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Abstract
Efforts to identify differential or core cognitive deficits in schizophrenia have been made for several
decades, with limited success. Part of the difficulty in establishing a cognitive profile in schizophrenia
is the considerable inter-patient heterogeneity in the level of cognitive impairment associated with
this condition. Thus, it may be useful to examine the presence of relative cognitive weaknesses on
an intra-patient level. In the present study we examined the rates of significant intra-person
differences between crystallized verbal ability versus five other cognitive abilities among 127 persons
with schizophrenia or schizoaffective disorder and 127 demographically matched normal comparison
(NC) subjects. We found that the rates of significant discrepancies above the NC group base-rates
was significantly greater in reference to those discrepancies involving visual memory relative to
those associated with auditory memory, working memory, processing speed, and perceptual
organization. The findings conflict with prior suggestions that working memory or auditory episodic
memory are differential or core deficits in schizophrenia, and highlight the importance of considering
visual memory in characterizing the cognitive effects of this condition.

Address correspondence to: Barton W. Palmer, Ph.D., Professor of Psychiatry, Division of Geriatric Psychiatry 116A-1, University of
California, San Diego, Veterans Affairs San Diego Healthcare System, 3350 La Jolla Village Drive, San Diego, CA 92161,
bpalmer@ucsd.edu, Telephone: 858-552-8585 Ext. 2911, Fax: 858-642-3425.
Conflict of Interest. All of the authors declare that they have no conflicts of interest.
Contributors
Dr. Palmer designed the study, planned the analyses, conducted some of the literature searches and review, and some of the data analyses,
interpreted the findings, and prepared the first draft of the manuscript for publication.
Dr. Savla conducted some of the literature searches, assisted in creation of the data base, and initial data analyses, as well as assisting in
the data interpretation and manuscript preparation. Mr. Fellows was actively involved in planning and conducting the data analysis,
interpretation of findings, and writing the analysis sections of the methods section of the manuscript.
Dr. Twamley was involved in data interpretation and manuscript preparation and revision.
Dr. Jeste was involved in data interpretation and manuscript preparation and revision.
Dr. Lacro was Principal Investigator of the primary parent study through which the patient data was collected, designed the cognitive
test battery with input from Dr. Palmer, and assisted in manuscript preparation/revision.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Schizophr Res. Author manuscript; available in PMC 2011 February 1.

Published in final edited form as:
Schizophr Res. 2010 February ; 116(2-3): 259. doi:10.1016/j.schres.2009.11.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
psychosis; neuropsychology; neurocognitive; heterogeneity; idiographic

1. INTRODUCTION
Much neuropsychological research on schizophrenia over the last three decades has been
motivated by the hope that discovery of specific neurocognitive profiles may elucidate the
underlying neuropathology of the disorder or foster development of effective rehabilitation
programs (Palmer, Dawes, & Heaton, 2009). The answer to one basic question remains unclear:
are there differential or “core” cognitive deficits in schizophrenia? A variety of cognitive
domains have been proposed as the “core” deficit in schizophrenia: attention (Barr, 2001;
Elvevag & Goldberg, 2000; Hilti et al., 2008), working memory (Elvevag & Goldberg, 2000;
Forbes et al., 2009; Goldman-Rakic, 1994; Lee & Park, 2005; Mitropoulou et al., 2005; Silver
et al., 2003), processing speed (Rodriguez-Sanchez et al., 2007), episodic memory (Aleman et
al., 1999; Gur et al., 2000; Palmer et al., 1997; Saykin et al., 1991; Whyte et al., 2005), and
executive function (Wobrock et al., 2008; Zec, 1995).

