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INTRODUCTION

Schizophrenia is a complex and highly incapacitating mental disorder that has the highest disability weight, according to the Global Burden of Disease (Salomon et al., 2012). This has a significant impact on affected individuals and their families, resulting in important societal and economic costs [START_REF] Knapp | Economic issues in access to medications: Schizophrenia treatment in England[END_REF]. Schizophrenia is often characterized by cognitive impairments that are important predictors of poor quality of life, occupational and social functioning [START_REF] Green | Cognitive impairment and functional outcome in schizophrenia and bipolar disorder[END_REF][START_REF] Mcgurk | The role of cognition in vocational functioning in schizophrenia[END_REF][START_REF] Ritsner | Predicting quality of life impairment in chronic schizophrenia from cognitive variables[END_REF]. Cognitive impairments in schizophrenia have been shown in the domains of attention, memory, executive functions, and social cognition [START_REF] Bilder | Neurocognitive correlates of the COMT Val158Met polymorphism in chronic schizophrenia[END_REF][START_REF] Hutton | Executive function in first-episode schizophrenia[END_REF][START_REF] Szoke | Longitudinal studies of cognition in schizophrenia: meta-analysis[END_REF], and are associated with brain structural abnormalities [START_REF] Crespo-Facorro | Neuropsychological functioning and brain structure in schizophrenia[END_REF].

Over the last decades it has been proposed that abnormalities in primary sensory brain regions in schizophrenia induce dysfunctions in basic visual and auditory processes, which may contribute to impairments in higher-order functions [START_REF] Javitt | When doors of perception close: bottom-up models of disrupted cognition in schizophrenia[END_REF]. Deficits in the auditory system are apparent in basic sensory processing, such as tone encoding and detection of pitch deviation [START_REF] Javitt | Impaired precision, but normal retention, of auditory sensory ('echoic') memory information in schizophrenia[END_REF][START_REF] Javitt | Impairment of early cortical processing in schizophrenia: An event-related potential confirmation study[END_REF]March et al., 1999). Deficits in the visual system are evident in smooth eye movements, motion detection, and contrast sensitivity [START_REF] Butler | Visual Perception and Its Impairment in Schizophrenia[END_REF][START_REF] O'donnell | Selective deficits in visual perception and recognition in schizophrenia[END_REF]. Importantly, deficits in basic processing are associated with impairments in higher-order processes such as phonological processing, auditory emotion recognition, recognition of objects and facial expressions [START_REF] Javitt | When doors of perception close: bottom-up models of disrupted cognition in schizophrenia[END_REF], which may ultimately contribute to poor social outcomes [START_REF] Arnott | Impaired reading comprehension in schizophrenia: Evidence for underlying phonological processing deficits[END_REF][START_REF] Dale | Timing is everything: Neural response dynamics during syllable processing and its relation to higher-order cognition in schizophrenia and healthy comparison subjects[END_REF][START_REF] Javitt | When doors of perception close: bottom-up models of disrupted cognition in schizophrenia[END_REF][START_REF] Kantrowitz | Neural substrates of auditory emotion recognition deficits in schizophrenia[END_REF][START_REF] Koro | Impaired visual object recognition and dorsal/ventral stream interaction in schizophrenia[END_REF][START_REF] Martínez | Neural oscillatory deficits in schizophrenia predict behavioral and neurocognitive impairments[END_REF][START_REF] Morrison | Deficits in facial-affect recognition and schizophrenia[END_REF][START_REF] Revheim | Reading impairment and visual processing deficits in schizophrenia[END_REF][START_REF] Tek | Visual perceptual and working memory impairments in schizophrenia[END_REF].

Over the past decade, Dr. Vinogradov's group and others have shown that neuroscience-informed cognitive training targeting auditory processes improves global cognition, speed of processing, verbal learning and memory, as well as reasoning and problem-solving in early onset and chronic schizophrenia subjects [START_REF] Fisher | Using neuroplasticity-based auditory training to improve verbal memory in schizophrenia[END_REF].

