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ABSTRACT  

Objective 

People with schizophrenia (PSZ) are impaired in the attentional prioritization of non-

salient but relevant stimuli over salient but irrelevant distractors during visual 

working memory (VWM) encoding. Conversely, the guidance of top-down attention 

by external predictive cues is intact. Yet, it is unknown whether this preserved ability 

can help PSZ overcome impaired attentional prioritization in the presence of salient 

distractors.  

Methods 

We employed a visuospatial change-detection task using four Gabor Patches with 

differing orientations in 69 PSZ and 74 healthy controls (HCS). Two patches 

flickered to reflect saliency and either a predictive or a non-predictive cue was 

displayed resulting in four conditions. 

Results 

Across all conditions, PSZ stored significantly less information in VWM than HCS 

(all p < 0.001). With a non-predictive cue, PSZ stored significantly more salient than 

non-salient information (t140 = 5.66, p < 0.001, dt = 0.5). With a predictive cue, PSZ 

stored significantly more non-salient information (t140 = 5.70, p < 0.001, dt = 0.5). 

Conclusion 

Our findings support a bottom-up bias in schizophrenia with performance 

significantly better for visually salient information in the absence of a predictive cue. 

These results indicate that bottom-up attentional prioritization is disrupted in 

schizophrenia, but the top-down utilization of cues is intact. We conclude that 

additional top-down information significantly improves performance in PSZ when 

non-salient visual information needs to be encoded in working memory. 
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INTRODUCTION 

Visuospatial working memory (VWM) and attention are two intricately and 

bidirectionally related cognitive domains (1-3) essential for elucidating the basis of 

perturbed information processing in schizophrenia (4). The role of top-down 

attention for the initial encoding of VWM representations is particularly crucial due to 

clear behavioral (5-7) and neurophysiological (8, 9) evidence for a primary 

impairment of this VWM component process in people with schizophrenia (PSZ).  

Specifically, top-down attention is essential for selecting goal-relevant 

information to be stored in VWM and the efficiency of this mechanism has a 

considerable influence on VWM capacity (10, 11). During VWM encoding, top-down 

attention, which is driven by stimulus relevance, competes with bottom-up attention, 

which is driven by stimulus salience (12, 13). If multiple items compete for limited 

processing in visual attention, selection of relevant and inhibition of irrelevant 

information depends on the successful execution of two top-down control processes 

(14). First, the control of selection aids the identification of relevant information, 

which should be selected (15). Second the implementation of selection enables the 

differential processing of selected and unselected information (15). Neural 

computations during attentional competition assign a distinct priority to each 

stimulus, which is the combined representation of its salience and behavioral 

relevance (16). To this end, the control of attentional selection is guided by an 

attentional set, which induces a top-down attentional bias toward relevant 

information based on current goals (17). According to the signal suppression 

hypothesis, this also facilitates the suppression of automatic attentional capture by 

visually salient distractors through inhibitory mechanisms (18, 19), a key element of 

the implementation of selection and a crucial prerequisite for adequate attentional 

prioritization.  
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Within the framework of predictive coding the attentional set – an internally 

generated high-level prediction of behavioral relevance – would be regarded as a 

prior. Predictive coding implies that during information processing a prior is 

combined with sensory information (likelihood) to compute a posterior probability 

(posterior) (20). Thus, for the computation of stimulus priority (posterior) during 

attentional competition, the attentional set is weighed against stimulus salience, 

which represents the likelihood of attentional capture. Notably, converging evidence 

indicates that schizophrenia is characterized by a decreased precision and stability 

of priors relative to sensory data (21), which might be related to attentional 

dysfunction.  

Behavioral VWM experiments using flickering stimuli as part of an encoding 

array clearly indicate a strong attentional bias in PSZ toward highly salient stimuli, 

even if they are behaviorally irrelevant (5). Consequently, these stimuli are encoded 

into WM with inadequately high priority. The correlation between the magnitude of 

this bottom-up attentional bias and reduced VWM capacity (5) underscores its 

importance for VWM dysfunction. Overall, the bottom-up attentional bias surpasses 

the top-down bias induced by the attentional set. This results in a failure to 

adequately prioritize non-salient but relevant stimuli over salient but irrelevant 

distractors. These findings indicate a specific impairment in the implementation of 

selection in PSZ when top-down control is needed to overcome salient distractors. 

