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Certain cognitive measures are heritable and differentiate individuals at risk for schizophrenia from unaffected
family members and healthy comparison subjects. These
deficits in neurocognitive performance in patients with
schizophrenia appear stable in the short-term. However,
the duration of most, but not all, longitudinal studies is
modest and the majority have relied on traditional average
performance measures to examine stability. Using a computerized neurocognitive battery (CNB), we assessed mean
performance (accuracy and speed) and intra-individual
variability (IIV) in a longitudinal study aimed to examine
neurocognitive stability in European-American multiplex
families with schizophrenia. Thirty-four patients with
schizophrenia, 65 unaffected relatives, and 45 healthy
comparison subjects completed the same computerized
neurocognitive assessment over approximately 5 years.
Measures of mean performance showed that patients had
stable accuracy performance but were slower in many
neurocognitive domains over time as compared with unaffected family members and healthy subjects. Furthermore,
patients and family members showed dissociable patterns
of change in IIV for speed across cognitive domains: compared with controls, patients showed higher across-task
IIV in performance compared with family members, who
showed lower across-task IIV. Patients showed an increase
in IIV over time, whereas family members showed a
decrease. These findings suggest that measures of mean
performance and IIV of speed during a CNB may provide useful information about the genetic susceptibility in
schizophrenia.
Key words: intra-individual variability/schizophrenia/
cognition/family

Introduction
Schizophrenia is a heritable disorder with persistent
neurocognitive1–3deficits in executive functioning, learning and memory, and processing speed.1–4 These deficits,
examined as endophenotypic markers5 in unaffected
relatives of patients with schizophrenia (eg, Cannon
et al.6), are heritable.3,7 Deficits in neurocognitive performance in patients with schizophrenia appear stable in
the short-term.8–10 For example, little change in variability was found over short (ie, hours) and intermediate (ie,
1 month) intervals in patients on a brief neuropsychological battery.11 However, the duration of most, but not
all,9 longitudinal studies is modest and most have relied
on traditional average performance measures to examine
stability.
Mean Measures as an Index of Neurocognitive
Performance
Neurocognitive deficits in schizophrenia commonly
examine mean performance measures. Such comparisons
indicate greater between-subject variability in patients
relative to healthy individuals or family members. Greater
group differences persist even when other demographic
and illness-associated factors are considered.4 Reducing
group differences by classifying patients based on
specific symptoms indicates differentiable neurocognitive
performance patterns.12 These group differences in
neurocognitive performance are linked to genetic
polymorphisms implicated in schizophrenia (eg,
catechol-O-methyl transferase; COMT).13 Moreover,
unaffected relatives show substantial inter-individual
variability in some neurocognitive domains and differ from
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healthy individuals.14 While, mean performance captures
neurocognitive performance, the emphasis on the mean
may disregard other important facets of performance,5
which may decrease the likelihood of detecting change
over time.
Across-Task Intra-Individual Variability

Methods
Participants
The sample of 99 European-Americans from 26 multiplex multigenerational families was recruited at two
sites (Philadelphia and Pittsburgh) and completed two
computerized neurocognitive assessments. This cohort
is a subsample of a previously characterized sample.3
Briefly, patients had an extended multigenerational family, with at least 10 first- and/or second-degree relatives.
Consensus best-estimate DSM-IV diagnosis of schizophrenia or schizoaffective disorder was made for each
proband via clinical interview or in some cases (patient
incarceration or deceased) via evaluation of medical
records. Participants were older than 15 years of age at
initial contact and provided signed informed consent. The
Institutional Review Boards of participating institutions
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Intra-individual variability (IIV) reflects within-person
fluctuations in neurocognitive performance assessing the
stability of cognitive processing.5,15 When within-person
variability increases and is systematic, indexing performance based upon a single measurement (eg, mean
performance) may result in poor estimates of group differences.16 Thus, IIV has emerged as a useful construct
for assessing cognitive performance in disorders such as
attention deficit hyperactivity disorder (ADHD)17 and
schizophrenia.18–20 Typically, IIV is measured across trials within a given domain21,22 and is limited to measures
of performance speed. But IIV can also be calculated
across neurocognitive domains, providing a broad index
of brain function for accuracy or speed.23 Recently, a large
study found greater across-task IIV in patients compared
with their unaffected siblings, who showed more IIV than
healthy individuals.24 Yet, longitudinal changes in IIV
across neurocognitive measures have not been measured
in patients with schizophrenia and their family members.
Evaluating longitudinal neurocognitive performance using
across-task IIV may provide a robust measure of neurocognitive performance and enable detection of change
over time that better correlates with genetic liability. The
aim of this study was to assess the stability of cognitive
performance over time using mean performance and a
measure of across-task IIV in patients with schizophrenia
and their family members using the computerized neurocognitive battery (CNB), which targets cognitive domains
that show characteristic dysfunction in schizophrenia.4

