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Abstract
We investigated whether improved early visual processing on cognitive remediation (CR)
exercises generalizes to visual and auditory learning and information manipulation in
schizophrenia. Fourteen participants received neuropsychological testing before and after CR
consisting of visual, auditory and cognitive control training. Achievement on visual training
exercises was strongly and significantly correlated with improved visual learning, but not
improved verbal learning or increased ability to manipulate visual information. Improvement in
training, not training time, predicted cognitive gain. Implications for improving cognitive
outcomes from CR include ensuring the trained task is learned and providing exercises of multiple
modalities.
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1. Introduction
Multiple types of cognitive remediation (CR) improve many cognitive deficits in
schizophrenia (McGurk et al., 2007; Wykes et al., 2011). It is not clear, however, whether
specific features of CR programs are related to improvement in different cognitive domains.
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This issue is particularly relevant for visual learning and memory deficits, which
consistently show less favorable outcomes than auditory verbal memory outcomes, even
with computer-based CR (CCR) targeting the visual modality (Grynszpan et al., 2011).

One approach to determine the specificity of targeted CR is to analyze the relationship
between achievement on individual components of CR training and improvement in
different cognitive domains. This strategy has been informative in prior studies. Progress on
specific aspects of visual attention training exercises predicted which patients improved on
external measures of attention (Bell et al., 2009). Training of basic auditory processing
correlated with improvements on auditory verbal learning and memory tasks and not visual
learning tasks (Adcock et al., 2009; Fisher et al., 2009), suggesting that a ‘bottom-up’
training strategy, where early sensory processing is targeted with CCR, improves some but
not other aspects of higher cognitive function (Adcock et al., 2009) and may be modality
specific. A study in healthy elderly subjects showed a similar association in the visual
modality: improvement on a trained visual perception discrimination task predicted
improvement in a non-trained visual working memory task (Berry et al., 2010).

Given the limited generalization of CCR to visual memory to date, we examined the
relationship between training measures captured from CCR and visual memory outcomes.
We also studied the relationship of visual training measures to auditory verbal memory
outcomes to evaluate cross-modality generalization. We hypothesized that improvement in
visual task performance would correlate with improvement in pre-post measures of visual
learning and visual memory but not with measures of auditory verbal learning or memory.

2. Experimental/Materials and Methods
2.1 Participants and Assessments

The Yale Human Investigation Committee approved all procedures. Fourteen adult
outpatients with schizophrenia or schizoaffective disorder in an on-going randomized
controlled trial of combining CCR with vocational rehabilitation at a community mental
health center were included in this post-hoc analysis on the basis of completing at least 5
hours of visual CCR, with average visual training of 27.5 hours and standard deviation of
15.4 hours. All were clinically stable (no psychiatric medication changes, psychiatric
hospitalizations, or changes in housing in the last month) and without history of head
trauma, epilepsy, developmental delay, or substance abuse for 60 days. Demographic and
psychiatric medication data are shown in Tables 1 and 2. Chlorpromazine equivalent doses
were calculated using ratios from Woods (Woods, 2003).

All subjects enrolled in a supported employment program for 12 months, including
assignment to vocational specialists and weekly feedback groups about employment.
Participants in the present analysis participated in up to 12 months of CCR, consisting of
auditory (Brain Fitness Program), visual (Insight) and cognitive control exercises (Aristotle)
developed by Posit Science. Once participants completed CCR, stopped participating in
CCR or had participated for 1 year, they had follow-up assessments. For 12 of the 14
participants, auditory training was completed before visual CCR was begun. One participant
did not do auditory CCR, and another began and completed auditory CCR while doing
visual training. Participants were compensated $5 for each hour of CCR up to 10 hours per
week and $50 for assessments before and after CCR.

Trained psychometricians administered the Positive and Negative Symptom Scale (PANSS)
(Kay et al., 1989) and MATRICS Consensus Cognitive battery (Nuechterlein et al., 2008)
before CCR and within 2 months of ending visual CCR. Two visual memory sub-tasks from
the MATRICS battery, Brief Visual-Spatial Memory Test (BVMT) and Spatial Span, and
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analogous auditory verbal memory tasks, Hopkins Verbal Learning Test (HVLT) and Letter-
Number Sequencing (LNS) were used for this analysis.

2.2 CCR and Performance Measures
The auditory exercises have been described previously (Fisher et al., 2009; Popov et al.,
2011), and the cognitive control exercises were designed to improve executive function.