Meta-analyses indicate episodic memory tests have the largest or near largest effect sizes in
schizophrenia patients versus normal comparison (NC) subjects (Fioravanti et al., 2005;
Heinrichs & Zakzanis, 1998; Mesholam-Gately et al., 2009), supporting the century-long focus
on temporal/hippocampal and frontal–subcortical regions as prime suspects in the neurogenesis
of schizophrenia (Goldstein, 1939; Kraepelin, 1913). However, it is difficult to draw definitive
conclusions due to heterogeneity in effect sizes between studies (Fioravanti et al., 2005). Part
of the difficulty establishing differential cognitive impairment in schizophrenia rests in the
marked inter-patient heterogeneity in level and pattern of cognitive impairment. On average,
schizophrenia is associated with mild-to-moderate cognitive impairment, but 20–30% of
patients have normal range neurocognition (Palmer et al., 2009). Thus, it may be useful to
examine the presence of relative cognitive weaknesses on an intra-patient level.

The present study examined within-person cognitive differences among 127 patients with
schizophrenia and 127 NC subjects. Cognition was measured with the Index scores from the
6-factor model for Wechsler Adult Intelligence Scale – Third Edition (WAIS-III)/Wechsler
Memory Scale – Third Edition (WMS-III) (The Psychological Corporation [TPC], 1997;
Tulsky et al., 2003).

Crystallized knowledge is relatively unaffected by schizophrenia and many other
neurocognitive disorders (Allen et al., 1998; Dickinson & Coursey, 2002; Iverson et al.,
2006), and has the strongest correlation with Full Scale IQ (TPC, 1997), so the Verbal
Comprehension Index (VCI) was used as a marker of general cognitive ability. We
hypothesized that VCI scores would be higher than each of the other five cognitive abilities
for a significantly larger proportion of people with schizophrenia relative to the proportion
among NC subjects. Given the effect sizes for episodic memory in means comparisons
(Heinrichs & Zakzanis, 1998), and long-held suspicion of the frontal and temporal regions in
neurogenesis of schizophrenia (Palmer et al., 2009), as well as cogent models of working
memory as a core deficit underlying many facets of schizophrenia (Goldman-Rakic, 1994), we
hypothesized that discrepancies with VCI would be particularly common among schizophrenia
patients when evaluated in reference to episodic memory and working memory.
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2. METHODS
2.1 Participants

Participants included 127 persons with schizophrenia or schizoaffective disorder and 127 NC
subjects. Patient data were collected as part of baseline evaluations for a study of medication
adherence among middle-aged and older patients. NC data were derived from the WAIS-III/
WMS-III standardization sample.

Inclusion criteria for patients were: i) DSM-IV-TR diagnosis of schizophrenia or
schizoaffective disorder determined with the Structured Clinical Interview for the DSM-IV-
TR (First et al., 2002); ii) age > 40; iii) outpatient status; iv) current antipsychotic medication;
and v) written consent for participation. Exclusion criteria were known diagnosis of dementia,
or Mini Mental State Exam total ≤ 20 (Folstein, Folstein, & McHugh, 1975). Recruitment
sources included the University of California, San Diego, Veterans Affairs San Diego
Healthcare System outpatient psychiatry services, and San Diego area assisted living facilities
and physicians.

NC subjects were screened to exclude those with uncorrected sensory impairments and other
conditions that might affect cognitive functioning or test performance (TPC, 1997). NC data
were provided by the test publisher using one-to-one matching (as closely as possible) based
on age, education, sex, and ethnicity.

2.2 Measures
2.2.1 Demographics—Age, education, sex, and ethnicity were determined by self-report.

2.2.2 Clinical characteristics—Patients’ medications were determined via interview or
record review (10% received conventional neuroleptics, 69% second generation
antipsychotics, and 21% a combination; 51% were also on anticholinergic medication).
Patients’ severity of psychopathology was assessed with the Positive and Negative Syndrome
Scale (PANSS; Kay, Fiszbein, & Opler).

2.2.3 Neurocognitive assessment—Cognitive functioning was evaluated with the
WAIS-III/WMS-III battery 6-factor Index scores (Tulsky et al., 2003; Tulsky & Price, 2003),
including:

1. Verbal Comprehension (VCI): Vocabulary, Information, Similarities

2. Perceptual Organization (POI): Block Design, Picture Completion, Matrix Reasoning

3. Processing Speed (PSI): Digit Symbol, Symbol Search

4. Working Memory (WMI): Spatial Span, Letter Number Sequencing

5. Auditory Memory (AMI): Logical Memory I (immediate recall) and II (delayed
recall), Verbal Paired Associates I (immediate recall) and II (delayed recall)

6. Visual Memory (VMI): Family Pictures Recall I (immediate recall) and II (delayed
recall), Visual Reproductions I (immediate recall) and II (delayed recall).