Importantly, participants who were able to make the most progress through basic auditory training exercises also showed the most improvement in higher-level cognitive outcome measures [START_REF] Adcock | When top-down meets bottom-up: Auditory training enhances verbal memory in schizophrenia[END_REF][START_REF] Biagianti | Engagement with the auditory processing system during targeted auditory cognitive training mediates changes in cognitive outcomes in individuals with schizophrenia[END_REF]. The brain of trained schizophrenia participants recovered impaired sensory gating and oscillations in neural activity related to auditory processing [START_REF] Popov | Specific cognitive training normalizes auditory sensory gating in schizophrenia: A randomized trial[END_REF][START_REF] Popov | Targeted training modifies oscillatory brain activity in schizophrenia patients[END_REF]; and restored neural patterns of response in a source monitoring task [START_REF] Subramaniam | Computerized Cognitive Training Restores Neural Activity within the Reality Monitoring Network in Schizophrenia[END_REF]. A significant positive relationship was evident between training-induced enhancements of prefrontal cortical activity and better ratings on social and occupational domains of the Quality of Life Scale six months after completion of training [START_REF] Subramaniam | Intensive cognitive training in schizophrenia enhances working memory and associated prefrontal cortical efficiency in a manner that drives long-term functional gains[END_REF]. Cognitive improvements in schizophrenia were also associated with increases in serum levels of pro-cognitive molecules such as BDNF (Vinogradov et al., 2009) and D-serine [START_REF] Panizzutti | Increased serum levels of the NMDA receptor co-agonist d-serine correlate with cognitive gains induced by neuroplasticity-based auditory training in schizophrenia[END_REF], as well as variations in the cognition-related gene COMT [START_REF] Panizzutti | Genetic correlate of cognitive training response in schizophrenia[END_REF].

On the other hand, fewer studies evaluated cognitive training targeting visual processes in schizophrenia.

In one study that evaluated schizophrenia subjects undertaking different trainings (visual, auditory and cognitive control) concomitantly, improvements in the visual perceptual exercises were associated with gains in visual but not verbal memory [START_REF] Surti | Successful computer-based visual training specifically predicts visual memory enhancement over verbal memory improvement in schizophrenia[END_REF]. Also, a specific training on motion perception improved impairments in the visual modality, but with no transfer of effect to other cognitive measurements [START_REF] Norton | Perceptual training strongly improves visual motion perception in schizophrenia[END_REF].

In To answer these questions, we selected two groups of cognitive training exercises that were dynamically identical, with the exception of the sensory modality that was trained (i.e. auditory or visual). We compared the effect of the auditory versus visual neuroscienceinformed cognitive training exercises in schizophrenia patients, using global cognition as the primary outcome. We evaluated the effect of training on the different cognitive domains affected in schizophrenia, clinical symptoms and quality of life as secondary outcomes.

METHODS

Participants

Seventy-nine schizophrenia subjects were recruited from the day-hospital and outpatient clinic of the Institute of Psychiatry (IPUB)

at the Federal University of Rio de Janeiro from September 2013 until December 2016.

Participants were self-referred or referred by a psychiatrist and signed a written consent form after being informed about the study procedures. We included participants between 18 and 60 years old with a schizophrenia or schizoaffective disorder diagnosis.

Participants were clinically stable and had an outpatient status for at least one month before starting the training. Participants continued to take their medication as usual during the study and had no change in dosage greater than 10%. At study entry, participants received an evaluation to determine eligibility that included the WAIS-IV Information and Matrix Reasoning IQ test [START_REF] Wechsler | Wechsler adult intelligence scale -Fourth Edition (WAIS-IV)[END_REF], the Mini International Neuropsychiatry Interview Plus diagnostic interview [START_REF] Sheehan | The Mini-International Neuropsychiatric Interview (M.I.N.I.): The development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10[END_REF] 

Study design

This study used a randomized, double-blind, parallel design, 

Cognitive Assessments

We assessed the seven cognitive domains defined by the Intelligence Test -Managing emotions (MSCEIT) to assess social cognition. A detailed explanation of these tests and their outcome measures can be found in previous literature [START_REF] Massardo | Anti-N-methyl-Daspartate receptor and anti-ribosomal-P autoantibodies contribute to cognitive dysfunction in systemic lupus erythematosus[END_REF][START_REF] Scoriels | Effects of modafinil on cognitive functions in first episode psychosis[END_REF]. We used parallel versions of the tests that were sensitive to practice effects (i.e. HVLT, and BVMT) at 20 and 40 hours of training. Global cognition was calculated from the z-scores of speed of processing, attention, working memory, verbal learning, visual learning, reasoning and problem-solving, and social cognition.