Importantly, control of attentional selection relying solely on an internally generated 

attentional set is also disturbed in PSZ (22). Additionally, the selection of relevant 

and inhibition of irrelevant information is impaired in PSZ when top-down control is 

required in order to overcome an internally generated attentional set rather than 

stimulus salience and this impairment is associated with their reduced VWM 

capacity (23). These findings are compatible with an impairment to adequately 
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utilize the attentional set as a high-level prior, particularly in the presence of highly 

salient distractors.   

Conversely, patients’ ability to utilize external spatial cues to guide top-down 

attention during VWM encoding and to prioritize information correctly without the 

presence of salient distractors is intact (24). These findings are indicative of an 

‘island of preserved cognitive function’ (25), which can provide important clues 

about the cognitive and neurophysiological mechanisms underlying attentional and 

VWM encoding impairments in schizophrenia. The successful use of spatial cues 

indicates that additional visuospatial information can enhance the precision of 

patient’s priors, and that their general ability to utilize priors is intact. This would also 

imply that insufficiently precise and stable priors are a primary cause of impaired 

attentional control in schizophrenia. However, to our knowledge, it has not yet been 

investigated, whether top-down attentional control of PSZ aided by external cues 

can prevail when directly challenged by highly salient distractors. Illuminating this 

issue is crucial for models of impaired attentional control and stimulus prioritization 

during VWM encoding. In addition to predictive coding accounts of attentional 

dysfunction, impaired inhibition due to disturbances in the GABAergic system – a 

central pathophysiological mechanism in schizophrenia – is also highly pertinent for 

this question.  

There is converging evidence that the suppression of attentional capture by 

salient stimuli relies on a top-down inhibitory mechanism inducing local inhibition of 

such stimuli in early visual areas (26). While the exact mechanism underlying top-

down controlled attentional inhibition remains unknown, there is clear evidence for 

an important role of inhibitory GABAergic interneurons (27, 28). Notably, post-

mortem studies have consistently demonstrated widespread abnormalities in 

cortical inhibitory GABAergic interneurons in PSZ resulting in reduced inhibition 
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(29). Additionally, neuroimaging, behavioral and computational data also provide 

evidence for reduced GABAergic inhibition and its central role for cognitive 

dysfunction (30). Therefore, impaired GABAergic inhibition in early visual areas 

might be a crucial mechanism underlying the insufficient suppression of attentional 

capture by salient stimuli in PSZ. Yet, if the use of spatial cues enables PSZ to 

overcome this deficit, this would indicate that enhancing inhibitory control of 

attentional selection exerted by frontal-parietal areas is sufficient to increase local 

inhibition within early visual areas. It would also suggest that impaired control of 

selection is the central attentional deficit.   

The goal of the current study was to test these hypotheses in a behavioral 

VWM experiment directly contrasting top-down and bottom-up attentional processes 

during VWM encoding. To this end, we employed a VWM paradigm containing an 

equal number of salient (flickering) and non-salient (non-flickering) Gabor patches 

with different orientations. These were preceded by either a predictive cue 

indicating the location of task-relevant stimuli, or a non-predictive cue providing no 

such information.  

 

 

METHODS 

Participants 

We recruited 69 PSZ from psychiatric outpatient facilities in and around Frankfurt 

am Main, Germany. We established diagnoses of all patients according to DSM-5 

criteria based on a clinical interview and careful chart review at a consensus 

conference. We used the Positive and Negative Syndrome Scale (PANSS) to 

assess current psychopathology. All patients were on stable antipsychotic 

medication for at least one month at the time of the study. 
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74 healthy control subjects (HCS) were recruited by online and printed 

advertisements. They were screened using the German version of the Structural 

Clinical Interview SCID-I from the Diagnostic and Statistical Manual, Version IV 

(31). They reported no history of any psychiatric illness and no family history of 

psychiatric illness in first-degree relatives. All participants reported no history of 

neurological illness and no drug use (excluding nicotine) within the past six months.  

Groups were matched for age, sex, premorbid IQ, years of education, and parental 

years of education (Table 1). The ethics committee of the University Hospital 

Frankfurt approved all study procedures. Subjects provided written informed 

consent after receiving a complete description of the study. 

 

Working Memory Task 

A visuospatial change detection task (Figure 1) was implemented on a personal 

computer using Presentation software version 14.9 (www.neurobs.com). 

