness  0.04 0.14 0.25* 0.17 
Relationships with Friends and Peers  0.10 0.08 0.13 0.12 
 
Eleven-Factor Model     
 Social Dysfunctions     
Emotional Withdrawal  0.06 -0.05 0.05 0.03 
Passive/Apathetic Social Withdrawal  -0.02 0.02 0.13 0.05 
Grooming and Hygiene  0.13 0.14 0.24* 0.20* 
Impersistence at work or school  0.05 0.23* 0.21* 0.19 
Physical Anergia  0.20 0.34** 0.32** 0.33** 
recreational Interests and Activities  0.06 0.08 0.20* 0.14 
Inability to feel Intimacy and Closeness  0.04 0.14 0.25* 0.17 
Relationships with Friends and Peers  0.10 0.08 0.13 0.12 
Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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3. ‘Reversal’ (backward-direction) Saccades 

Reversal saccades, made in the direction opposite to that of the target, may be either 

compensatory (made to reduce any discrepancy between fovea and target position, in this 

case class as a BUS) or intrusive in nature (SWJ). Compensatory BUS are the more 

common, comprising 12-20% of saccadic activity during pursuit, with SWJ representing 

4-6% of this activity, and there is no difference between observers with schizophrenia 

and neurologically-intact controls in terms of how frequency these saccades occur. The 

number of reversal or backward-direction saccades followed a J-shape distribution at all 

of the three target velocities, with the largest proportion of participants producing no 

reversal saccades (Kolmogorov-Smirnov statistic = 0.163, 0.211, 0.162, 0.180 for the 

‘slow’, ‘medium’, ‘fast’ and overall target velocities respectively, all p<0.001). To 

redistribute these scores closer to normality, the data was reflected and inverted, which 

still left some deviation from normality in the deviations (Kolmogorov-Smirnov statistic 

= 0.119, 0.138, and 0.109 for the for the ‘slow’, ‘medium’, ‘fast’ and overall target 

velocities respectively, all p<0.05; Kolmogorov-Smirnov statistic = 0.080, p=0.154 for 

the performance averaged across all target velocities), however graphical displays of the 

distributions generally resembled the normal pattern. These transformed variables were 

used in all subsequent analyses with these measures. Examination of the number of 

reversal saccades and the control measures (Table 86) showed a moderate relationship 

between the degree of extrapyramidal symptoms and the number of reversal saccades at 

the ‘fast’ target velocities (r=0.24, p<0.05). There were no other significant relationships 

for the control measures of age, extent of antipsychotic medication, duration of illness, 

years of education or degree of visual sustained attention with the dependent measures, 

and as such only the degree of extrapyramidal symptoms was included as a control 

measure in subsequent regression analyses.  
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Correlations using the symptom groupings within the three-factor model of 

symptomatology showed moderate inverse relationships trending toward significance 

between the ‘positive’ symptom group and the number of reversal saccades at the ‘slow’ 

target velocity as well as for performance overall across all target velocities (r=-0.25 and 

r=-0.22, both p<0.05, Table 87), and moderate positive relationships with the ‘negative’ 

symptom group and the number of reversal saccades at the ‘fast’ target velocities (r=0.25, 

p<0.05). These correlations were consistent for both the original symptom model using 

items from the SANS and SAPS only, as well as the adjusted model using additional item 

content from the PANSS and BPRS-E (although a relationship between the ‘positive’ 

symptom group and performance at the medium velocity, trending toward significance 

using the original SANS and SAPS item model fell above the 0.05 probability level when 

the adjusted model was used: Table 86). These relationships remained when partial 

correlations, removing the variance associated with the other two symptom groups, were 

conducted, indicating the independence of these symptom groupings in their 

relationships with the dependent measure (Table 88). Power calculations add further 

support for the relationship of the ‘positive’ symptom group at the ‘slow’ and ‘medium’ 

target velocities and the ‘negative’ symptom group at the high target velocities which 

would be robust (power >0.80, p<0.05) at moderate sample sizes of 250 participants or 

less. Consistent with these findings, the regression models for the prediction of the 

number of reversal saccades entered the ‘positive’ symptom group as a significant 

predictor of performance at the ‘slow’, ‘medium’ and the overall extent of catch-up 

saccades averaged over all target velocities (Table 89). Addition of this symptom 

grouping explained an additional 5.5%, 3.9% and 5.4% of the variance in the dependent 

measure at the ‘slow’, ‘medium’ and overall target velocities, beyond that which was 

explained by the control variable (degree of extrapyramidal symptoms: nil, 1.6% and 

1.9% at the ‘slow’, ‘medium’ and overall target velocities respectively in terms of adjusted 
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R2 values). At the ‘fast’ target velocities, however, the regression models entered the 

‘negative’ symptom group as a significant predictor of the number of reversal saccades. 