Cognitive Training Exercises

We See Figure S1 from the supplementary material for details. In both trainings, participants were driven to make progressively more accurate distinctions about the spectrotemporal fine structure of auditory or visual stimuli under conditions of increasing attention, memory and difficulty load [START_REF] Fisher | Using neuroplasticity-based auditory training to improve verbal memory in schizophrenia[END_REF]. Task difficulty increased systematically as performance improved and an algorithm was used to maintain individual rates of success in the exercises at around 80%. Correct performance was rewarded through entertaining visual and auditory embellishments and the accumulation of stars. To monitor the magnitude of progress in the training exercises, we evaluated subjects improvement in performance for each individual exercise using T-scores.

Planned analyses

The main outcome, i. We applied Bonferroni corrections for data with multiple dependent variables. Data were analyzed using SPSS.

RESULTS

Participants

Two hundred and two subjects were screened and 123 (61%)

were excluded because of ineligibility or lack of interest in the study. ill (all except two were taking antipsychotics over the course of the study). There were no significant socio-demographic and clinical differences between the two randomized groups (Table 1). Sixty-four participants trained in the laboratory and 15 participants trained at home, assessing the exercises on the internet. The training site did not affect the cognitive or the clinical outcomes when used as a covariate.

The magnitudes of progress in the cognitive training exercises were similar between the auditory and the visual training groups.

-------------------Insert table 1 here ------------------------

Cognitive Outcomes

There =3.97, p=0.02, d=0.70). These results

showed medium to large effects in the direction of an improvement of the cognitive domains evaluated (Figure 1 and Table 2).

-------------------Insert figure 1 here ------------------------Additionally, we performed an exploratory analysis of individual cognitive tests separated by the sensory modality used in the neuropsychological assessment: visual or auditory (Tables S1 andS2, respectively S1 andS2).

-------------------Insert table 2 here ------------------------

Symptoms and Quality of Life

The RM-ANOVA showed an interaction of time by type of training for PANSS negative symptoms scores (F (75,1) =3.90, p=0.05, d=0.45 ; Table S3 and Figure 2C). Overall participants had a significant decrease of PANSS total score with time (F =6.4, p=0.02, d=0.82) only (Table S3 and Figure 2A, 2B, and 2D).

We found no significant effect of time, type of training or interaction of time by type of training in the quality of life (Table S3).

-------------------Insert figure 2 here ------------------------

Association Between Changes in Cognition and in Clinical Symptoms

We used Pearson correlations to test the association between the post-intervention changes in global cognition, attention, and reasoning and problem-solving, and changes in PANSS symptoms scores.

Interestingly, we found a statistically significant association between the improvement in global cognition and the decrease in positive symptoms (r=-0.37, p=0.02) in the schizophrenia subjects who performed 40 hours of the visual training (Figure 3A). We also found in the visual training group significant associations between the improvements in attention and the decreases in positive, negative and total symptoms (r=-0.42, p=0.01 ; r=-0.36, p=0.03, and r=-0.49, p=0.002 respectively, Figure 3B-D). We did not observe these associations in the auditory training group.

-------------------Insert figure 3 here ------------------------

DISCUSSION

This study provides evidence that visual and auditory exercises of neuroscience-informed cognitive trainings are differentially effective at improving global cognition in schizophrenia subjects. On one hand, the visual training group notably improved in global cognition, with specific improvement observed in both low-order (attention) and high-order (reasoning and problem-solving) cognitive processes. On the other hand, the auditory training group improved over time in reasoning and problem-solving. However, only the training of visual processes was able to significantly improve global cognition.

The higher efficiency of the visual training may be explained by the predominance of the visual over the auditory processing system.

Vision plays a predominant role over audition, and we are generally more prone to attend to visual stimuli over auditory stimuli [START_REF] Godfroy-Cooper | The interaction of vision and audition in two-dimensional space[END_REF]. The Mc Gurk effect is a great demonstration that the visual system takes over the auditory system, when conflicting information is observed between the two perceptual modalities [START_REF] Mcgurk | Hearing lips and seeing voices[END_REF]. Our results also suggested that the perceptive modality of the tests may be sensitive to the perceptive modality of the training. Indeed, both the visual and auditory trainings improved visual tests whereas only the auditory training improved auditory tests.