Throughout the experiment a black fixation cross was presented at the center of the 

screen. Subsequently, either a predictive endogeneous cue or a non-predictive 

endogeneous cue was presented by briefly turning the fixation cross white for 300 

ms. For the predictive cue, the white arms of the fixation cross indicated the future 

locations of the task relevant Gabor patches. For the non-predictive cue, the entire 

fixation cross turned white, providing no location information. After a 300 ms 

preparation interval, the encoding array was displayed for 400 ms. It consisted of 

four Gabor patches shown at four fixed locations equally spaced on an imaginary 

circle around the fixation cross. Two of the four patches flickered at a frequency of 

7.5 Hz. Before each block, participants were informed about the currently task-

relevant Gabor patches (flickering or non-flickering) and of the high likelihood that 

they would be probed during retrieval. In the predictive cue conditions, participants 
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therefore were provided with two sources of information about the targets: the 

instruction before the block and the additional cue at the start of each trial. The 

delay phase lasted for 2000 ms on average, with a jitter of 250 ms. During retrieval, 

one Gabor patch was shown within a white box at one of the four fixed locations for 

3000 ms. The other three Gabor patches were blurred out. Participants had to 

indicate by button press if the orientation of the highlighted Gabor patch was 

identical to or differed from the Gabor patch shown at the same location in the 

encoding array (for further details, see supplementary materials).  

In 80% of trials, we probed a Gabor patch of the task-relevant type 

participants were instructed to focus on (target trials). In 20% of trials, we probed a 

Gabor patch of the task-irrelevant type participants were not instructed to focus on 

(catch trials). This was done to assess each participants’ efficiency of attentional 

prioritization, which was operationalized as the difference between the amount of 

task-relevant and task-irrelevant information stored in VWM. We based our analysis 

on target trials. This resulted in four conditions: flickering / predictive cue, flickering / 

non-predictive cue, non-flickering / predictive cue, non-flickering / non-predictive 

cue. A total of 400 trials were presented, 100 for each condition, divided into four 

blocks of 200 trials, counterbalanced in order across participants and groups.  

 

Analysis of Behavioral Data 

The amount of information stored in VWM was quantified using Cowan’s K, where K 

= (hit rate + correct rejection rate − 1) ×  memory set size (3, 32). For the main 

analysis, we used Cowan’s K for the target trials of each condition. Statistical 

analyses were conducted using SPSS (IBM) Version 22, and the software package 

R (www.r-project.org). To control for its well-established impact on VWM, we added 

age as a covariate. The final model included group, condition, the interaction 
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between group and condition, as well as age as a covariate (for additional details, 

see supplementary materials).  

Significant main effects and interactions were further analyzed with pairwise 

t-tests, adjusted for age.  P-values for the pairwise comparisons were adjusted with 

the Tukey method for a family of four estimates. We computed effect sizes with 

generalized eta squared for the ANCOVA. For the within group comparisons, 

Cohen’s dt was calculated based on the age-adjusted t-ratio. For this the function 

‘t_to_d‘ (package effectsize) was used in R. All participants had an accuracy for 

target trials of greater than 50%. 

 

Correlation with working memory capacity 

To assess the relationship between the ability to prioritize task-relevant information 

and WM capacity, we correlated the effectiveness of attentional prioritization 

(Cowan’s K for target trials minus Cowan’s K for catch trials) in each participant 

across all four conditions with an independent estimate of VWM capacity derived 

from a 60-trial canonical change detection task (33). For 200 ms, Participants 

viewed an array of four colored circles, which were spaced equally apart on an 

imaginary circle around a central fixation cross (Figure S1). After an 1800 ms delay, 

a test array followed. Within 3000 ms, participants had to indicate by mouse-click if 

the test array was identical to the sample array presented during the encoding 

phase, or if one of the circles had changed color. Due to the use of a whole-display 

recognition test array, VWM capacity was calculated using Pashler’s K, where K is 

memory set size × ( (hit rate - correct rejection rate − 1) / (1 - correct rejection rate − 

1) ) (34).  
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RESULTS: 

HCS encoded more information into VWM in all four conditions (Figure 2): flickering 

/ predictive cue (mean = 1.32, SD = 0.39), flickering / non-predictive cue (mean = 

1.29, SD = 0.41),  non-flickering / predictive cue (mean = 1.28, SD = 0.39), non-

flickering / non-predictive cue (mean = 1.20, SD = 0.43) than PSZ : flickering / 

predictive cue (mean = 1.02, SD = 0.40), flickering / non-predictive cue (mean = 

0.94, SD = 0.48),  non-flickering / predictive cue (mean = 0.96, SD = 0.46), non-

flickering / non-predictive cue (mean = 0.74, SD = 0.46).  

