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ARTICLE INFO ABSTRACT

Background: Cognitive impairments are related to deficits in primary auditory and visual sensory processes in
schizophrenia. These impairments can be remediated by neuroscience-informed computerized cognitive train-
ings that target auditory and visual processes. However, it is not clear which modality results in greater improve-
ments in cognition, symptoms and quality of life. We aimed to investigate the impact of training auditory versus
visual cognitive processes in global cognition in patients with schizophrenia.

Methods: Seventy-nine schizophrenia participants were randomly assigned to either 40 h of auditory or visual
computerized training. Auditory and visual exercises were chosen to be dynamically equivalent and difficulties
increased progressively during the training. We evaluated cognition, symptoms and quality of life before, after
20 h, and after 40 h of training. ClinicalTrials.gov (1R03TW009002-01).

Results: Participants who received the visual training showed significant improvements in global cognition com-
pared to the auditory training group. The visual training significantly improved attention and reasoning and
problem-solving, while the auditory training improved reasoning and problem-solving only. Schizophrenia
symptoms improved after training in both groups, whereas quality of life remained unchanged. Interestingly,
there was a significant and positive correlation between improvements in attention and symptoms in the visual
training group.

Conclusions: We conclude that the visual training and the auditory training are differentially efficient at
remediating cognitive deficits and symptoms of clinically stable schizophrenia patients. Ongoing follow-up of
participants will evaluate the durability of training effects on cognition and symptoms, as well as the potential
impact on quality of life over time.
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1. Introduction schizophrenia have been shown in the domains of attention, memory,

executive functions, and social cognition (Bilder et al., 2002; Hutton

Schizophrenia is a complex and highly incapacitating mental disor-
der that has the highest disability weight, according to the Global Bur-
den of Disease (Salomon et al., 2012). This has a significant impact on
affected individuals and their families, resulting in important societal
and economic costs (Knapp et al., 2005). Schizophrenia is often charac-
terized by cognitive impairments that are important predictors of poor
quality of life, occupational and social functioning (Green, 2006;
McGurk and Meltzer, 2000; Ritsner, 2007). Cognitive impairments in
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et al., 1998; Szoke et al., 2008), and are associated with brain structural
abnormalities (Crespo-Facorro et al.,, 2007).

Over the last decades it has been proposed that abnormalities in pri-
mary sensory brain regions in schizophrenia induce dysfunctions in
basic visual and auditory processes, which may contribute to impair-
ments in higher-order functions (Javitt, 2009). Deficits in the auditory
system are apparent in basic sensory processing, such as tone encoding
and detection of pitch deviation (Javitt et al., 1993, 1997; March et al.,
1999). Deficits in the visual system are evident in smooth eye move-
ments, motion detection, and contrast sensitivity (Butler et al., 2008;
O'Donnell et al., 1996). Importantly, deficits in basic processing are asso-
ciated with impairments in higher-order processes such as phonological
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processing, auditory emotion recognition, recognition of objects and fa-
cial expressions (Javitt, 2009), which may ultimately contribute to poor
social outcomes (Arnott et al., 2011; Dale et al., 2010; Javitt, 2009;
Kantrowitz et al., 2015; Koro et al., 2002; Martinez et al., 2015;
Morrison et al., 1988; Revheim et al., 2006; Tek et al., 2002).

Over the past decade, Dr. Vinogradov's group and others have shown
that neuroscience-informed cognitive training targeting auditory pro-
cesses improves global cognition, speed of processing, verbal learning
and memory, as well as reasoning and problem-solving in early onset
and chronic schizophrenia subjects (Fisher et al., 2009). Importantly,
participants who were able to make the most progress through basic au-
ditory training exercises also showed the most improvement in higher-
level cognitive outcome measures (Adcock et al., 2009; Biagianti et al.,
2016). The brain of trained schizophrenia participants recovered im-
paired sensory gating and oscillations in neural activity related to audi-
tory processing (Popov et al., 2011, 2015); and restored neural patterns
of response in a source monitoring task (Subramaniam et al., 2012). 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 (Subramaniam et al., 2014). Cognitive improve-
ments in schizophrenia were also associated with increases in serum
levels of pro-cognitive molecules such as BDNF (Vinogradov et al.,
2009) and p-serine (Panizzutti et al., 2009), as well as variations in the
cognition-related gene COMT (Panizzutti et al,, 2013).

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 per-
ceptual exercises were associated with gains in visual but not verbal
memory (Surti et al., 2011). Also, a specific training on motion percep-
tion improved impairments in the visual modality, but with no transfer
of effect to other cognitive measurements (Norton et al., 2011).