This explained an additional 3.9% of variance beyond the 5.4% explained by the degree 

of extrapyramidal symptoms (in terms of standard R2 values). These predictive regression 

equations explained a significant amount of variance at all target speeds (Table 89).  

 

Under the five-factor model of symptomatology, moderate inverse correlations were 

shown between the ‘positive’ symptom grouping with the number of reversal saccades at 

the ‘slow’, and ‘medium’ target velocities, as well as for performance across all target 

velocities (r=-0.27, p<0.01; r=-0.22, p<0.05 and r=-0.28, p<0.01 for the ‘slow’, ‘medium’ 

and overall target velocities respectively: Table 86). These relationships were consistent 

for both the original symptom model using items from the SANS and SAPS only, as well 

as the adjusted model using additional item content from the PANSS and BPRS-E 

(although a relationship between the ‘positive’ symptom group and performance at the 

slow velocity, trending toward significance using the original SANS and SAPS item 

model fell beneath the 0.01 probability level when the adjusted model was used; and the 

opposite scenario occurred at the ‘medium’ target velocity: Table 86). Additionally, there 

was a notable positive correlation between the ‘mood’ symptoms and performance at the 

‘medium’ target velocity (r=0.30, p<0.001), as well as trends towards significance for the 

‘negative’ symptom grouping and performance at the ‘fast’ target velocity (r=0.24, 

p<0.05) and for the ‘mood’ symptom groups and overall performance across all 

velocities (r=0.24, p<0.05), again consistent in both the original literature models and the 

adjusted symptom models. Partial correlations, investigating the relationship between 

each symptom grouping and the dependent measure once the variance from the other 

four symptom groups had been removed (Table 87) show that only the relationships 

between the ‘positive’ symptom group and the number of reversal saccades remains 
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significant at the ‘slow’, ‘medium’ and overall target velocities, along with the relationship 

between the ‘mood’ symptom group and performance at the ‘medium’ and overall target 

velocities (with a trend toward significance at the ‘fast’ target velocity: Table 87). Power 

calculations (Table 88) suggest that correlations other than those identified in Table 86 

would be unlikely to emerge even if the current sample size was more then trebled.  

 

Largely consistent with the results of the partial correlations analysis, the regression 

models for the prediction of the number of reversal saccades entered both the five-factor 

‘positive’ and ‘mood’ symptom groups as significant predictors of the number of reversal 

saccades at the ‘slow’, ‘medium’ and overall target velocities (Table 89). For the ‘slow’ 

target speed, the degree of extrapyramidal symptoms explained no variance in the 

dependent measure; ‘positive’ symptoms explained 7.2%, with ‘mood’ symptoms adding 

an additional 3.8%. At the ‘medium’ target velocity, the degree of extrapyramidal 

symptoms explained 1.6% of the variance in the number of reversal saccades; the 

‘positive’ grouping adding another 5.2%, and the ‘mood’ grouping explaining a further 

7.1% of variance in the dependent measure. Finally, in terms of average performance 

across all target velocities, in the predictive regression equations, the degree of 

extrapyramidal symptoms explained 1.9% of the variance in performance, the ‘positive’ 

group adding 7.5%, and the ‘mood’ grouping explaining an additional 8.4% of variance in 

the dependent measure. For the fast target velocities, no symptoms were entered into the 

regression models as being significant predictors of the number of reversal saccades. 

However, these predictive regression equations explained a significant amount of 

variance at all target speeds (Table 89).  

 

Under the eleven-factor model, the situation was slightly more complex. There was a 

statistically significant relationship only between the degree of anxious intropunitiveness 



 568

and the number of reversal saccades at the medium target velocity (r=0.30, p<0.001: 

Table 86). At the other two target velocities, there were relationships trending toward 

significance with different symptom groupings: moderate inverse relationships with the 

degree of grandiosity and auditory hallucinations at the ‘slow’ target velocity (r=-0.21 and 

-0.22 respectively, both p<0.05); and moderate positive relationships between the degree 

of cognitive dysfunction, social dysfunctions, and negative signs and the dependent 

measure at the ‘fast’ target velocity (r=0.20, r=0.21 and r=0.22 respectively, all p<0.05). 