In a previous study, 50 hours of auditory exercises of neuroscience-informed cognitive training improved verbal learning and memory and cognitive control in schizophrenia subjects that lasted 6 months beyond the intervention [START_REF] Fisher | Neuroplasticity-based cognitive training in schizophrenia: An interim report on the effects 6 months later[END_REF]. The addition of 50 more hours of visual and cognitive control training drove enduring gains also in speed of processing and global cognition (with a z-score change of 0.4). These findings emphasize that impairments in visual processes are important targets for improving global cognition in schizophrenia.

Yet, the moderate effect of the auditory training was surprising,

given that previous studies using similar auditory training exercises had found significant improvement in several cognitive domains [START_REF] Fisher | Neuroplasticity-based auditory training via laptop computer improves cognition in young individuals with recent onset schizophrenia[END_REF][START_REF] Fisher | Using neuroplasticity-based auditory training to improve verbal memory in schizophrenia[END_REF]. These studies have shown that cognition is more impaired in the chronic phases than the early phases of schizophrenia, and that auditory training is more efficient in the chronic phases [START_REF] Fisher | Neuroscience-informed auditory training in schizophrenia: A final report of the effects on cognition and serum brain-derived neurotrophic factor[END_REF] versus the early phases of schizophrenia [START_REF] Fisher | Neuroplasticity-based auditory training via laptop computer improves cognition in young individuals with recent onset schizophrenia[END_REF] or high risk for psychosis (Loewy et al., 2016). In our study, chronic schizophrenia participants in the auditory training group showed, at baseline, average performance in 4 cognitive domains, and low average performance in 3 domains, reflecting more intact cognition, and improvement in reasoning and problem solving only. This pattern of results indicates that less impairment at baseline leads to improvement in fewer cognitive domains after auditory training.

Feasibility of implementing the cognitive training program in

schizophrenia subjects in different sites was verified in a multi-site, multinational study [START_REF] Murthy | Computerized cognitive remediation training for schizophrenia: An open label, multi-site, multinational methodology study[END_REF]. The results on cognitive outcomes were also mixed, and could be the result of the studied population, including the level of cognitive deficits, and differences in the measures used.

We found a significant decrease in symptoms of schizophrenia in both training groups. Interestingly, the visual training group showed significant improvements over time in a broad range of symptoms, which correlated significantly with improvements in attention. The literature has shown that impairments in attention are associated with both negative and positive symptoms of schizophrenia [START_REF] Berman | Differential relationships between positive and negative symptoms and neuropsychological deficits in schizophrenia[END_REF][START_REF] Mazza | Assessment of attention network efficiency in schizophrenic patients with positive and negative symptoms[END_REF][START_REF] Sanz | Dimensions of attention impairment and negative symptoms in schizophrenia: A multidimensional approach using the conners continuous performance test in a spanish population[END_REF] and the correlation found in our study suggests a pathway between the improvements in attention and the decrease in the clinical symptoms of schizophrenia. This hypothesis is supported by data from a metaanalysis that found that cognitive remediation is often related to small to moderate beneficial effects in symptoms [START_REF] Cella | Cognitive remediation for negative symptoms of schizophrenia: A network meta-analysis[END_REF].

Therefore, we could speculate that even small changes in cognition, and more specifically in basic cognition (i.e. attention), can make a significant difference in patients' symptoms.

The sample size may have limited our study results, as we had a high attrition rate, with several gains in cognition very close to significance. One could also argue that the improvements we observed in cognition may be due to a test re-test effect. However, we evaluated a pilot group of schizophrenia subjects at baseline with the same battery of tests twice (one week apart), and there were no significant differences between the two sessions, demonstrating that a practice effect was improbable (unpublished data). A study by Pietrzak and colleagues also shows stable cognitive impairments in schizophrenia subjects when assessed within weeks or months [START_REF] Pietrzak | Stability of cognitive impairment in chronic schizophrenia over brief and intermediate re-test intervals[END_REF].

Further, whenever possible, we used parallel versions of the same tests, and we avoided tests known to have high practice effects. Also, our study was designed such that the visual training and the auditory training would be the control of one another, thus it did not include an independent control group such as treatment as usual. However, we acknowledge that it would have been beneficial to include such a group to assess the specificity of the gains in symptomatology.