The visual program has four exercises. Three exercises (EX1, EX2, EX3) present two visual
stimuli with a delay in between them, and require the user to identify characteristics of the
stimuli. For EX1–3, the difficulty is adjusted to the user’s ability by adaptively tracking the
duration of the two stimuli and the interstimulus delay to maintain 80% accuracy. As the
user develops mastery on one set of stimuli for any given exercise, the stimulus
configuration (SC) becomes more difficult by changing the nature of the stimuli and the
background. EX1 presents two pairs of visual sweeps, which are two pairs of moving Gabor
patterns in succession, and asks users to identify the directions of the sweeps’ movements,
as previously described (Berry et al., 2010). SCs increase in difficulty by increasing the
stimuli’s spatial frequency. EX2 presents the user with a target, a single bird. After a delay,
the same bird must be located within a group of birds. The SCs become more challenging
with more complex backgrounds and more similarity between the target bird and the others.
In EX3, the user must focus on a central point to determine which of two possible vehicles
are presented while simultaneously identifying the location of a road sign in the periphery.
Difficult SCs have more distracters and greater peripheral demand. The fourth exercise
(EX4) hides jewels behind objects. The objects move, and the user must recall which objects
had jewels hidden behind them. The number of hidden jewels is adaptively tracked to
maintain 80% accuracy. In EX4, later SCs have more background distracters, greater speed
and duration of movement and decreased contrast between the moving objects and the
background. For all exercises, a user who is training efficiently would be expected to
complete more of an exercise’s content, as measured by SCs, than one who is struggling to
attain mastery of the training material. Thus, users’ progression though SCs is a measure of
achievement in the training exercise.

2.3 Statistical Analysis
To test the hypothesis that visual training achievement predicted improvement in visual
memory and not verbal memory, Pearson correlations were performed between maximum
SC reached in each of the four exercises and the change in scaled score on the four
neuropsychological assessments, and relevant differences among the resulting correlations
were evaluated using the Fisher r-to-z transformation. Additional correlations were
calculated to determine whether training time independent of SC explained variance in
outcomes.

3. Results
The baseline assessments are summarized in Table 1, and demonstrate the participants were
symptomatic and cognitively impaired. SC for all four exercises strongly correlated with
improvement in BVMT, but not with improvement in any of the other three
neuropsychological outcomes (Figure 1 and Table 3). The correlations of SC on EX1 and
EX2 with BVMT outcome were statistically significantly higher than correlations of EX1
and EX2 SC with outcome on HVLT. Training time was highly correlated with SC on each
exercise, but not with change on BVMT (Table 4).
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4. Discussion
As hypothesized, achievement in visual training strongly and specifically predicts visual
memory improvement. Improved basic visual processing does not appear to generalize to all
memory tasks: it does not predict improvement on visual working memory tasks requiring
significant manipulation of the presented information (such as Spatial Span) or auditory
verbal learning and memory. While training time on visual processing exercises is
associated with improvement on the exercises themselves, training time is only weakly and
in this sample non-significantly associated with improvement in visual memory outcome
measures. Gaining mastery of the content is more robustly associated with cognitive
improvement than is the amount of time training.

This analysis helps explain the limited overall benefits of CCR on visual learning outcomes
seen in this study (Figure 1a–d) and others (Grynszpan et al., 2011; McGurk et al., 2007;
Wykes et al., 2011); participants who do not improve on the trained exercises are unlikely to
improve on cognitive outcomes.

The present analysis was post-hoc with a small sample size and subjects received CCR
consisting of visual, auditory and cognitive control exercises, so we cannot exclude the
possibility that the auditory or cognitive training improved BVMT scores. The limited effect
of CR on visual memory reported by Grynszpan et al and the strong correlations we found
between visual training measures and BVMT suggest the visual training was responsible for
the improvement on visual learning. As Berry et al found for healthy elderly subjects, in
schizophrenia patients improved visual perception predicts improved visual memory.

This analysis has implications for improving CCR. Exercises improving basic visual
processing do improve visual memory, and should be done, but outcomes involving
manipulation of visual information may require different training. Progress should be
evaluated during training to troubleshoot lack of training on trained exercise, as without
improvement on the trained task, generalization to other tasks is unlikely to occur. Cross-
modal training benefits may be limited in patients with schizophrenia.
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Figure 1. Relationship of Achievement in Visual Training to Visual and Verbal Learning
Neuropsychological Outcomes
Change in BVMT (closed circles), not HVLT (open circles), performance with training is
correlated with the amount of visual training content completed in each of the four visual
exercises. Regression lines are solid for BVMT and dashed for HVLT.
Abbreviations: BVMT = Brief Visual Memory Test; HVLT = Hopkins Verbal Learning
Test; SC = stimulus configuration
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Table 1

Participant Demographics, Symptom Scales and Cognitive Measures at Baseline

Variable Mean SD Range

Age (years) 47.5 10.8 25–62

Education (years) 13.6 3.5 11–25

Gender 8 Male 6 Female

Race 7 Caucasian 7 African American

Global Assessment of Function 41.2 4.7 35–50

PANSS Total 61.4 13.9 34–79

Chlorpromazine Equivalents 353.5 212.6 50–600

HVLT scaled score 38.0 8.0 29–57

BVMT scaled score 43.4 12.3 25–66

LNS scaled score 7.7 3.1 2–12

SS scaled score 45.1 10.0 27–59
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Table 2

Participants’ Intake Psychiatric Medications

Medication or Medication Class Number of Participants (14 total)