However, it was clear that many of these relationships between symptom groupings and 

the number of reversal saccades were not independent of other symptoms within the 

model, as partial correlations, examining the relationship between each symptom group 

and the dependent measure after the variance associated with the other ten symptom 

dimensions in the model were removed, diminished many of these associations: no 

symptom groups remained significantly associated with the number of reversal saccades 

at the ‘slow’ target velocity; at the ‘medium’ target velocity the ‘anxious intropunitiveness’ 

symptom group remained significantly related to the dependent measure, with ‘paranoia’ 

trending toward significance (r=-0.22, p<0.05); and ‘anxious intropunitiveness’ was the 

only symptom group explaining variance in the dependent measure independent from 

that explained by other symptoms within the model at the ‘fast’ target velocity and for 

the performance overall across all target velocities (Table 87). Power calculations (Table 

88) suggest that correlations other than those identified in Table 86 would be unlikely to 

emerge even if the current sample size was trebled. 

 

In contrast to the correlation analyses, the regression models for the prediction of the 

number of reversal saccades entered the ‘loss of boundary delusions’ symptom group as 

a significant predictor of the number of reversal saccades at the ‘slow’, and ‘fast’ target 

velocities (Table 89). For the ‘slow’ target speed, the degree of extrapyramidal symptoms 
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explained no variance in the dependent measure, and ‘loss of boundary delusion’ 

symptoms contributed an additional 4.7% (although if the criteria for entry was set at a 

more lenient p<0.10, then the ‘grandiosity’ and ‘auditory hallucinations’ groupings would 

enter into the prediction equation at the ‘slow’ target velocity, together explaining an 

additional 4.8% of variance in the dependent measure). At the ‘fast’ target speed, the 

degree of extrapyramidal symptoms explained 5.4% of the variance in the number of 

reversal saccades, and the ‘loss of boundary delusions’ grouping explained a further 3.1% 

of variance in the dependent measure. At the ‘medium’ target velocity, the regression 

models for the prediction of the number of reversal saccades entered both the ‘auditory 

hallucinations’ and ‘anxious intropunitiveness’ symptom groups as significant predictors 

(Table 89). Here, the degree of extrapyramidal symptoms explained 1.6% variance in the 

dependent measure; ‘auditory hallucination’ symptoms contributed 4.9%, with ‘anxious 

intropunitiveness’ symptoms explaining an additional 6.5%. Finally, for the prediction of 

the number of reversal saccades averaged across all target velocities, the regression 

models entered both the ‘loss of boundary delusions’ and ‘anxious intropunitiveness’ 

symptom groups as significant predictors (Table 89). In this equation, the degree of 

extrapyramidal symptoms explained 1.9% of the variance in the number of reversal 

saccades; ‘loss of boundary delusion’ symptoms contributed 5.1% and the ‘anxious 

intropunitiveness’ grouping explained a further 4.8% of variance in the dependent 

measure. These predictive regression equations explained a significant amount of 

variance at all target speeds (Table 89).  

 

Comparison of the predictive equations incorporating symptoms from under the three-, 

five- and eleven- factor models (Table 89) indicates two clear findings. Firstly, the 

symptoms, under any of the models, only explain a small amount of additional variance 

beyond that little explained by the control measures (ranging between 5-15%), and so 
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clearly are not a major determining factor in the production of reversal saccades. 

Secondly, while different symptom groupings were entered under the individual models, 

explaining slightly more or less of the variance in the dependent measure, there were no 

statistically significant differences in the quality of prediction under each model as 

indexed by the difference in the relationship between the actual and predicted 

performance under each model (Table 89). The reasons for this are apparent on 

examination of the individual symptoms entered under each of the models, and their 

correlations with the dependent measures (Table 90 and 91). Unlike the findings for the 

‘positive’ saccades and for the neuropsychological variables in the previous component 

of this study, there were no individual symptoms particularly strongly associated with the 

dependent measure at any of the ‘slow’, ‘medium’ or overall target velocities (Table 90), 

and for the prediction of the dependent measure at these velocities, largely the exact 

same items were entered as predictors, just arranged slightly differently under each 

model: the ‘mood’ grouping under the five-factor model, and the ‘anxious 

intropunitiveness’ grouping entered under the eleven factor model have identical item 

content, and also share two symptoms (delusions of guilt) in common with the ‘positive’ 

symptom grouping under the three-factor model; the three-factor ‘positive’ grouping has 

largely the same item content as the ‘positive’ grouping in the five-factor model and the 

‘auditory hallucinations’ and ‘loss of boundary delusions’ groupings entered as predictors 

in the eleven-factor model. For the prediction of reversal saccades at the ‘fast’ target 

velocity, however, there was no item overlap between the individual symptom items 

entered under each of the models, and none were particularly strongly associated with 

the dependent measure.  
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Table 86: Pearson product-moment correlations between the number of 
backward-direction ‘reversal’ saccades during smooth linear pursuit eye tracking 
and symptoms under the three-, five- and eleven- factor models, as a function of 
target velocity 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 

