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Introduction 
•Recent research suggests that psychotic-like experiences (PLEs) are often reported by a substantial proportion of the healthy general population (Kelleher & Cannon, 2010). The clinical 
psychosis phenotype (schizophrenia) and non-clinical psychosis phenotype (PLEs) have been shown to share many of the same risk factors (Kelleher & Cannon, 2011) and the presence of PLEs 
in adolescence has been identified as a potential risk marker for the development of schizophrenia in adulthood (Poulton et al., 2000; Welham et al., 2009).  
•Memory impairments are widely reported in schizophrenia and have been suggested as a trait marker for the illness (Aleman et al.,1999). Impairments in  visuospatial memory have been 
reported in schizophrenia and first-episode psychosis patients (Kim et al., 2004; Lee & Park, 2005), groups defined as genetically at-risk for developing schizophrenia (Bachman et al., 2009) 
and groups at clinical high risk for schizophrenia (Smith et al., 2006). 
•A reduction of the P300 component in schizophrenia patients is one of the most consistent findings in the literature and the P300 waveform elicited to target tones in active auditory oddball 
tasks has been shown to be reduced in schizophrenia and at-risk populations (Bramon et al., 2004). The P300 waveform has been conceptualised as the physiological correlate of a working 
memory update of changes in the environment (Donchin & Coles, 1988), or as an index of allocation of attentional resources (Posner, 1975).  
 
Here three tasks were designed to investigate the electrophysiological correlates of spatial memory and auditory processing in a group of adolescents (11-13 years) reporting PLEs and a 

control group with particular emphasis on the P300 event-related potential (ERP) component 

 Spatial Working Memory Task 
 
Participants: 17 PLEs (7 male; mean age = 12 years),  
25 controls (14 male; mean age = 12.24 years). 
 
Task: The task included 4 blocks (2 x low load and 2 x 
high load). Participants were presented with a study 
stimulus showing a number of target stimuli in 
placeholders followed by test trials in which they made 
a button press response to indicate whether a test 

stimulus was in a correct or incorrect location.  

 

Methods and Results 
Implicit Spatial Memory Task 

 
Participants: 13 PLEs (7 male; mean age = 12 years),  
24 controls (14 male; mean age = 12.13 years). 
 
Task: Participants were required to memorise 8 objects 
within an environmental spatial grid. No reference was 
made to the location of the objects. During the study 
block the objects appeared one at a time with two 
stationary landmarks. During the test block, these 
objects were presented along with new objects 
(‘distractors’). Participants responded to indicate 
whether the object was a study object or a new object. 
Study objects appeared in either a correct or incorrect 
location.  

Active Auditory Oddball Task 
 
Participants: 11 PLEs (6 male; mean age = 11.64 years),  
 controls 17 (11 male; mean age = 11.41 years). 
 
Task: Participants completed a two-tone active auditory 
oddball task. Stimuli were 200 60dB tones with a 3 
second inter-stimulus interval presented through 
speakers in the testing cubicle. Participants were 
instructed to press a mouse button with their index 
finger in response to target tones only. 
 
 
 
 
 
 
 
 
 
 
 
Behavioural Results: No between-group differences in 
accuracy or reaction times were observed. 
 
ERP Results: For the overall group a significant 
difference in mean amplitude between target and non-
target tones was observed along central [Cz, C1, C2; F(1, 
27) = 34.93, p < 0.0005] and midline [FCz, Cz, CPz, Pz; 
F(1, 27) = 36.52, p < 0.0005] electrode sites for the P300 
timeframe of 270ms to 430ms.  
A Tone*Electrode*Group [F(3, 78) = 5.84, p = 0.01] 
interaction effect was observed at midline electrodes. 
Paired-samples t-tests revealed that for the control 
group a significant increase in mean amplitude was 
observed for target tones compared to non-target tones 
at FCz [t(16) = 4.65, p < 0.0005]. This effect was not 
observed in the PLEs group [t(10) = 0.93, p = 0.37] . 
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Figure 1: Example from Block 1 of the Spatial Working Memory Task 

 
Behavioural Results: As memory load increased accuracy 
decreased and reaction time increased for the overall 
group. No between-group differences were observed.  
 
ERP Results: A between-groups  effect was observed at 
posterior electrode sites Pz [F(1, 38) = 4.44, p = 0.04] and 
POz [F(1, 38) = 7.53, p = 0.01], with reduced ERP 
amplitude in the PLEs group for the timeframe 250-750ms 
post-stimulus. 
Mean amplitude was assessed at POz for the timeframes 
250-430ms and 430-750ms, respectively. Mean amplitude 
from the PLEs group was reduced at low load for early 
[t(40) = 2.57, p = 0.01] and at high load for late [t(38) = 
2.5, p = 0.02] time windows. 
 

NOTE – Participants were recruited from the two most senior classes in local primary schools. Each participant and a guardian completed a clinical interview using the KSADS– PL (Kaufman 
et al., 1996). BESA© software was used to calculate average and grand average ERP waveforms. Only correct responses were included for ERP analysis. 

Figure 2: ERP results from the Spatial Working Memory Task 

Figure 3: Temporal sequence of a single trial in the Implicit Spatial 
                  Memory Task (Murphy et al., 2009) 

Discussion 

Behavioural Results: Reaction times were faster for the 
study object correct location condition than the study 
object incorrect location condition [Z = -2.53, p = 0.01] 
and slower for the study objects condition than for the 
distractor objects condition [Z = -2.29, p = 0.02]. No 
between-group differences in accuracy or reaction times 
were observed. 
 
ERP Results: 
 

Figure 4: Amplitude at Pz for the Overall Group  

 
For the overall 
group a significant 
difference in peak 
latency (ms) at Pz 
was observed 
between test  
conditions [χ2(2) = 
18.69, p < 0.0005].  

Differences in mean amplitude were also observed 
between conditions for the overall group for the P300 
component [χ2(3)= 22.92, p < 0.0005]. No between 
group differences in peak latency or mean amplitude 
were observed. Figure 6: ERP waveforms for the P300 at FCz 

•For the spatial working memory task, reduced amplitude of the P300 component at posterior electrode sites Pz and POz was observed in the PLEs group in the absence of between-group 
behavioural differences. This suggests possible altered processing in the PLEs group that has not yet progressed to a severity that would cause behavioural impairment. No between-group 
differences were observed in the implicit spatial memory task. For the active auditory oddball task a P300 component was observed at fronto-central electrode site FCz for target tones but not 
non-target tones in the control group as anticipated. This P300 to target tone relative to non-target tones was absent in the PLEs group. The P300 at the midline electrode site Fz as well as 
other measures of frontal cognition have been put forward as endophenotypes for schizophrenia (Galliant et al., 2003) 
•Previous research has suggested that psychotic disorder may be preceded by disrupted prefrontal-temporal connectivity (Jacobson et al., 2010) or parietal dysfunction (Whalley et al., 2005). 
These results may reflect disrupted fronto-temporal and parietal networks in the PLEs group. 

 

 
Target ‘Oddball’ Tone  
(1500Hz – 20% of trials) 
 
Non-Target Tone  
(1000Hz – 80% of trials)             

Response window 1900ms within 
3000ms inter-stimulus interval 

Figure 5: Temporal sequence of trials in the Active Auditory Oddball Task 

Stimuli: 
Low Load 1:  4/9  locations, Low Load 2: 5/12 locations 
 
High Load 1: 6/15 locations, High Load 2: 7/18 locations 
32 trials per block 
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