Raw scores were converted to Index scores (normative mean = 100, SD = 15; higher scores
represent better performance) using the published norms (Tulsky et al., 2003; Wechsler,
1997a; b).
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2.3 Analyses
Demographic and Index scores among patients versus NC subjects were compared with t-tests
or Pearson Chi-square, as appropriate.

Cut-scores defining “significant” (p<.05) discrepancy between VCI and other Index scores
were calculated with the “simple difference” method (Wechsler, 1997a):

wherein z = 1.96; the Standard Error of Measurement (SEM) for each Index score was
determined from published norms for the overall standardization sample (TPC, 1997; Tulsky
et al., 2003). We tallied the proportion of subjects for whom the VCI was better than, worse
than, or not reliably different from the compared Index score.

We examined the degree of concordance in specific discrepancy score patterns within each
patient-NC matched pair. For each of the five discrepancy scores, within each subject, we
determined whether the comparator index score was significantly lower than his/her VCI. If
the result was the same in the patient and NC in a pair, that pair was assigned a score of 0. If
the comparison indicated VCI>comparator index score in the patient but not the NC subject,
that pair was assigned a score of +1. IfVCI>comparator in the NC subject but not the patient,
that pair was assigned a score of −1. The null hypothesis of no diagnostic effect (number of
+1s/[number +1s plus number −1s] = 50%) was evaluated with binomial tests. Friedman’s test
was used to determine whether the pattern of differential proportions of significant
discrepancies differed among the five types of discrepancy scores. Wilcoxon Signed Ranks
Test was used to identify which discrepancy scores types were associated with the largest
differences among patients versus NC subjects.

As Baddeley’s (2007) model of working memory includes separate channels for visual-spatial
versus auditory information, we also calculated the rates of significant discrepancies between
VCI and the WMI visual (Spatial Span) and auditory (Letter Number Sequencing) subtests.
Also, verbal processes may affect the Family Pictures subtest (Chapin, Busch, Naugle, & Najm,
2009; Dulay et al., 2002), so we conducted similar analyses using the immediate and delayed
recall scores from the VMI Family Pictures and Visual Reproductions subtests.

We also calculated Spearman’s rho correlations between the magnitude of the five primary
discrepancy scores with severity of symptoms (PANSS), chlorpromazine equivalent daily
antipsychotic dose (Jeste & Wyatt, 1982; Woods, 2003) and benztropine equivalent dose (de
Leon, Canuso, White, & Simpson, 1994). Significance was defined as p <.05, two-tailed, for
all tests.

3. RESULTS
3.1 Participant characteristics

Demographic characteristics, clinical ratings, and cognitive scores are summarized in Table 1.
Patients had mild levels of psychopathology. Patients had worse cognitive performance than
NC subjects all six Index scores (t-values > 7.70, p-values <. 001).

3.2 VCI-comparator Index discrepancies
Frequencies of significant differences between VCI and each of the five comparator Index
scores are illustrated in Figure 1 by diagnostic group. Among matched patient-NC pairs
discordant regarding whether VCI> comparator Index score, the member with
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VCI>comparator Index was significantly more likely to be from the patient group for each
discrepancy score type (exact binomial tests, all p-values <.015) (see Table 2). Significant
variance was present among the five discrepancy score types with regard to the magnitude of
these differences in proportion, X2 (4, N=118) = 28.30, p <.001. The highest discordance rates
were found for VCI>VMI, and the next widest discordance rates were those for VCI>PSI.
When the data involving the VMI were excluded, the overall difference between discrepancy
score types in the magnitude of these proportions was not statistically significant, X2 (3, N=120)
= 6.40, p = .094. When data for PSI were excluded, but those for VMI were retained, the overall
differences between discrepancy score types in the magnitude of these proportions remained
statistically significant (X2 (3, N=122) = 29.06, p <.001). The proportional differences
associated with the VMI were significantly greater than those associated with each of the other
discrepancy score types (all zs > 2.65, all ps <.007). The proportional differences associated
with PSI were significantly greater than those associated with WMI (z=2.24, p = .030), but no
other pairwise comparisons were statistically significant (all zs < 1.51, ps >.074)