 

ANCOVA Results: 

A significant effect of group with a large effect size on Cowan’s K was observed in 

our repeated-measures ANCOVA transformed with the non-paranormal method (p 

< 0.001, η2 = 0.157) (Table 2). As expected, a significant effect of age was also 

observed with a small effect size (p = 0.003, η2 = 0.048). In addition, we observed a 

significant effect of condition with small effect size (p < 0.001, η2 = 0.032), and a 

significant interaction of group and condition with a small effect size (p = 0.027, η2 = 

0.005). We did not observe a significant interaction between age and condition. 

 

Post-hoc Pairwise Comparisons: 

Between Groups: 

A significant reduction of the amount of information stored in VWM was observed in 

PSZ compared to HCS in each condition: flickering / predictive cue (p < 0.001), 

flickering / non-predictive cue (p < 0.001), non-flickering / predictive cue (p < 0.001) 

and non-flickering / non-predictive cue (p < 0.001). 
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Within Groups: 

For HCS, a significant reduction of the amount of information stored in VWM was 

observed in the non-flickering / non-predictive cue compared to the flickering / non-

predictive cue condition with a small effect size (p = 0.014, dt = 0.3). Similarly, a 

significant reduction of stored  information was observed in PSZ in the non-flickering 

/ non-predictive cue condition as compared to the flickering / non-predictive cue 

condition with a moderate effect size (p < 0.001, dt = 0.5).  

Additionally, PSZ stored significantly more information in the non-flickering / 

predictive cue condition as compared to the non-flickering / non-predictive cue 

condition with a moderate effect size (p < 0.001, dt = 0.5). Importantly, this effect 

was not observed in HCS. Further results can be found in Table 2. 

 

Correlation with working memory capacity 

We correlated each individual’s effectiveness of attentional prioritization (Cowan’s K 

for target trials minus Cowan’s K for catch trials) across all four conditions with an 

independent estimate of their VWM capacity. For HCS, WM capacity did not 

correlate with the effectiveness of attentional prioritization across all conditions 

(Mean = 3.31, SD = 0.58, rs = 0.16, p = 0.167). For PSZ, we observed a significant 

correlation between WM capacity and the effectiveness of attentional prioritization 

across all conditions (Mean = 2.91, SD = 0.74, rs = 0.25, p = 0.038). 
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DISCUSSION  

We studied the competition between bottom-up and top-down attentional 

processes during VWM encoding in PSZ and HCS in order to elucidate how 

disturbed attentional control contributes to VWM dysfunction in schizophrenia. 

Overall, we observed a significant main effect of group and a significant 

interaction between group and condition after correcting for age, which also showed 

a significant effect. Post-hoc analyses revealed that PSZ stored significantly less 

information in all four task conditions compared to HCS. As expected, after 

presentation of a non-predictive cue PSZ stored significantly more information in the 

flickering compared to the non-flickering condition. Notably, HCS showed the same 

effect, albeit with a small effect size compared to a moderate effect size for PSZ. 

Importantly, only PSZ but not HCS were able to store significantly more information 

in the non-flickering condition when shown a predictive cue compared to a non-

predictive cue. Finally, after presentation of a predictive cue there was no significant 

difference for the amount of stored information for the flickering and non-flickering 

condition in either HCS or PSZ.  

We could replicate a previous report by Hahn and colleagues of a bottom-up 

attentional bias toward salient distractors during VWM encoding in PSZ (5). The 

central question of our study was concerned with the effect of a predictive cue on 

the processing of salient distractors in PSZ. For the non-flickering conditions, where 

patients had to suppress highly salient stimuli, the addition of a predictive cue lead 

to a significant increase in the amount of stored information only in PSZ. This 

indicates that patients were able to utilize external cues to enhance prioritization of 

task-relevant information. Within the context of predictive coding, it points to an 

improved precision of high-level priors and an intact ability to use those priors in 

PZS in order to implement attentional selection and correctly prioritize stimuli for 
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encoding into VWM. It remains an open question whether the use of feature-based 

instead of spatial-based cues can lead to a similar beneficial effect. Our findings 

also support the notion that insufficiently precise and stable priors are a primary 

cause of impaired attentional control during VWM encoding in schizophrenia. 