This study shows for the first time that a neuroscience-informed 

  sum, the evidence indicates that neuroscience-informed cognitive training targeting auditory and visual processes can remediate brain dysfunctions present in schizophrenia. However, it is not known which sensory modality (visual or auditory) of cognitive training will generalize more efficiently to the global cognition in schizophrenia. Global cognition is defined as a composite measure encompassing the Measurement And Treatment Research to Improve Cognition in Schizophrenia (MATRICS)-defined domains affected in schizophrenia: speed of processing, attention, working memory, verbal learning, visual learning, reasoning and problem-solving, and social cognition. To investigate the comparative impact of cognitive training with auditory versus visual processes in schizophrenia, we posed two questions: 1) Which modality of intensive sensory cognitive trainingauditory or visual -has a larger impact on global cognition in schizophrenia participants? 2) Are the cognitive gains in participants who underwent auditory or visual cognitive training associated with changes in symptoms and quality of life?

  where participants performed 40 hours of auditory or visual cognitive training. Participants were randomized to either the auditory or the visual cognitive training using a hierarchical stratification by gender, age, IQ, years of education, diagnosis, PANSS scores, ethnicity, BMI, and recruitment site. Participants were blind to group assignment, and the research team performing the assessments had no access to participants' group assignment. Participants completed cognitive assessments at baseline and after 20 and 40 hours of training. All the assessments took place in our research facilities. However, participants were given the choice to perform the online trainings in our research facilities or at home. They were asked to practice for 1 hour per day, at least 3 days a week, which enabled the training to last between 2 and 4 months. The research team monitored training compliance weekly using the electronic records available online at the training platform.

  Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS), using the MATRICS Consensus Cognitive Battery recommended tests (MCCB) available in Portuguese and the Cambridge Neuropsychological Test Automated Battery (CANTAB). We administered the MCCB Category Fluency (CF) and the CANTAB Reaction time (RTI) to assess speed of processing; the CANTAB Rapid Visual Processing (RVP) to assess attention; the Wechsler Adult Intelligence Scale (WAIS) III digit backward (DB) and the CANTAB Spatial Working Memory (SWM) to assess working memory; the MCCB Hopkins Verbal Learning Task (HVLT) to assess verbal learning; the MCCB Brief Visuospatial Memory Test (BVMT) to assess visual learning; the CANTAB Stocking Of Cambridge (SOC) to assess reasoning and problem-solving; and the MCCB Mayer-Salovey-Caruso Emotional

  designed the auditory and visual computerized cognitive trainings by selecting pairs of auditory and visual exercises from Posit Science, Inc (www.brainhq.com) that had equivalent task dynamics, each in its perceptive modality. The auditory training included Sound Sweeps, Fine Tuning, Memory Grid, Auditory Ace, Syllable Stacks, and In the Know. The visual training included Visual Sweeps, Eye for Detail, Target Tracker, Card Shark, Juggle Factor, Recognition, and Face Facts.

  e. the differential effect of the auditory and visual trainings on global cognition in schizophrenia participants, was analyzed using Intent-To-Treat (ITT) Repeated-Measures Analysis of Variance (RM-ANOVA) models, with last-observation-carried forward. This type of analysis allows incorporating data from the 79 participants, even if not all of them have finished the entire protocol study. Time (baseline, 20 hours, and 40 hours) was the within-subject factor and training type was the between-subject factor. Secondary outcomes, which included the individual cognitive domains, clinical measurements and quality of life, were also analyzed using RM-ANOVA. Normality and homogeneity of data distributions were tested using the Shapiro-Wilk and Levine tests. We calculated participants' neuropsychological tests z-scores using the formula (x -)/ where x is the measure of interest, the mean and the standard deviation of the normative data of healthy participants available in the CANTAB and MCCB repository. Z-score change -or delta z-score -was also used where we wanted to show the difference between the final and initial z-scores (Delta z-score = Z-score after 40 hours of training -z-score at baseline). T-tests, Chi squared test and Mann-Whitney U test were used to assess differences in socio-demographic and cognitive data at baseline. Post hoc correlations were applied for statistically significant results from the main and secondary outcome measures' change scores (post 40 hours minus baseline).

