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Introduction 
 

• Schizophrenia has long been conceptualized as a disorder 

of loose associations [1], which may result from differences in 

storage, organization, or activation of items in semantic 

memory 
 

•  In RT tasks, schizophrenia patients have been found to 

exhibit 

• increased semantic priming under conditions which bias 

toward automatic processing (i.e., short SOA) 

• decreased semantic priming under controlled processing 

conditions [2] 
 

• Most consistent finding from RT literature is increased 

indirect semantic priming in thought disordered patients [3] 
 

• Since indirect semantic priming is thought to index 

spreading activation, thought disorder may be related to 

disinhibited semantic networks 
 

• Currently it is unknown if this effect can be replicated with 

ERPs, a more direct measure of neural activity 
 

• ERP studies of direct semantic priming have found 

reduced N400 effects, even under automatic processing 

conditions, and even when no clear RT differences between 

groups [4,5] 
 

The Present Study 
 

• We proposed to investigate the direct and indirect 

semantic priming N400 effect in schizophrenia 

• Under more automatic semantic processing conditions 

• In relation to symptoms of thought disorder 
 

 

 In addition, there were no differences between any of these patient 

groups in medication, age, premorbid IQ, or negative symptoms (see 

Table below) 
 

Demographic and psychopathological data by patient group

All   Thought 

Disordered

Non-Thought 

Disordered

More Auditory 

Hallucinations

Less Auditory 

Hallucinations

(n = 18)       (n = 8) (n = 10) (n = 8) (n = 10)

42.9 (12.5) 30.8 (13.5)

TLC total 3.8 (3.9) 5.1 (4.2) 2.7 (3.4) 3.9 (4.6) 3.8 (3.2)

SANS total 36.5 (14.1) 40.3 (12.6) 33.1 (15.2)

586 (491) 399 (412)

SAPS total 26.6 (20.3) 38.8 (21.4) 15.9 (12.1) 35.4 (21.9) 18.9 (16.1)

CPZ equivalent 493 (448) 548 (578) 450 (349)

3 (1) 3 (2)

Premorbid IQ 108 (12) 111 (10) 105 (14) 109 (11) 107 (14)

Hollingshead Index 3 (1) 3 (1) 3 (2)

41 (9) 47 (7) 40 (8)

Education (years) 13 (2) 14 (2) 12 (2) 13 (2) 13 (3)

Age (years) 43 (8) 46 (7)

Figure 3 – Grand Average for all Patients (n = 18) 

Results 

As a whole, SZ patients showed a significant direct N400 semantic priming effect, but no indirect N400 

effect 
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Figure 7  

Mean direct N400 priming effects at Cz 

Figure 8 

Mean indirect N400 priming effects at Cz 

N400 



Methods 
 

•18 participants with a DSM IV-TR diagnosis of schizophrenia 
• right-handed native speakers of English  

• normal or corrected-to normal vision 

• no history of traumatic head injury 

• no substance abuse within the past 3 months, or any history of substance 

dependence 
 

• EEG recorded from 29 scalp electrodes while participants read 

three types of word pairs: 
• Directly related (tiger – stripes) 

• Indirectly related (lion – (tiger) – stripes) 

• Unrelated (soft – stripes) 
 

• Prime and target were presented for 250 msec with 100 msec 

ISI: SOA = 350 msec 
 

• Task was simply to monitor for probe filler items (food words) 

• Food words comprised 20% of lists, half in prime position and half in target 
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Figure 4 - Patients with tangential speech (n = 8) 

Figure 6 - Patients without tangential speech (n = 10) 

Figure 5 - Patients with more auditory hallucinations (n = 8) 

Figure 1 – Electrode Montage 

Figure 2 – A Typical Stimulus Trial 

Discussion 
 

• SZ patients with more symptoms of positive thought disorder 

had more direct and indirect semantic priming, as measured by 

the N400 effect 
 

• SZ patients who had higher ratings of auditory verbal 

hallucinations also had increased direct and indirect semantic 

priming 
 

• Patients without these symptoms did not show any significant 

semantic priming 
 

• This lends support to the idea that positive thought disorder is 

associated with increased spreading activation in semantic 

memory, at least relative to other SZ patients 
 

• The lack of any priming in non-thought disordered patients is in 

line with previous findings of no significant N400 effect in short 

SOA semantic priming experiments [4,5] 
 

• The unexpected finding of increased direct and indirect 

semantic priming in patients with higher ratings of auditory verbal 

hallucinations might be related to the same underlying pathology 

of the superior temporal lobe implicated in both thought disorder 

and auditory verbal hallucinations [6,7] 
 

References 
[1] Bleuler, E. (1950). Dementia praecox or the group of schizophrenias. (J. Zinkin, translator). New 

York, NY: International Universities Press (Originally published 1911). 

[2] Minzenberg, M.J., Ober, B.A., & Vinogradov, S. (2002).  Semantic priming and schizophrenia: A 

review and synthesis.  Journal of the International Neuropsychological Society, 8, 699-720. 

[3] Condray, R., Siegle, G.J., Cohen, J.D., van Kammen, D.P., & Steinhauer, S.R. (2003).  Automatic 

activation of the semantic network in schizophrenia: Evidence from event-related brain potentials.  

Biological Psychiatry, 54, 1134-1148. 

[4] Mathalon, D.H., Faustman, W.O. & Ford, J.M. (2002). N400 and automatic semantic processing 

abnormalities in patients with schizophrenia. Archives of General Psychiatry, 59, 641-648. 

[5] Spitzer, M., Braun, U., Hermle, L., & Maier, S. (1993).  Associative semantic network dysfunction 

in thought-disordered schizophrenic patients: Direct evidence from indirect semantic priming. 

Biological Psychiatry, 34, 864-877. 

[6] Holinger DP, Shenton ME, Wible CG, Donnino R, Kikinis R, Jolesz FA, McCarley RW. (1999) 

Superior temporal gyrus volume abnormalities and thought disorder in left-handed schizophrenic 

men.Am J Psychiatry, 156(11), 1730-5. 

[7] Levitan, C., Ward, P.B. and Catts, S.V. (1999). Superior temporal gyral volumes and laterality 

correlates of auditory hallucinations in schizophrenia. Biological Psychiatry 46, 955–962.  

This research was supported by grants from NICHD (HD25889 and HD43251) to Phillip J. Holcomb, and by grants 

from NIMH (RO1 MH071635) and NARSAD (with the Sidney Baer Trust) to Gina R. Kuperberg 

However, symptoms of positive thought disorder and hallucinations significantly predicted the size of the N400 

effects 

SZ patients who were rated to have 

more tangential speech showed larger 

direct and indirect N400 semantic 

priming effects 

Surprisingly, SZ patients with higher 

ratings of auditory verbal hallucinations 

showed larger indirect semantic priming 

N400 effects 

 

The symptoms of tangential speech and 

auditory verbal hallucinations were not 

correlated with each other 

Patients without tangential speech did 

not exhibit any significant semantic 

priming – direct or indirect 