Control variables     
Age  0.10 -0.03 0.03 0.06 
Chlorpromazine equivalents -0.04 -0.14 -0.12 -0.12 
Years of Illness  0.14 -0.05 0.10 0.09 
Years of education 0.07 0.05 -0.09 0.03 
d′ CPT-IP 0-2.5 min 0.02 0.01 -0.06 -0.01 
Extrapyramidal Symptoms~ 0.01 0.13 0.24* 0.14 
Minimum N 88 88 88 88 
 

Three-factor model     
Positive (original) -0.25* -0.21* -0.07 -0.25* 
Disorganised (original) -0.08 -0.07 0.11 -0.03 
Negative (original) 0.07 0.14 0.28** 0.19 
Positive (adjusted) -0.25* -0.18 -0.05 -0.24* 
Disorganised (adjusted) -0.05 -0.09 0.15 -0.01 
Negative (adjusted) 0.03 0.13 0.27** 0.16 
N 95 95 95 95 
 

Five-factor model     
Positive (original) -0.24* -0.27** -0.17 -0.31** 
Cognitive (original) -0.08 0.03 0.21* 0.04 
Excitement (original) 0.04 -0.04 0.06 0.03 
Negative (original) -0.01 0.07 0.22* 0.10 
Mood (original) 0.12 0.28** 0.22* 0.26* 
Positive (adjusted) -0.27** -0.22* -0.10 -0.28** 
Cognitive (adjusted) -0.04 -0.04 0.21* 0.04 
Excitement (adjusted) 0.04 -0.06 0.12 0.04 
Negative (adjusted) 0.02 0.14 0.24* 0.15 
Mood (adjusted) 0.10 0.30** 0.17 0.24* 
N 95 95 95 95 
 

Eleven-factor model     
Hostility 0.03 -0.03 0.04 0.02 
Conceptual disorganisation -0.04 -0.10 0.17 0.00 
Bizarre behaviour -0.13 -0.14 0.03 -0.12 
Grandiosity -0.21* -0.16 -0.05 -0.20* 
Auditory hallucinations -0.22* -0.20 -0.01 -0.21* 
Loss of boundary delusions -0.18 -0.11 -0.14 -0.20* 
Paranoia -0.07 -0.12 -0.03 -0.10 
Anxious intropunitiveness 0.10 0.30** 0.17 0.24* 
Cognitive dysfunction 0.02 0.07 0.20* 0.11 
Social dysfunctions 0.05 0.11 0.21* 0.14 
Negative signs 0.00 0.13 0.22* 0.13 
N 95 95 95 95 
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 87: Pearson product-moment correlations between the number of 
backward-direction ‘reversal’ saccades during smooth linear pursuit eye tracking 
and symptoms under the three-, five- and eleven- factor models, as a function of 
target velocity 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model     
Positive (original) -0.25* -0.20 -0.07 -0.25* 
Disorganised (original) -0.08 -0.08 0.10 -0.04 
Negative (original) 0.06 0.14 0.27** 0.19 
Positive (adjusted) -0.25* -0.17 -0.03 -0.22* 
Disorganised (adjusted) -0.06 -0.11 0.12 -0.04 
Negative (adjusted) 0.01 0.13 0.25* 0.15 
 
Five-factor model     
Positive (original) -0.26* -0.34** -0.25* -0.37*** 
Cognitive (original) -0.05 0.06 0.19 0.06 
Excitement (original) 0.06 -0.07 0.03 0.02 
Negative (original) -0.02 -0.01 0.13 0.03 
Mood (original) 0.17 0.34** 0.21* 0.31** 
Positive (adjusted) -0.30** -0.30** -0.14 -0.35** 
Cognitive (adjusted) -0.03 0.03 0.19 0.06 
Excitement (adjusted) 0.05 -0.11 0.04 0.00 
Negative (adjusted) 0.00 0.11 0.19 0.11 
Mood (adjusted) 0.16 0.37*** 0.22* 0.32** 
 
Eleven-factor model     
Hostility 0.07 -0.06 -0.07 0.00 
Conceptual disorganisation -0.04 -0.09 0.17 0.00 
Bizarre behaviour -0.10 -0.03 0.05 -0.05 
Grandiosity -0.14 -0.04 0.00 -0.10 
Auditory hallucinations -0.15 -0.19 0.07 -0.14 
Loss of boundary delusions -0.10 -0.03 -0.16 -0.13 
Paranoia -0.05 -0.22* -0.11 -0.16 
Anxious intropunitiveness 0.10 0.39** 0.25* 0.30** 
Cognitive dysfunction 0.03 0.14 0.16 0.13 
Social dysfunctions 0.04 -0.06 0.03 0.01 
Negative signs -0.06 0.14 0.16 0.08 
 