3.3. Selected subtests
There were no significant diagnostic effects among patient-NC matched pairs discordant
regarding whether VCI > Spatial Span or Letter Number Sequencing (exact binomial tests,
Spatial Span p = .652 and Letter Number Sequencing p = .272) (see Table 3). On the other
hand, the proportional differences associated with the full WMI were significantly different
from those associated with Spatial Span (z = 3.40, p <.001), but not from those associated with
the Letter Number Sequencing (z = 1.29, p = .207). [In 70% of discordant pairs for WMI, it
was the patient member who evidenced VCI >WMI, whereas for Spatial Span only 45% of the
discordant pairs had the patient with VCI>Spatial Span.] Among pairs discordant with regard
to whether VCI>Visual Reproductions I or II, or Family Pictures I or II, the pair member
showing the lower subscale component was significantly more likely to be from the patient
group for three of the four VMI component scores (exact binomial tests, p-values <.001) (Table
3). The one exception to the latter pattern was VCI>Visual Reproductions II (delayed recall),
for which there were no significant diagnostic effects.

3.4. Association with symptoms and medications
There were no significant correlations between antipsychotic dose or anticholinergic dose and
the magnitude of the five cognitive discrepancy scores (absolute value of all rhos < .09, all p-
values > .485). Severity of negative symptoms was inversely correlated with the discrepancy
between VCI and POI (rho = −.244, p = .006), VCI and PSI (rho = −.211, p = . 021), and VCI
and WMI (rho = −.193, p = .032). In particular, more severe negative symptoms were associated
with smaller VCI-comparator discrepancies. It might be noted, however, that severity of
negative symptoms was also correlated with lower VCI scores (rho = −.349, p <.001), which
may explain the diminished magnitude of VCI-comparator discrepancies. There were no other
statistically significant correlations between severity of psychopathologic symptoms and the
magnitude of VCI-comparator discrepancies.

4. DISCUSSION
As hypothesized, crystallized knowledge was significantly higher than each of the other five
cognitive abilities for a larger proportion of people with schizophrenia than for NC subjects.
The hypotheses concerning episodic memory and working memory were only partially
confirmed; visual episodic memory was associated with higher rates of significant
discrepancies than other ability areas, but the rates associated with auditory episodic memory
and working memory were not significantly greater than those associated with other cognitive
domains. In fact, there was more within-person impairment in processing speed than in working
memory among persons with schizophrenia.
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Limitations of this study include restriction of the sample to middle-aged and older persons,
so the generalizability to persons under age 40 is not known. But, age and duration of illness
have no discernable effects on level or pattern of cognitive impairment in schizophrenia (Kurtz,
2005), so there is no reason to expect a different pattern with young adult patients. Also,
matching patients and NC subjects on education may obscure some schizophrenia-related
cognitive deficits (Kremen et al., 1996), but the reliability of differences (and therefore the size
of the confidence interval defining a significant difference) may also be affected by education.
Thus, if we had not used an education-matched NC sample, group comparisons of the frequency
of within-person differences in cognitive performance could have been distorted. Another
limitation is that our test battery lacked an executive function Index, so the possibility of
differential executive impairment was not examined. On the other hand, meta-analyses have
not found executive function tests to yield differentially large effect sizes in terms of patient
versus NC group mean comparisons (Dickinson, Ramsey, & Gold, 2007).