Additionally, we observed a significant correlation between WM capacity and the 

effectiveness of attentional prioritization across all four conditions in PSZ but not in 

HCS. This highlights the importance of impaired attentional prioritization for VWM 

dysfunction in schizophrenia.  

Furthermore, the presentation of a predictive cue enhanced the suppression 

of irrelevant salient information in PSZ, which indicates a strengthening of inhibitory 

mechanisms. This suggests that disturbed inhibition in PSZ thought to underlie 

impaired control of attentional selection is not an irreversible phenomenon, but that 

it can be partially counteracted by aiding the attentional set with spatial cues. 

Additionally, our results are compatible with the interpretation that enhanced 

inhibitory control of attentional selection might also increase local inhibition within 

early visual areas. 

Unexpectedly, we also observed a weak bottom-up attentional bias toward 

salient distractors in HCS. This finding points to the existence of a bottom-up 

attentional bias in healthy subjects when challenged by highly salient distractors. 

Hahn and colleagues did not observe this subtle effect, a discrepancy that might be 

attributable to differences in task design. While both paradigms probed VWM, 

participants in the previous study had to memorize the position of flickering or non-

flickering checkerboard stimuli. Conversely, participants in our study had to 

memorize the fine-grained orientation of Gabor patches. Manipulation of stimulus 

salience by flickering might have interfered to a greater degree with perceptual 

processing of Gabor patch orientation than with checkerboard orientation. 
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Furthermore, Hahn and colleagues employed a whole-display recognition paradigm, 

while we used a partial-display recognition paradigm, which typically is cognitively 

more demanding.  

Our results imply that a bottom-up attentional bias toward salient information 

is not a unique feature of schizophrenia. Yet, we also observed a significant 

reduction in the amount of stored information for the non-flickering / non-predictive 

cue condition in PSZ compared to HCS. This indicates that PSZ are considerably 

more susceptible to failures of implementing selection in the presence of salient 

distractors without the aid of an external cue than HCS. This results in greater 

interference with the prioritization of information during VWM encoding in PSZ. 

Notably, another study investigating distractor processing during VWM encoding in 

PSZ did not report evidence for a bottom-up attentional bias (35). Here, stationary 

rotating motion was used to generate salient distractor stimuli. However, this 

manipulation of stimulus properties might not have been sufficiently salient to trigger 

automatic attentional capture, especially in light of the extensive evidence for 

motion processing impairments in PSZ (36). By contrast, flickering of visual stimuli 

has been shown to be particularly salient (37).  

Importantly, there is converging evidence of attentional hyperfocusing during 

visual information processing in PSZ (38). Increased vulnerability to attentional 

capture by salient distractors in PSZ could also be interpreted as a manifestation of 

attentional hyperfocusing, i.e. hyperfocusing on irrelevant information. This could 

imply a shared mechanism involving abnormal GABA-mediated inhibition for both 

phenomena. However, the exact relationship between the failure to implement 

attentional selection in the presence of salient visual distractors and the degree of 

attentional hyperfocusing in PSZ remains to be investigated. As attentional 

hyperfocusing appears to constrain the amount of information PSZ can encode into 
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VWM (39), it is conceivable that it contributed to the general VWM impairment we 

observed in PSZ across all task conditions. However, we were not able to make any 

inferences regarding this interpretation based on our current paradigm.  

To summarize, the current paradigm allowed us to study two central 

attentional processes, the control of attention and the implementation of selection 

and their contribution to VWM encoding deficits in PSZ. We were able to delineate 

the extent of intact and impaired aspects of these processes and to provide novel 

constraints for models of attentional dysfunction in the context of VWM. The 

neurophysiological underpinnings of our findings should be illuminated using 

functional neuroimaging. The relevance of such a study is underscored by the 

inclusion of both attention and working memory as constructs in the cognition 

domain of the Research Domain Criteria initiative (40). Given the presence of 

deficits in attention and working memory in other neuropsychiatric disorders such as 

bipolar disorder, our paradigm might therefore be useful for studying the 

pathophysiology of impaired information across diagnostic categories.  
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Figure Legends: 

Figure 1. Visual change detection task with four conditions; flickering / predictive 

cue, flickering / non-predictive cue, non-flickering / predictive cue, non-flickering / 

non-predictive cue. Flickering is indicated by white dashes around stimuli. The set 

size of four items was kept constant.  