N 

 
 95 

 
 95 

 
 95 

 
 95 

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 88: Power calculations for significant correlations between the number of 
backward-direction ‘reversal’ saccades during smooth linear pursuit eye tracking 
and symptoms under the three-, five- and eleven- factor models 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 
 Slow 

(5-10 
deg/sec) 

Medium 
(15-20 

deg/sec) 

Fast 
(25-35 

deg/sec) 

Overall 
(5-35 

deg/sec) 
 
Three-factor model 

    

Positive (original) 124* 176* >1000 124* 
Disorganised (original) >1000 >1000 >500 >1000 
Negative (original) >1000 398 98** 215 
Positive (adjusted) 124* 240 >1000 134* 
Disorganised (adjusted) >1000 >500 346 >1000 
Negative (adjusted) >1000 462 106** 304 
 
Five-factor model 

    

Positive (original) 134* 106** 269 80** 
Cognitive (original) >1000 >1000 176* >1000 
Excitement (original) >1000 >1000 >1000 >1000 
Negative (original) >1000 >1000 160* >500 
Mood (original) >500 98** 160* 114* 
Positive (adjusted) 106** 160* >500 98** 
Cognitive (adjusted) >1000 >1000 176* >1000 
Excitement (adjusted) >1000 >1000 >500 >1000 
Negative (adjusted) >1000 398 134* 346 
Mood (adjusted) >500 85** 269 134* 
 
Eleven-factor model 

    

Hostility >1000 >1000 >1000 >1000 
Conceptual disorganisation >1000 >500 269 >1000 
Bizarre behaviour 462 398 >1000 >500 
Grandiosity 176* 304 >1000 194* 
Auditory hallucinations 160* 194 >1000 176* 
Loss of boundary delusions 240 >500 398 194* 
Paranoia >1000 >500 >1000 >500 
Anxious intropunitiveness >500 85** 269 134* 
Cognitive dysfunction >1000 >1000 194* >500 
Social dysfunctions >1000 >500 176* 398 
Negative signs >1000 462 160* 462 
Notes: *p<0.05; **p<0.01; ***p<0.001 
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Table 89: Summary of stepwise multiple regression analyses predicting the 
number of backward-direction ‘reversal’ saccades during smooth linear pursuit 
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) 

 

Slow  
(5-10 

deg/sec)  

Medium  
(15-20 

deg/sec)  

Fast  
(25-35 

deg/sec)  

Overall  
(5-35 

deg/sec)  
 
Three-factor model     
Extrapyramidal Symptoms~ -0.118 -0.176 -0.208* -0.186 
Positive 0.255*  0.221* (0.035) 0.253* 
Disorganised (-0.047) (-0.008) (-0.045) (-0.073) 
Negative (-0.029) (-0.120) -0.225* (-0.155) 

F 3.716 3.707 5.789 4.663 
P 0.028 0.028 0.004 0.012 

SE of Estimate 0.209 0.204 0.165 0.143 
r 0.275 0.274 0.336 0.305 

Adjusted R2 0.055 0.055 0.093 0.073 
 
Five-factor model    

 

Extrapyramidal Symptoms~ -0.126 -0.184 -0.253* -0.194* 
Positive 0.336** 0.314** (0.106) 0.354*** 
Cognitive (-0.052) (-0.036) (-0.159) (-0.126) 
Excitement (-0.109) (-0.020) (-0.064) (-0.103) 
Negative (-0.007) (-0.120) (-0.192) (-0.122) 
Mood -0.222* -0.288** (-0.155) -0.277** 

F 4.818 5.991 6.310 6.862 
P 0.004 0.001 0.014 <0.001 

SE of Estimate 0.203 0.195 0.168 0.136 
r 0.372 0.408 0.253 0.431 

Adjusted R2 0.110 0.139 0.054 0.159 
 
Eleven-factor model 

    

Extrapyramidal Symptoms~ -0.129 -0.172 -0.275** -0.200* 
Hostility (-0.089) (0.019) (-0.017) (-0.043) 
Conceptual disorganisation (-0.071) (-0.008) (-0.094) (-0.110) 
Bizarre behaviour (0.158) (0.081) (0.066) (0.092) 
Grandiosity (0.192) (0.100) (-0.002) (0.185) 
Auditory hallucinations (0.149) 0.297** (-0.101) (0.179) 
Loss of boundary delusions 0.240* (0.087) 0.202* 0.284** 
Paranoia (-0.033) (0.055) (-0.039) (0.048) 
Anxious intropunitiveness (-0.185) -0.276** (-0.189) -0.239* 
Cognitive dysfunction (-0.003) (-0.034) (-0.183) (-0.102) 
Social dysfunctions (-0.059) (-0.038) (-0.134) (-0.096) 
Negative signs (-0.017) (-0.175) (-0.187) (-0.163) 