Although we hypothesized that schizophrenia patients would show particular impairment in
episodic memory and working memory, we did not anticipate this effect to be limited to visual
episodic memory alone. Meta-analyses indicate that, if anything, the effect sizes may be higher
for auditory versus visual memory tests (Aleman et al., 1999; Dickinson et al., 2007; Heinrichs
& Zakzanis, 1998; Mesholam-Gately et al., 2009). It is possible that the VMI was contaminated
by the verbal processes which may be involved in the Family Pictures subtest, but the diagnostic
effect was present for the immediate recall scores from both Visual Reproductions and Family
Pictures, as well as Family Pictures delayed recall. The lack of a significant effect for the
delayed recall Visual Reproductions task is difficult to interpret, as immediate and delayed
recall memory scores tend to be highly correlated in schizophrenia and other non-amnestic
populations (Aleman et al., 1999; Millis, Malina, Bowers, & Ricker, 1999; Price, Tulsky,
Millis, & Weiss, 2002). Skelley et al. (2008) found that schizophrenia patients had large effect
size decrements, relative to NC subjects, on visual as well as auditory memory tasks, but healthy
siblings of schizophrenia patients showed decrements only on the auditory memory tasks.
Disentangling factors associated with phenotypic expression of schizophrenia from the genetic
risk factors has obvious merit, so further investigation of visual memory deficits across the
premorbid, peri-onset, and chronic course of schizophrenia are warranted.

Despite the above limitations, some aspects of the present findings remain noteworthy.
Although diagnostic status of schizophrenia was associated with worse working memory, there
was no indication of a differential impairment in working memory relative to other cognitive
abilities. Moreover, the diagnostic effects on the visual and spatial working memory subtests
were non-robust, as the diagnostic effects were observed only when examined in terms of the
full WMI (not its component subtests.) After VMI, the ability showing the next strongest
diagnostic effects was processing speed. The latter is notable given Dickinson et al.’s (2007)
meta-analytic report that the mean effect sizes decrements of schizophrenia patients relative
to NC subjects on working memory tasks ranged from d = 0.61 to d = 1.18, whereas the effect
sizes for psychomotor/processing speed was d = 1.57. Indeed, we found that the diagnostic
effect for PSI was significantly higher than that for WMI. A given deficit may be more
fundamental or “core” without being noticeably differentially impaired (depending on its
position within a longer causal chain or sequence). However, if working memory (or any other
ability area) is to be viewed as a credible “core deficit,” it is necessary to develop testable
causal-chain models predicting the relationship of that deficit to other manifestations of the
disorder.

Given the largely negative findings regarding differential impairment, one may ask whether
the present analyses lacked statistical power to detect differential deficits. It is worth reiterating
that our use of discrepancy score analyses is intended as a complementary (rather than
inherently superior to a means comparisons) approach to the question of differential
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impairment, albeit one that parallels that frequently used in clinical test interpretation.
However, aside from the open question regarding specific impairment in visual memory, the
overall pattern is consistent with those using single common factor analyses reported by
Dickinson and colleagues (Dickinson, Iannone, Wilk, & Gold, 2004; Dickinson, Ragland,
Gold, & Gur, 2008).

Based on the findings from recent studies focused on mean comparisons (Dickinson et al.,
2007; Mesholam-Gately et al., 2009) including findings from our own group (Gladsjo et al.,
2004), a tenable alternative hypothesis would have been for differential within-patient
impairment in processing speed. However, we focused on episodic memory and working
memory because of the long-standing interest in frontal-temporal regions in the genesis of
schizophrenia (reviewed in Palmer et al., 2009). Working memory is also of special interest
because of Goldman-Rakic’s (1994) model relating working memory deficits to other features
of schizophrenia. Even if disproven, the latter model provides an exemplary illustration of the
type of process model, grounded in the clinical and neuroscience literature, needed to move
neurocognitive research in schizophrenia away from observational studies and toward model
building and testing. The present findings, in concert with those reported in reference to group
means comparisons, may provide impetus to develop process models of the nature and impact
of visual memory and processing speed deficits in schizophrenia (cf. Salthouse, 1996). Also,
the difficulty in identifying a meaningful neurocognitive pattern in schizophrenia reflects, in
part, the extremely heterogeneous nature of this disorder. Integration of the intra-person
examination of performance patterns as illustrated in the present study, together with cluster
analyses of those patterns (cf. Dawes et al., 2008), and in concert with studies based on other
measures of brain structure and function, may ultimately reveal more meaningful
neurobiological subtypes.
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Figure 1.