 

 

Figure 2. Amount of information stored in VWM – estimated with Cowan’s K – in 

PSZ and HCS displaying within and between group contrasts. * Indicates p < 0.05, 

*** indicates p < 0.001 Error bars indicate standard deviation. Raw data is pictured, 

statistical results reflect transformed data. For visualization of transformed data, 

please see supplementary materials. 

 

 

 

 

Table Legends: 

 

Table 1. Values are mean (SD), or n. All statistics reported are 2-tailed. FGA = first-

generation antipsychotics, SGA = second-generation antipsychotics.  

 

Table 2. Degrees of freedom are corrected with Greenhouse–Geisser. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 19, 2021. ; https://doi.org/10.1101/2021.05.19.442954doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.19.442954


(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 19, 2021. ; https://doi.org/10.1101/2021.05.19.442954doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.19.442954


(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 19, 2021. ; https://doi.org/10.1101/2021.05.19.442954doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.19.442954


Barnes-Scheufler et al.     Attentional Competition during VWM Encoding in Schizophrenia 

 

1 
 

Table 1. Participant Characteristics 

 HCS (n =74) PSZ (n = 69) Statistic p Value 

Demographics     
Age, Years 36.70 (13.02); range 19-61 37.0 (10.61); range 20-61 t139 = 0.15 p = 0.881 
Sex, Male/Female 45 / 29 45 / 24 Fisher’s Exact Test  p = 0.607 
Participant Education, Years  16.26 (2.12) 15.78 (2.72) t141 = -1.17 p = 0.245 
Parental Education, Years 14.93 (3.02) 14.65 (3.37) t141 = -0.53 p = 0.600 
Premorbid IQ 113.93 (11.16) 110.00 (13.25) t141 = -1.92 p = 0.056 
Schizophrenia  45   
Schizoaffective disorder  24   
     
Psychopathology     
PANSS Positive  10.09 (3.50)   
PANSS Negative  11.80 (3.85)   
PANSS General  22.82 (4.86)   
PANSS Total  44.56 (9.84)   
     
Medication     
FGA  1   
SGA  60   
FGA + SGA  6   
Lithium  4   
Valproate  2   
Antidepressants  16   
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Table 2. Results 

Analysis Statistic p Value Effect SIze 

ANCOVA    
Group F1,140 = 32.85 p < 0.001 η2 = 0.157 
Age F1,140 = 8.90 p = 0.003 η2 = 0.048 
Condition F3,411 = 22.81 p < 0.001 η2 = 0.032 
Group x Condition F3,411 = 3.10 p = 0.027 η2 = 0.005 
Age x Condition F3,411 = 0.44 p = 0.717 η2 < .001 
    
Post-hoc Between Group Comparisons    
Flickering / predictive cue t140 = 4.53 p < 0.001  
Flickering / non-predictive cue t140 = 4.90 p < 0.001  
Non-flickering / predictive cue t140 = 4.75 p < 0.001  
Non-flickering / non-predictive cue t140 = 6.36 p < 0.001  
    
Post-hoc Within Group Comparisons    
HCS    
Flickering / predictive cue vs Flickering / non-predictive cue t140 = 0.55 p = 0.948 dt = 0.1 
Flickering / predictive cue vs Non-flickering / predictive cue t140 = 1.31 p = 0.558 dt = 0.1 
Non-flickering / predictive cue vs Non-flickering / non-predictive cue t140 = 2.24 p = 0.117 dt = 0.2 
Non-flickering / non-predictive cue vs. Flickering / non-predictive cue t140 = 3.06 p = 0.014 dt = 0.3 
    
PSZ    
Flickering / predictive cue vs Flickering / non-predictive cue t140 = 1.60 p = 0.390 dt = 0.1 
Flickering / predictive cue vs Non-flickering / predictive cue t140 = 1.52 p = 0.431 dt = 0.1 
Non-flickering / predictive cue vs Non-flickering / non-predictive cue t140 = 5.70 p < 0.001 dt = 0.5 
Non-flickering / non-predictive cue vs. Flickering / non-predictive cue t140 = 5.66 p < 0.001 dt = 0.5 
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