F 3.310 5.526 5.309 5.128 
P  0.041 0.001 0.007 0.003 

SE of Estimate 0.210 0.196 0.166 0.140 
r 0.260 0.397 0.323 0.382 

 Adjusted R2 0.047 0.130 0.085 0.118 
 
Model comparison 

    

Model 1 vs. 2 (t-value) 1.305 1.611 1.272 1.667 
Model 1 vs. 3 (t-value) 0.218 1.268 0.158 0.793 
Model 2 vs. 3 (t-value) 1.400 0.227 1.119 0.939 

Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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Table 90: Pearson correlations between individual symptoms comprising those 
symptom domains emerging as significant predictors of the number of backward-
direction ‘reversal’ saccades during smooth linear pursuit from symptom 
dimensions under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia. 

 
Slow 

(5-10 deg/sec) 
Medium 

(15-20 deg/sec) 
Overall 

(5-35 deg/sec) 
 

Three-Factor Model    
Positive    
Auditory Hallucinations  -0.20* -0.25* -0.23* 
Voices Commenting  -0.21* -0.15 -0.19 
Voices Conversing  -0.17 -0.09 -0.13 
Persecutory Delusions  -0.06 -0.06 -0.07 
Delusions of Sin or Guilt  0.08 0.22* 0.20 
Grandiose Delusions  -0.22* -0.20 -0.24* 
Religious Delusions  -0.14 -0.02 -0.10 
Ideas and Delusions of Reference  -0.08 -0.04 -0.08 
Delusions of Being Controlled  -0.15 -0.20 -0.21* 
Delusions of Mind Reading  -0.16 0.00 -0.11 
Thought Broadcasting  -0.10 -0.12 -0.16 
Thought Insertion  -0.17 -0.05 -0.16 
Suspiciousness/ Persecution  -0.08 -0.17 -0.12 
Grandiosity  -0.18 -0.20* -0.19 
Guilt Feelings  0.02 0.13 0.14 
 

Five Factor Model   
 

 Mood    
Anxiety 0.16 0.28** 0.25* 
Guilt Feelings  0.02 0.13 0.14 
Depression  0.03 0.24* 0.15 
Delusions of Sin or Guilt  0.08 0.22* 0.20 
Suicidality  0.06 0.18 0.09 
Positive    
Grandiosity  -0.18 -0.20* -0.19 
Suspiciousness/ Persecution  -0.08 -0.17 -0.12 
Auditory Hallucinations  -0.20* -0.25* -0.23* 
Voices Commenting  -0.21* -0.15 -0.19 
Voices Conversing  -0.17 -0.09 -0.13 
Persecutory Delusions  -0.06 -0.06 -0.07 
Grandiose Delusions  -0.22* -0.20 -0.24* 
Religious Delusions  -0.14 -0.02 -0.10 
Ideas and Delusions of Reference  -0.08 -0.04 -0.08 
Delusions of Being Controlled  -0.15 -0.20 -0.21* 
Delusions of Mind Reading  -0.16 0.00 -0.11 
Thought Broadcasting  -0.10 -0.12 -0.16 
Thought Insertion  -0.17 -0.05 -0.16 
 

Eleven Factor Model   
 

 Anxious Intropunitiveness    
Anxiety 0.16 0.28** 0.25* 
Guilt Feelings  0.02 0.13 0.14 
Depression  0.03 0.24* 0.15 
Delusions of Sin or Guilt  0.08 0.22* 0.20 
Suicidality  0.06 0.18 0.09 
Auditory Hallucinations    
Auditory Hallucinations  - -0.25* - 
Voices Commenting  - -0.15 - 
Voices Conversing  - -0.09 - 
 Loss of Boundary Delusions    
Ideas and Delusions of Reference  -0.08 - -0.08 
Thought Insertion  -0.17 - -0.16 
Delusions of Mind Reading  -0.16 - -0.11 
Delusions of Being Controlled  -0.15 - -0.21* 
Thought Broadcasting -0.10 - -0.16 
Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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Table 91: Pearson correlations between individual symptoms comprising those 
symptom domains emerging as significant predictors of the number of backward-
direction ‘reversal’ saccades during smooth linear pursuit from symptom 
dimensions under the three-, five- and eleven- factor models of the 
symptomatology of schizophrenia. 