  Thus, 79 schizophrenia subjects performed the first assessment and were randomized to either training program: 40 to the auditory training and 39 to the visual training. Fifty-three participants finished the training (Figure S2). Participants were predominantly male, had an average of 42 years of age, 12 years of education and were chronically

  were no statistically significant differences in baseline cognition between the auditory training and the visual training groups. The Intent-To-Treat analysis on global cognition showed a significant group by time interaction: when compared to the auditory training group, participants who received the visual training showed significant improvements in global cognition from baseline to after 40

  computerized cognitive training can be applied effectively in the Brazilian population. We conclude that the visual training and the auditory training are differentially efficient at remediating cognitive deficits and symptoms of clinically stable schizophrenia subjects. A follow-up after twelve months of training is currently in progress to evaluate the long-term effects of the training in cognition and symptoms. Should the effects persist, we would contemplate implementing this type of intervention for patients with schizophrenia in our clinical facilities. and thank Ana Claudia Rangel and Andrea Fantinatti for the excellent technical support.

Figure 1 .

 1 Figure 1. Cognitive Performance with the Auditory and Visual training. A. Global cognition scores were significantly higher for patients who performed the visual training compared to the auditory training (p=0.04). B. Attention scores increased significantly over time for patients who performed the visual training and at trend levels for the auditory training (p=0.02 and p=0.06 respectively). C. Reasoning and problem-solving scores increased significantly over time for patients who performed both types of trainings (p=0.005 and p=0.00002 respectively). D. Social cognition scores increased at the limit of significance over time for patients who performed the auditory training (p=0.06). Error bars represent SEM. * p < 0.05, ** p < 0.01, *** p < 0.001.

Figure 2 .

 2 Figure 2. PANSS symptoms evolution with 40 hours of auditory or visual cognitive training in schizophrenia subjects. A. The overall effect of time was significant for PANSS total symptoms. Post hoc analyses showed that the visual training group (but not the auditory group) improved significantly over time for PANSS total symptoms (p<0.001). B. The overall effect of time was significant for PANSS positive symptoms. Post hoc analyses showed that the visual training group (but not the auditory group) improved significantly over time for PANSS positive symptoms (p<0.001). C. The interaction between time and type of training was significant for PANSS negative symptoms (p<0.05). D. The overall effect of time was significant for PANSS general psychopathology. Post hoc analyses showed that the visual training group (but not the auditory group) improved significantly over time for general psychopathology (p<0.01).

Figure 3 .

 3 Figure 3. Association between PANSS symptoms and cognitive changes after 40 hours of auditory or visual cognitive training in schizophrenia subjects. A. Pearson correlation shows a significant association between global cognition and PANSS positive symptoms improvements for subjects who performed the visual training. B. Pearson correlation shows a significant association between attention and PANSS positive symptoms improvements for subjects who performed the visual training. C. Pearson correlation shows a significant association between attention and PANSS negative symptoms improvements for subjects who performed the visual training. D. Pearson correlation shows a significant association between attention and PANSS total symptoms improvements for subjects who performed the visual training.

Figure S1 .

 S1 Figure S1. Examples of three paired exercises training the cognitive domains of attention, working memory and social cognition. The exercises were specifically designed to train the targeted cognitive domains from a visual and auditory perceptual modality approach.

Figure S2 .

 S2 Figure S2. Flowchart of the study. Participants went through an initial screening to establish whether inclusion and exclusion criteria were applied. Seventy-nine of these participants were randomized to either the visual cognitive training or the auditory cognitive training. Fifty-three participants finished the training.
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	). Furthermore, there was

  ). The visual training group improved performance over time in two visual tests: the Stockings of Cambridge (that assessed reasoning and problem-solving), and the Rapid Visual Processing (that assessed attention) (TableS1). On the other hand, the auditory training

group improved performance in the visual Stockings of Cambridge test and in the auditory Digit Backward test (that assessed working memory) (Table

Table 1 .

 1 Baseline demographic and clinical information

					Differences
		All participants within inclusion criteria	Visual training group	Auditory training group	between visual and auditory training
		(n=79)	(n=39)	(n=40)	groups
					(p-value)
	Gender (men/women)	55/24	29/10	26/14	0.47
	Age (mean (SD ‡ ))	40 (12)	39 (12)	40 (12)	0.68
	IQ (mean (SD))	101 (13)	100 (14)	100 (13)	0.96
	Education (mean (SD))	12 (3)	12 (3)	12 (3)	0.69
	Diagnostic (schizophrenia/schizoaffective)	72/7	36/3	36/4	0.69
	Years of illness (mean (SD))	18 (11)	18 (11)	17 (10)	0.99
	PANSS † score (mean (SD))	59 (14)	59 (16)	59 (12)	0.85
	Antipsychotics generation (1 st /2 nd /multiple/none)	28/43/6/2	14/19/5/1	14/24/1/1	0.64
	Anticholinergic/benzodiazepine/ mood stabilizer/antidepressant	44/38/22/15	20/19/14/9	24/19/8/6	0.44
	Chlorpromazine equivalent (mean (SD))	508 (417)	549 (371)	454 (429)	0.34
	Anticholinergic equivalent	3 (5)	6 (4)	5 (5)	0.54
	(mean (SD))				
	Global progress in the exercises (mean t-scores (SD))	0.78 (0.70)	0.72 (0.59)	0.84 (0.85)	0.79
	†				