Palmer et al. Page 11

Schizophr Res. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Palmer et al. Page 12

Ta
bl

e 
1

C
om

pa
ris

on
 o

f d
em

og
ra

ph
ic

, c
lin

ic
al

, a
nd

 c
og

ni
tiv

e 
ch

ar
ac

te
ris

tic
s o

f h
ea

lth
y 

co
m

pa
ris

on
 su

bj
ec

ts
 v

er
su

s s
ch

iz
op

hr
en

ia
 p

at
ie

nt
s.

N
or

m
al

 C
om

pa
ri

so
n 

Su
bj

ec
ts

 (N
 =

 1
27

)
Sc

hi
zo

ph
re

ni
a 

(N
 =

 1
27

)
t o

r 
X2

df
p-

le
ve

l

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s

A
ge

 (y
ea

rs
)

52
.1

 (8
.5

)
52

.8
 (7

.1
)

0.
72

24
5.

0
.4

71

Ed
uc

at
io

n
5.

31
4

.2
57

 
≤ 

8 
ye

ar
s

5.
5%

4.
9%

 
9 

to
 1

1 
ye

ar
s

14
.2

%
22

.8
%

 
12

 y
ea

rs
42

.5
%

43
.9

%

 
13

 to
 1

5 
ye

ar
s

20
.5

%
18

.7
%

 
≥ 

16
 y

ea
rs

17
.3

%
9.

8%

G
en

de
r (

%
 m

en
)

57
.5

%
64

.6
%

1.
34

1
.2

47

Et
hn

ic
 B

ac
kg

ro
un

d
0.

19
2

.9
09

 
(n

on
-H

is
pa

ni
c)

 C
au

ca
si

an
81

.1
%

80
.3

%

 
A

fr
ic

an
 A

m
er

ic
an

11
.0

%
12

.6
%

 
O

th
er

7.
9%

7.
1%

C
lin

ic
al

 c
ha

ra
ct

er
is

tic
s

Ps
yc

hi
at

ric
 d

ia
gn

os
is

 
%

 S
ch

iz
op

hr
en

ia
n/

a
66

.2

 
%

 S
ch

iz
oa

ff
ec

tiv
e 

D
is

or
de

r
n/

a
33

.8

Se
ve

rit
y 

of
 p

sy
ch

op
at

ho
lo

gy
 (P

A
N

SS
 su

bs
ca

le
 sc

or
es

)

 
Po

si
tiv

e 
su

bs
ca

le
 to

ta
l

n/
a

14
.4

 (6
.0

)

 
N

eg
at

iv
e 

su
bs

ca
le

 to
ta

l
n/

a
13

.4
 (4

.7
)

 
G

en
er

al
 su

bs
ca

le
 to

ta
l

n/
a

27
.4

 (7
.7

)

C
og

ni
tiv

e 
pe

rf
or

m
an

ce

 
V

er
ba

l C
om

pr
eh

en
si

on
 In

de
x

10
0.

2 
(1

3.
7)

86
.4

 (1
4.

9)
7.

71
25

2.
0

<.
00

1

 
Pe

rc
ep

tu
al

 O
rg

an
iz

at
io

n 
In

de
x

99
.2

 (1
3.

3)
79

.1
 (1

1.
6)

12
.8

1
25

0.
0

<.
00

1

 
Pr

oc
es

si
ng

 S
pe

ed
 In

de
x

99
.3

 (1
3.

6)
73

.7
 (1

0.
1)

17
.0

0
23

2.
2

<.
00

1

 
W

or
ki

ng
 M

em
or

y 
In

de
x

10
0.

3 
(1

3.
8)

79
.3

 (1
5.

8)
11

.2
1

24
9.

0
<.