 
Fast 

(25-35 deg/sec) 
 
Three-Factor Model  
Negative  
Unchanging Facial Expression  0.04 
Decreased Spontaneous Movements  0.09 
Paucity of Expressive Gestures  0.20* 
Affective Responsivity  0.03 
lack of Vocal Inflections  0.23* 
Poverty of Speech  0.18 
Poverty of Content of Speech  0.11 
Increased Latency of Response  0.18 
Grooming and Hygiene  0.26* 
Impersistence at work or school  0.16 
Physical Anergia  0.03 
recreational Interests and Activities  0.07 
Inability to feel Intimacy and Closeness  0.13 
Relationships with Friends and Peers  0.11 
Emotional Withdrawal  0.17 
Passive/Apathetic Social Withdrawal  0.18 
Lack of Spontaneity and Flow of Conversation  0.29** 
Motor Retardation  0.15 
Difficulty in Abstract Thinking  0.18 
Disorientation  -0.01 
Inattentiveness During Mental Status Testing  0.22* 
 
Eleven Factor Model  
 Loss of Boundary Delusions  
Ideas and Delusions of Reference  -0.06 
Thought Insertion  -0.11 
Delusions of Mind Reading  -0.04 
Delusions of Being Controlled  -0.14 
Thought Broadcasting -0.15 
Two-tailed probability: ~p<0.1 *p<0.05  **p<0.01 ***p<0.001 
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Qualitatively Defined Eye Tracking Disordered Subgroup Analyses 

Qualitative analyses of eye tracking performance was conducted by examining the raw 

eye movement records at the target speeds of 5, 10 and 15 deg/sec, and comparing these 

against exemplars provided by Benitez (1970), classifying performance on a four-point 

scale of quality, from 1(best) to 4 (worst). Using the criteria of a mean qualitative rating 

of pursuit quality of 3 or above across the three target velocities, 48 participants were 

classified as eye tracking disordered, and 47 categorised as not disordered. Validating this 

qualitative index, while there was no significant difference between these two groups in 

terms of their overall (dual-mode) pursuit gain (0.87 vs. 0.90, F(1,93)=3.22, p>0.05), 

those classified as having disordered eye tracking displayed poorer single-mode pursuit 

gain (0.68 vs. 0.74, F(1,93)=11.05, p<0.01), an increased mean number of reversal 

saccades (1.02 vs. 0.59, F(1,93)=14.84, p<0.001) and a trend toward a greater number of 

positive saccades (4.36 vs. 3.68, F(1,93)=4.55, p<0.05) than the group classified as not 

having the eye tracking disorder.  

 

Comparing these groups on other demographic and symptomatological variables (Table 

92), there were very few differences. The groups were similar in terms of age, duration of 

illness, years of education, antipsychotic medication dosage and degree of extrapyramidal 

symptoms (Table 92). There were also no differences in the overall severity of symptoms 

experienced, with no significant differences between the groups in terms of their total 

score on the PANSS and on the SAPS, although there was a trend toward a higher level 

of negative symptoms experienced by the group classified as eye tracking disordered 

(28.7 vs. 22.4: F(1,93)=4.47, p<0.05). In terms of the symptom groupings under the 

three-, five- and eleven-factor models, there were no differences between the groups on 

any of the five-factor model groupings, and under the three-factor model the groups 
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experienced an equivalent degree of ‘positive’ and ‘disorganised’ symptoms, but there 

was again a trend for the eye tracking disordered group to experience a greater level of 

‘negative’ symptoms (23.7 vs. 18.0: F(1,93)=4.37, p<0.05). There were no differences 

between the groups on any of the symptom groupings under the eleven-factor model 

with the exception of the ‘cognitive dysfunction’ grouping, where those classified as eye 

tracking disordered experienced significantly greater symptoms than those not so 

classified (6.0 vs. 3.9 respectively, F(1,93)=11.40, p<0.01). Consistent with this finding, 

the eye tracking disordered group also had a significantly lower WAIS-III Full-Scale IQ 

score (82.8 vs. 90.3, F(1,93)=7.40, p<0.01) and were trending toward having a 

significantly poorer sensitivity index performance over the first 2.5 minutes of the 

Continuous Performance Task (1.1 vs 1.5, F(1,93)=6.76, p<0.05).  

 

Discriminant function analysis was used to examine whether symptoms under any of the 

three-, five- or eleven- factor models would serve as useful predictors of whether an 

individual would be classified as eye tracking disordered or otherwise. Separate analyses 

were performed for each of the three models, and in each case the symptom factors, 

along with the demographic variables of duration of illness, degree of extrapyramidal 

symptoms, extent of antipsychotic medication, and years of education, were entered into 

the discriminant model in a stepwise fashion (significance of F p<0.05 for entry, p<0.1 

for removal). Under the three-factor model, the degree of ‘negative’ symptoms was the 

only variable entering the model, producing a statistically significant discriminant 

function (Wilk’s λ=0.95, F(1,92)=4.59, p=0.035), although it was too conservative in 

classifying individuals as pursuit disordered, and only correctly classified 60% of the 

cases. Using the symptom groupings in the five-factor model, no symptoms or control 

variables were sufficiently useful at differentiating between the groups to enter the 

model, as would be predicted from Table 92. Using the symptoms from the eleven-factor 
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model, however, both the degree of ‘cognitive dysfunction’ and the extent of ‘conceptual 

disorganisation’ entered the model, producing a significant discriminant function (Wilk’s 