PANSS : Positive and Negative Syndrome Scale ; ‡ SD: Standard deviation

Table 1

 1 

Table 2 .

 2 Effect of visual and auditory cognitive training on global cognition and the seven cognitive domains defined by MATRICS in schizophrenia subjects.

			VISUAL TRAINING (n=39)		AUDITORY TRAINING (n=40)	ANOVA COMPARING THE 2 GROUPS
		Baseline (mean (SD))	20 hours (mean (SD))	40 Hours (mean (SD))	F ANOVA (time)	P-value	Effect size (Cohen's d*)	Baseline (mean (SD))	20 hours (mean (SD))	40 Hours (mean (SD))	F ANOVA (time)	P-value	Effect size (Cohen's d*)	F ANOVA (time)	P-value	Effect size (Cohen's d*)	F ANOVA (group)	P-value	Effect size (Cohen's d*)	F ANOVA (time x group)	p-value	Effect size (Cohen's d*)
	Global cognition	-0.75 (0.75)	-0.70 (0.69)	-0.52 (0.56)	6.02	0.004	0.80	-0.66 (0.83)	-0.58 (0.84)	-0.62 (0.86)	0.82	0.44	0.29	4.66	0.01	0.49	0.06	0.82	0.06	3.35	0.04	0.42
	Speed of processing	-1.31 (2.18)	-1.36 (1.65)	-1.18 (1.67)	0.34	0.72	0.20	-1.19 (2.06)	-1.21 (1.74)	-1.53 (2.25)	0.34	0.71	0.20	0.03	0.97	0.04	0.01	0.94	0.02	0.66	0.52	0.20
	Attention	-1.35 (1.44)	-1.03 (1.21)	-0.88 (1.20)	3.97	0.02	0.70	-1.26 (1.31)	-1.16 (1.21)	-0.94 (1.21)	2.96	0.06	0.63	6.80	0.002	0.65	0.01	0.93	0.02	0.21	0.81	0.11
	Working memory	-0.30 (0.87)	-0.33 (0.99)	-0.24 (0.93)	1.63	0.20	0.46	-0.12 (1.19)	-0.05 (1.07)	-0.24 (0.96)	1.28	0.29	0.41	0.04	0.97	0.06	0.34	0.56	0.04	2.87	0.06	0.41
	Verbal memory & learning	-0.21 (1.16)	-0.22 (1.08)	-0.21 (0.94)	0.25	0.78	0.20	-0.05 (1.05)	-0.08 (1.15)	-0.06 (1.12)	0.43	0.66	0.20	0.05	0.95	0.41	0.57	0.46	0.19	0.60	0.55	0.20
	Visual memory & learning	-1.70 (1.49)	-1.47 (1.53)	-1.25 (1.32)	2.89	0.06	0.59	-1.32 (1.47)	-0.99 (1.34)	-1.30 (1.78)	1.14	0.33	0.41	2.44	0.09	0.41	0.96	0.33	0.29	1.41	0.25	0.29
	Reasoning & problem solving	-0.17 (0.73)	0.08 (0.46)	0.18 (0.44)	5.75	0.005	0.84	0.02 (0.58)	0.11 (0.50)	0.29 (0.47)	12.74	0.00002	1.28	15.11	1.10 -6	0.97	2.49	0.12	0.41	0.66	0.52	0.20
	Social cognition	-0.26 (0.64)	N/A	-0.05 (0.71)	0.62	0.44	0.29	-0.38 (0.73)	N/A	-0.23 (0.71)	3.72	0.06	0.67	3.54	0.07	0.51	0.08	0.78	0.06	0.64	0.43	0.20

Means represent z-scores. Bold represents statistically significant results (p < 0.05). Italic represents trends for statistical significance (0.05 < p < 0.1). * Cohen's d converted from Eta 2 .
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