In 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 Schizo-
phrenia (MATRICS)-defined domains affected in schizophrenia: speed
of processing, attention, working memory, verbal learning, visual learn-
ing, 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 training - auditory or visual - has a larger
impact on global cognition in schizophrenia participants? 2) Are the
cognitive gains in participants who underwent auditory or visual cogni-
tive training associated with changes in symptoms and quality of life?

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 neuroscience-
informed 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.

2. Methods
2.1. 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 De-
cember 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 schizo-
phrenia 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 dur-
ing the study and had no change in dosage >10%. At study entry, partici-
pants received an evaluation to determine eligibility that included the
WAIS-1V Information and Matrix Reasoning IQ test (Wechsler, 2008),
the Mini International Neuropsychiatry Interview Plus diagnostic inter-
view (Sheehan et al,, 1998) and the Simpson-Angus Scale (Simpson
and Angus, 1970) for extrapyramidal symptoms. The Positive and Nega-
tive Syndrome Scale (PANSS) (Kay and Fiszbein, 1987), the Hamilton De-
pression and Anxiety rating scales and the World Health Organization
Quality Of Life (WHO, 1998) questionnaires were administered at base-
line and after 40 h of training. Participants were excluded if they were il-
literate or had any history of another psychiatric diagnosis, intellectual
disability or brain damage. We also excluded participants with extrapyra-
midal symptom scores above 19, IQ below 80 or any serious visual or au-
ditory impairment that precluded their participation in the study.

The authors assert that all procedures contributing to this work com-
ply with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declara-
tion of 1975, as revised in 2008. All procedures involving patients were
approved by the Brazilian National Committee of Ethics in Research
(12990013.0.0000,5263) and pre-registered at ClinicalTrials.gov
(1RO3TW009002-01).

2.2. Study design

This study used a randomized, double-blind, parallel design, where
participants performed 40 h of auditory or visual cognitive training. Par-
ticipants were randomized to either the auditory or the visual cognitive
training using a hierarchical stratification by gender, age, 1Q, years of ed-
ucation, 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 assign-
ment. Participants completed cognitive assessments at baseline and
after 20 and 40 h of training. All the assessments took place in our re-
search 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 h per day, at least 3 days a week, which enabled
the training to last between 2 and 4 months. The research team moni-
tored training compliance weekly using the electronic records available
online at the training platform.

2.3. Cognitive assessments

We assessed the seven cognitive domains defined by the Measure-
ment and Treatment Research to Improve Cognition in Schizophrenia
(MATRICS), using the MATRICS Consensus Cognitive Battery recom-
mended tests (MCCB) available in Portuguese and the Cambridge Neu-
ropsychological 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 Mem-
ory (SWM) to assess working memory; the MCCB Hopkins Verbal
Learning Task (HVLT) to assess verbal learning; the MCCB Brief Visuo-
spatial 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 Intelligence
Test - Managing emotions (MSCEIT) to assess social cognition. A de-
tailed explanation of these tests and their outcome measures can be
found in previous literature (Massardo et al., 2015; Scoriels et al.,
2012). We used parallel versions of the tests that were sensitive to
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practice effects (i.e. HVLT, and BVMT) at 20 and 40 h of training. Global
cognition was calculated from the z-scores of speed of processing, atten-
tion, working memory, verbal learning, visual learning, reasoning and
problem-solving, and social cognition.

2.4. Cognitive training exercises

We designed the auditory and visual computerized cognitive train-
ings by selecting pairs of auditory and visual exercises from Posit Sci-
ence, 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.
See Fig. S1 from the supplementary material for details. In both train-
ings, participants were driven to make progressively more accurate dis-
tinctions about the spectrotemporal fine structure of auditory or visual
stimuli under conditions of increasing attention, memory and difficulty
load (Fisher et al.,, 2009). Task difficulty increased systematically as per-
formance 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 embellish-
ments and the accumulation of stars. To monitor the magnitude of prog-
ress in the training exercises, we evaluated subjects improvement in
performance for each individual exercise using T-scores.

2.5. Planned analyses

The main outcome, i.e. the differential effect of the auditory and vi-
sual trainings on global cognition in schizophrenia participants, was an-
alyzed 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 h, and 40 h) was the within-subject factor and training
type was the between-subject factor. Secondary outcomes, which in-
cluded the individual cognitive domains, clinical measurements and
quality of life, were also analyzed using RM-ANOVA. Normality and ho-
mogeneity of data distributions were tested using the Shapiro-Wilk and
Levine tests. We calculated participants' neuropsychological tests z-
scores using the formula (x - p)/o where x is the measure of interest,
p the mean and o 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 h of training - z-score at baseline). t-tests,
Chi squared test and Mann-Whitney U test were used to assess

Table 1
Baseline demographic and clinical information.

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 h
minus baseline). We applied Bonferroni corrections for data with multi-
ple dependent variables. Data were analyzed using SPSS.

