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                                                                                     Methods
Participants: Participants were recruited from 8 primary schools in north Co. Dublin. Participants were initially screened for 
psychotic symptoms in schools using a 7-item Adolescent Psychotic-Like Experiences Screener (Kelleher et al., 2009). 
Further screening was carried out via clinical interview. 22 participants took part in the study comprising 11 adolescents 
who were experiencing psychotic symptoms (the at-risk group) (3 male; 10 right-handed; mean age 12.3 years) and 11 
control adolescents (4 males; 11 right-handed; mean age 12.5 years).

Behavioural and electroencephalographic (EEG) data (64 channels) were collected as participants completed a 
computerised version of the Sternberg working memory task (Sternberg, 1966) – see Figure 1. Stimuli were adapted for use 
with an adolescent population. The task included 4 blocks (2 x low memory load and 2 x high memory load). Participants 
were presented with a study stimulus showing a number of target stimuli in placeholders. Each block contained 32 test trials 
in which participants made a button press response to indicate whether a stimulus was in a correct or incorrect location. 
BESA© software was used to calculate average and grand average ERP waveforms.

                                                                                  Discussion

                                                                                    Results

•Contrary to the idea that psychosis is an all or nothing occurrence, van Os and colleagues (van Os, 2000) suggest that psychosis may exist as a continuous phenotype in nature. The presence of 
psychotic symptoms in adolescence has been identified as a potential risk marker for the development of schizophrenia in adulthood and research has indicated that screening adolescents for 
psychotic-like experiences may prove useful in the early detection of those at-risk of later developing psychosis.

•Working memory refers to the brain system that provides temporary storage and manipulation of information necessary for cognitive tasks such as learning, reasoning and language 
comprehension and requires the simultaneous storage and processing of information. It is considered that working memory may represent a neurocognitive trait marker for schizophrenia, as it is 
considerably impaired throughout the illness, it involves neural circuits deemed dysfunctional in the disorder and has been associated with negative symptoms (Wood et al., 2003). 

•Studies have shown that performance on working memory tasks deteriorates as memory load (number of items to be remembered) increases. Sternberg (1966) states that when subjects judge 
whether a test symbol is contained in a short memorised sequence of symbols, their mean reaction time increases linearly with the length of the sequence. 

•Research indicates that the P300 (P3) component of the human ERP is associated with the updating of working memory. Studies have found an increase in P3 amplitude and latency as memory 
load increased.
Here a task was designed to investigate the electrophysiological correlates of working memory in  a group of adolescents considered symptomatically at-risk of developing psychosis 

and a control group.
    

Behavioural Results:
The groups did not differ significantly on either overall accuracy or reaction times. 
However, as load level increased, accuracy decreased for both groups 
(F(1,19)=25.521; p=0.0001) and reaction time increased for both groups 
(F(1,19)=18.630; p=0.0001) – see Figure 2.

Event-Related Potentials (ERP) Results:
ERP waveforms for both groups were compared on accuracy responses and memory 
load. Waveform components elicited during the task were similar across all 
accuracy conditions and included a P3b component at posterior parietal electrodes 
(see Figure 3 for ERP waveforms at Pz), however, differences in mean amplitude 
were observed between groups. Amplitude in all accuracy conditions was lower for 
the at-risk group than for the control group. 

Regardless of target location (correct or incorrect), correct responses were 
associated with decreased mean amplitudes in the at-risk group compared to the 
control group at posterior parietal electrode sites [Pz for correctly identified target in 
study location condition: F(1,20)=5.1, p=0.035 and Pz for correctly identified target 
in novel location condition: F(1,20)=9.33, p=0.006] – see Figure 3.

Group differences were found in ERP amplitude at electrode site Pz for correctly 
identified targets in study location (positive probe) at high load only and for 
correctly identified targets in novel location (negative probe) at both low and high 
load – see Figure 4.

As expected, as memory load increased, accuracy decreased and reaction time increased for both groups. No significant differences were found between the groups in the behavioural data. 
However, mean amplitudes  for the P3b component were consistently and significantly lower, for the at-risk group across all accuracy conditions in the task, indicating possible use of an 
alternate brain circuit to perform the task. The necessity for the use of this alternate circuit may speculatively suggest the presence of dysfunction in the ‘normal’ neural circuit for this task. This 
study adds to the evidence for parietal dysfunction in the earliest stages of psychosis (Whalley et al, 2005). 
Future research will add to the number of participants in both the control and at-risk groups. Dipole Source Analysis will also be used to explore the possible generators of scalp recorded 
potentials once the number of participants has been increased. Future studies will also pursue the idea of a spatial processing deficit in adolescents at-risk of psychosis, by testing the same groups 
on a spatial working memory task (the Spatial Grid Task – Murphy et al., 2009). Future research will also focus on broader markers of higher-order processing such as emotion identification, 
using an emotion recognition task.
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Figure 1: Example from Block 1 of the Working Memory Task displaying a 
Fish Bowl Placeholder Array, followed by the Study Array, followed by 
another Placeholder Array and a Test Stimulus in a Correct Location
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Figure 4: Mean amplitude at Pz for correctly identified positive probes at low memory load and high memory load (left) and mean 
amplitude at Pz for correctly identified  negative probes at low memory load and high memory load (right)

Behavioural Results 

Figure 2: Bar charts showing mean accuracy (left) and mean 
reaction times (right) for control and at-risk groups for both 
low and high memory load conditions
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Figure 3: ERP waveforms  and corresponding scalp topographic 
maps showing group differences for correct responses

Pz for correctly identified target in study location (positive probe)
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Pz for correctly identified target in a novel location (negative probe)

-4

-2

0

2

4

6

8

10

-100 100 300 500 700 900

Time

A
m

p
lit

u
d

e

At-Risk

Controls


	Slide 1