λ=0.85, F(1,91)=7.94, p=0.001). In contrast to the discriminant model using the three-

factor ‘negative’ symptom grouping, this function was slightly too liberal in classifying 

individuals as eye tracking disordered, and only correctly classified 63.2% of cases. In 

keeping with the results of the stepwise regression analyses predicting eye tracking 

performance from symptom measures, it is clear that the symptoms under any of these 

models of symptomatology do not relate particularly strongly to eye movement 

dysfunction, as those symptoms entering the discriminant functions as statistically 

significant predictors did not improve the classifications of individuals as eye tracking 

disordered or otherwise to a level substantially beyond that of chance.  
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Table 92: Differences between clinical participants classed as having disordered 
eye tracking and normal eye tracking 

Clinical Participants: 
Non-eye tracking 
disordered (n=47) 

Clinical Participants: 
Eye tracking 

disordered (n=48) 

 

Mean 
Std. 

Deviation 
Mean 

Std. 
Deviation

F 
Mann-

Whitney 
U 

 
Demographics 

      

Age  33.1 8.7 34.5 10.6 0.46 1078.5 
Years of Illness 11.3 8.3 13.3 11.1 0.96 1045.5 
Years of education 10.9 2.1 10.5 2.0 0.55 1028.5 
Chlorpromazine equivalents 476.1 275.4 452.1 247.4 0.20 1102.0 
Extrapyramidal Symptoms~ 2.5 1.8 2.9 2.3 1.00 1010.5 
WAIS-III FSIQ 90.3 13.1 82.8 13.8 7.40** 757.5** 
d′ CPT-IP 0-2.5 min 1.5 0.8 1.1 0.8 6.76* 627.5** 
Total PANSS score 57.4 11.3 60.6 12.0 1.76 994.0 
Total SANS score 22.4 13.4 28.7 15.7 4.47* 875.0 
Total SAPS score 25.7 16.3 20.3 13.3 3.14 905.5 
 
Three-factor model 

      

Positive (adjusted) 15.3 10.2 13.1 9.5 1.22 983.0 
Disorganised (adjusted) 4.0 4.7 3.0 3.6 1.31 1016.0 
Negative (adjusted) 18.0 12.0 23.7 14.3 4.37* 863.0 
 
Five-factor model 

      

Positive (adjusted) 13.8 9.9 11.4 9.1 1.52 987.0 
Cognitive (adjusted) 6.8 5.2 7.9 5.1 1.14 973.0 
Excitement (adjusted) 1.4 1.9 1.3 1.9 0.11 1042.5 
Negative (adjusted) 13.8 11.5 17.5 12.7 2.20 929.5 
Mood (adjusted) 5.1 3.6 6.0 4.9 0.99 1065.5 
 
Eleven-factor model 

      

Hostility 0.9 1.6 1.1 1.6 0.41 1060.0 
Conceptual disorganisation 2.6 4.1 1.5 3.0 1.94 990.5 
Bizarre behaviour 0.7 1.0 0.5 0.9 1.10 1003.5 
Grandiosity 2.5 3.2 2.0 3.2 0.55 994.5 
Auditory hallucinations 3.5 4.2 2.5 3.6 1.50 1030.0 
Loss of boundary delusions 5.4 5.5 3.7 3.6 3.12 1031.5 
Paranoia 2.4 2.5 3.2 2.8 1.82 972.0 
Anxious intropunitiveness 5.1 3.6 5.9 4.9 0.99 1065.5 
Cognitive dysfunction 3.9 2.8 6.0 3.0 11.40** 711.0** 
Social dysfunctions 7.9 6.8 9.1 6.0 0.73 975.0 
Negative signs 5.9 6.6 8.4 7.9 2.95 897.0 
 
Eye Tracking Variables (5-35 deg/sec) 
Gain (dual-mode) 0.90 0.08 0.87 0.09 3.22 907.5 
Gain (single-mode) 0.74 0.09 0.68 0.09 11.05** 725.0** 
Number positive saccades 3.68 1.44 4.36 1.61 4.55* 858.0* 
Number reversal saccades 0.59 0.33 1.02 0.68 14.84*** 665.5*** 
Notes: *p<0.05; **p<0.01; ***p<0.001; ~Degree of extrapyramidal symptoms as indexed by the Simpson and Angus (1970) Scale 