   Atypical Antipsychotics 14

      Aripiprazole 2

      Clozapine 3

      Olanzapine 5

      Risperidone 3

      Quetiapine 2

      Ziprasidone 1

   Typical Antipsychotics 0

   Mood Stabilizers 2

   Selective Serotonin Reuptake Inhibitors 2

   Benzodiazepines 1

   Anti-Parkinsonian Agents 3

Schizophr Res. Author manuscript; available in PMC 2012 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Surti et al. Page 9

Ta
bl

e 
3

Pe
ar

so
n 

C
or

re
la

tio
ns

 o
f B

es
t P

er
fo

rm
an

ce
s i

n 
V

is
ua

l E
xe

rc
is

es
 a

nd
 C

ha
ng

e 
in

 N
eu

ro
ps

yc
ho

lo
gy

 A
ss

es
sm

en
t S

co
re

s, 
B

rie
f V

is
ua

l S
pa

tia
l M

em
or

y 
Te

st
(B

V
M

T)
, H

op
ki

ns
 V

er
ba

l L
ea

rn
in

g 
Te

st
 (H

V
LT

), 
Sp

at
ia

l S
pa

n 
ta

sk
 (S

S)
 a

nd
 L

et
te

r N
um

be
r S

eq
ue

nc
in

g 
(L

N
S)

 w
ith

 T
ra

in
in

g

E
xe

rc
is

e
B

V
M

T
, r

(p
)

H
V

L
T

, r
(p

)
z-

sc
or

e
(B

V
M

T
 &

H
V

L
T

)

P
(B

V
M

T
 &

H
V

L
T

)

SS
, r

(p
)

L
N

S,
 r

(p
)

z-
sc

or
e

(S
S 

&
L

N
S)

P
(S

S 
&

L
N

S)

EX
1

0.
73

9b
−
0.
10
0

−
2.
46

a
0.

01
4a

0.
12

4
−
0.
14
7

−
0.
64

0.
52

2

(0
.0

03
)

(0
.7

33
)

(0
.6

72
)

(0
.6

17
)

EX
2

0.
67

3b
−
0.
10
4

−
2.
16

a
0.

03
1a

0.
09

3
−
0.
16
7

−
0.
61

0.
54

2

(0
.0

08
)

(0
.7

23
)

(0
.7

51
)

(0
.5

69
)

EX
3

0.
67

7b
−
0.
12
5

−
2.
23

a
0.

02
8a

0.
07

4
−
0.
22
0

−
0.
70

0.
48

4

(0
.0

08
)

(0
.6

70
)

(0
.8

01
)

(0
.4

49
)

EX
4

0.
64

6a
−
0.
05
3

−
1.
93

0.
05

4
0.

07
1

−
0.
18
8

−
0.
61

0.
54

2

(0
.0

13
)

(0
.8

58
)

(0
.8

10
)

(0
.5

19
)

a p 
(tw

o-
ta

ile
d)

 <
 0

.0
5

b p 
(tw

o-
ta

ile
d)

 <
 0

.0
1

Schizophr Res. Author manuscript; available in PMC 2012 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Surti et al. Page 10

Ta
bl

e 
4

R
el

at
io

ns
hi

p 
of

 T
ra

in
in

g 
Ti

m
e 

w
ith

 A
ch

ie
ve

m
en

t i
n 

Tr
ai

ni
ng

 a
nd

 w
ith

 Im
pr

ov
em

en
t i

n 
V

is
ua

l M
em

or
y 

O
ut

co
m

e 
in

 th
e 

B
rie

f V
is

ua
l M

em
or

y 
Te

st
(B

V
M

T)

E
xe

rc
is

e
T

ra
in

in
g

T
im

e

E
X

1 
SC

(p
)

E
X

2 
SC

(p
)

E
X

3 
SC

(p
)

E
X

4 
SC

(p
)

C
ha

ng
e 

in
B

V
M

T
(p

)

EX
1

0.
65

8a
0.

66
5b

0.
58

1b
0.

69
4b

0.
30

5

(0
.0

10
)

(0
.0

09
)

(0
.0

29
)

(0
.0

06
)

(0
.2

88
)

EX
2

0.
83

6c
0.

84
4c

0.
79

0c
0.

87
0c

0.
50

0

(0
.0

00
)

(0
.0

00
)

(0
.0

01
)

(0
.0

00
)

(0
.0

68
)

EX
3

0.
75

6b
0.

77
5b

0.
70

8b
0.

79
8b

0.
29

9

(0
.0

02
)

(0
.0

01
)

(0
.0

05
)

(0
.0

01
)

(0
.2

99
)

EX
4

0.
87

3c
0.

88
7c

0.
84

7c
0.

91
2c

0.
45

3

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.1

04
)

a p 
< 

0.
05

b p 
< 

0.
01

c p 
< 

0.
00

1

Schizophr Res. Author manuscript; available in PMC 2012 November 1.