3. Results
3.1. Participants

Two hundred and two subjects were screened and 123 (61%) were
excluded because of ineligibility or lack of interest in the study. Thus,
79 schizophrenia subjects performed the first assessment and were ran-
domized to either training program: 40 to the auditory training and 39
to the visual training. Fifty-three participants finished the training
(Fig. S2). Participants were predominantly male, had an average of
42 years of age, 12 years of education and were chronically 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 exer-
cises on the internet. The training site did not affect the cognitive or
the clinical outcomes when used as a covariate. The magnitudes of prog-
ress in the cognitive training exercises were similar between the audi-
tory and the visual training groups.

3.2. Cognitive outcomes

There were no statistically significant differences in baseline cogni-
tion 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 h of training
(F(772)=3.35,p = .04,d = 0.42; Table 2). Furthermore, there was a sig-
nificant main effect of time on global cognition (F(772) = 4.66, p = .01,
d = 0.49). Post hoc one-way RM-ANOVA for the two groups separately
revealed significant improvement over time in global cognition in the
visual training (F372) = 6.02, p = .004, d = 0.80), but not in the audi-
tory training group (Fig. 1A and Table 2).

The analysis of individual cognitive domains, controlling for multiple
comparisons, revealed a main effect of time for attention (F(722) = 6.80,
p = .002, d = 0.65), and reasoning and problem-solving (F(732) =
15.11, p = .000001, d = 0.97), with no significant group by time inter-
actions (Fig. 1B, 1C and Table 2). Post hoc one-way RM-ANOVA analysis,
also controlling for multiple comparisons, revealed a significant effect of
time on reasoning and problem-solving in the visual and auditory

All participants within

Visual training group

Auditory training group Differences between visual and

inclusion criteria (n = 39) (n = 40) auditory training groups
(n=179) (p-value)
Gender (men/women) 55/24 29/10 26/14 0.47
Age (mean (SDP)) 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 (1st/2nd /multiple/none) 28/43/6/2 14/19/5/1 14/24/11 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 (mean (SD)) 3(5) 6 (4) 5(5) 0.54
Global progress in the exercises (mean t-scores (SD)) 0.78 (0.70) 0.72 (0.59) 0.84 (0.85) 0.79

2 PANSS: Positive and Negative Syndrome Scale.
¥ SD: Standard deviation.
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Fig. 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 = .04). B. Attention scores increased significantly over time for patients who performed the visual training and at trend levels for the auditory training (p = .02 and
p = .06 respectively). C. Reasoning and problem-solving scores increased significantly over time for patients who performed both types of trainings (p = .005 and p = .00002
respectively). D. Social cognition scores increased at the limit of significance over time for patients who performed the auditory training (p = .06). Error bars represent SEM. * p < .05,

*p<.01,"* p<.001.

plays a predominant role over audition, and we are generally more
prone to attend to visual stimuli over auditory stimuli (Godfroy-
Cooper et al., 2015). The Mc Gurk effect is a great demonstration that
the visual system takes over the auditory system, when conflicting in-
formation is observed between the two perceptual modalities
(McGurk and Macdonald, 1976). Our results also suggested that the per-
ceptive 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 h of auditory exercises of neuroscience-
informed cognitive training improved verbal learning and memory
and cognitive control in schizophrenia subjects that lasted 6 months be-
yond the intervention (Fisher et al., 2010). 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
(Fisher et al., 2015, 2009). These studies have shown that cognition is

more impaired in the chronic phases than the early phases of schizo-
phrenia, and that auditory training is more efficient in the chronic
phases (Fisher et al., 2016) versus the early phases of schizophrenia
(Fisher et al., 2015) 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 cog-
nition, and improvement in reasoning and problem solving only. This
pattern of results indicates that less impairment at baseline leads to im-
provement 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 (Murthy et al., 2012). The results on cognitive out-
comes were also mixed, and could be the result of the studied popula-
tion, 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 lit-
erature has shown that impairments in attention are associated with
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(p<.01).

both negative and positive symptoms of schizophrenia (Berman et al.,
1997; Mazza et al., 2013; Sanz et al., 2012) and the correlation found
in our study suggests a pathway between the improvements in atten-
tion and the decrease in the clinical symptoms of schizophrenia. This
hypothesis is supported by data from a meta-analysis that found that
cognitive remediation is often related to small to moderate beneficial ef-
fects in symptoms (Cella et al., 2017). 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 im-
probable (unpublished data). A study by Pietrzak and colleagues also
shows stable cognitive impairments in schizophrenia subjects when
assessed within weeks or months (Pietrzak et al., 2009). Further, when-
ever 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
computerized cognitive training can be applied effectively in the
Brazilian population. We conclude that the visual training and the audi-
tory 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 in-
tervention for patients with schizophrenia in our clinical facilities.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2020.05.017.
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