00
1

 
A

ud
ito

ry
 M

em
or

y 
In

de
x

10
0.

3 
(1

4.
7)

78
.0

 (1
5.

3)
11

.8
7

25
2

<.
00

1

 
V

is
ua

l M
em

or
y 

In
de

x
99

.6
 (1

4.
8)

67
.7

 (1
3.

2)
18

.0
2

24
8

<.
00

1

Schizophr Res. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Palmer et al. Page 13
N

ot
e:

 V
al

ue
s r

ep
re

se
nt

 m
ea

ns
 (a

nd
 S

D
s)

 fo
r c

on
tin

uo
us

 v
ar

ia
bl

es
 o

r p
ro

po
rti

on
s (

pe
rc

en
t) 

fo
r c

at
eg

or
ic

al
 v

ar
ia

bl
es

. D
iff

er
en

ce
s b

et
w

ee
n 

gr
ou

ps
 ar

e c
al

cu
la

te
d 

vi
a t

-te
st

s f
or

 co
nt

in
uo

us
 v

ar
ia

bl
es

 an
d 

ch
i-s

qu
ar

es
fo

r c
at

eg
or

ic
al

 v
ar

ia
bl

es
.

K
ey

 to
 a

bb
re

vi
at

io
ns

: n
/a

 =
 n

ot
 a

pp
lic

ab
le

; P
A

N
SS

 =
 P

os
iti

ve
 a

nd
 N

eg
at

iv
e 

Sy
nd

ro
m

e 
Sc

al
e

Schizophr Res. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Palmer et al. Page 14

Table 2

Pattern of discordant results within the patient-NC matched pairs in regard to whether each comparator index
score is significantly lower than the individual’s verbal comprehension index score.

Pattern of Discordance

Comparator Index

Number of
Discordant SC-NC

pairs

SC VCI > Comparator
& NC VCI ≤
Comparator

SC VCI ≤ Comparator
& NC VCI >
Comparator p

Perceptual Organization 55 41 (75%) 14 (25%) .001

Working Memory 43 30 (70%) 13 (30%) .014

Processing Speed 58 47 (81%) 11 (19%) <.001

Auditory Memory 66 49 (74%) 17 (26%) <.001

Visual Memory 68 64 (94%) 4 (6%) <.001

Note: “Discordant pairs” are those in which the patient and NC in a given pair had discordant results in regard to whether his or her comparator score
was significantly worse than his or her VCI score. The p-values reflect binomial test against the null hypothesis that, among such discordant pairs,
the pair member whose comparator score is lower than VCI is equally likely to be from the patient versus NC group (i.e., the null hypothesis is that
two proportions both equal 50%).

Key to abbreviations: schizophrenia = SC; normal comparison subject = NC, Verbal Comprehension Index = VCI
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Table 3

Selected subtest comparisons.

Pattern of Discordance

Comparator Score

Number of
Discordant SC-

NC pairs

SC VCI >
Comparator & NC
VCI ≤ Comparator

SC VCI ≤
Comparator & NC
VCI > Comparator p

Working Memory component scores

 Spatial Span 44 20 (45%) 24 (55%) .652

 Letter Number Sequencing 53 31 (58%) 22 (42%) .272

Visual Memory component scores

 Family Pictures Immediate 57 45 (79%) 12 (21%) <.001

 Family Pictures Delayed 52 43 (83%) 9 (17%) <.001

 Visual Reproductions Immediate 58 51 (88%) 7 (12%) <.001

 Visual Reproductions Delayed 31 15 (48%) 16 (52%) 1.00

Note: “Discordant pairs” are those in which the patient and NC in a given pair had discordant results in regard to whether his or her comparator score
was significantly worse than his or her VCI score. The p-values reflect binomial test against the null hypothesis that, among such discordant pairs,
the pair member whose comparator score is lower than VCI is equally likely to be from the patient versus NC group (i.e., the null hypothesis is that
two proportions both equal 50%).

Key to abbreviations: schizophrenia = SC; normal comparison subject = NC, Verbal Comprehension Index = VCI
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