approved the study. For minors < 18 years old, assent
was obtained from the child and consent from a parent.
These data were collected as part of a larger genomics
project examining genetic mechanisms of schizophrenia.
To reduce genetic heterogeneity, the sample was restricted
to Caucasian individuals.
Schizophrenia participants (n = 34) were competent to provide informed consent, capable of participate and not exhibiting acute positive symptomatology
that required medication adjustment or hospitalization
within the past year. Thirty-one patients were medicated with antipsychotic medication at baseline, one
was not medicated and medication information was
not available for two patients. Family members (n =
65) were excluded if they had mental retardation (IQ
< 70), a central nervous system disorder that hindered
performance, or were not proficient in English. Patients
and family members were diagnostically reevaluated
at follow-up. Diagnosis was unchanged in all patients
and in 53 family members. Twelve family members had
minor diagnostic changes that were deemed clinically
insignificant (eg, past substance abuse/dependence, currently in full remission). Global functioning and clinical symptomatology were assessed at baseline in most
patients and family members. Global functioning was
measured using the Global Assessment of Functioning
(GAF)25 with higher scores indicating better functioning. The Scale for the Assessment of Negative Symptoms
(SANS)26 and the Scale for the Assessment of Positive
Symptoms (SAPS)27 were used to rate the presence and
severity of negative and positive symptoms. The Wide
Range Achievement Test, version 3 (WRAT3),28 a brief
estimate of IQ, was measured in most subjects at the
initial testing. Of those individuals who had two neurocognitive assessments, 18 families (78 individuals)
consisted of at least 1 patient with schizophrenia and
at least 1 family member, 3 families (4 individuals) consisted of only patients, and 5 families (17 individuals)
consisted of only family members.
The comparison group included 45 psychiatrically,
medically, and neurologically healthy EuropeanAmericans with no axis I and axis II cluster A disorders,
no history of psychosis or mood disorder in their firstdegree relatives and stable over time. Healthy comparison
subjects were recruited from the same communities as
patients and families underwent urine drug testing to
screen for current substance abuse. At project initiation,
the research teams at the two test sites participated in
a 3-day workshop that covered all procedures related
to ascertainment, screening, assessment, consensus
diagnosis, reliability, and neurocognitive testing to
ensure cross-site consistency. We found no difference is
performance across sites for the comparison subjects in
this sample. Demographic information for each group is
provided in table 1.

Stability of Neurocognitive Performance

Computerized Neurocognitive Battery
The CNB evaluates several domains including abstraction
and mental flexibility, attention, language, memory—verbal, facial, visuo-spatial—as well as sensorimotor and
emotion processing. Details regarding tests and administration have been published.3,29,30
Statistical Methods and Analyses

Table 1. Demographic Information for Healthy Comparison
Subjects, Schizophrenia Patients, and Their Unaffected Relatives
Healthy
Comparison
(n = 45)
Age (Time 1),
46.82 (16.77)
years
Age (Time 2),
50.69 (17.49)
years
Age (range),
23–80
years
Retest interval,
3.93 (2.22)
years
Retest interval
1–155
range, months
Education,
15.31 (2.20)
years
Parental EDU,
13.24 (2.70)
years
Sex, % M
42.22%
Handedness,
86.67%
%R
WRAT
107.11 (9.80)
(standard)
GAF
n/a
SANS
n/a
SAPS
n/a
Medication
Atypicals
—
Typicals
 None/Unknown

Schizophrenia Unaffected
(n = 34)
Family
(n = 65)
44.53 (8.48)

40.45 (16.20)

51.00 (8.87)

46.18 (16.78)

20–56

16–79

6.43 (1.59)**

5.67 (1.62)**

47–107

42–107

12.50 (2.03)** 13.58 (2.87)**
12.44 (2.78)

11.57 (2.90)**

55.88%
91.18%

46.15%
84.62%

90.16 (16.25)** 98.84 (14.90)*
50.51 (12.67)#
17.33 (14.21)#
18.96 (17.38)#
24
7
3

79.44 (13.19)
5.88 (9.79)
1.97 (5.54)
—

Note: GAF, Global Assessment of Functioning Scale; SANS,
Scale for the Assessment of Negative Symptoms; SAPS, Scale
for the Assessment of Positive Symptoms; WRAT, Wide Range
Achievement Test.
**P < .01, *P < .05 as compared with healthy comparison subjects.
#
P < .05 as compared with unaffected family members.

Results
Test-Retest Reliability of the cnb Over an Extended
Period
Test-retest reliability across the two versions of the CNB
(table 2) is acceptable to be high across most domains in
comparison subjects, although accuracy for spatial memory and attention, and speed of verbal reasoning showed
lower ICCs. A similar pattern of ICCs was observed in
patients and family members. Comparison of CNB ICCs
between groups, using Fisher r-to-z transformations,
indicated no group difference in the test-retest reliability.
Neurocognitive Performance
The neurocognitive profiles for each group are presented
in table 3. Groups differed in accuracy (Time 1: [F(2,74) =
16.62, P < .001]; Time 2: [F(2,122) = 32.77, P < .001]) and
speed (Time 1: [F(2,74) = 5.11, P = .008]; Time 2: [F(2,122)
= 27.38, P < .001]) at each time point. There was a main
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Test-Retest Reliability of the CNB. Reliability of neurocognitive measures was calculated with intraclass correlation coefficients (ICC) for degree of consistency for both
raw accuracy and speed in those with complete data at
baseline and follow-up. The magnitudes of the ICCs for
patients and comparison subjects were compared using a
Fisher r-to-z transformation for ICC.31
Mean Performance Comparisons. Group differences in
neurocognition were analyzed using z-transformed scores
for each domain. General linear models with mixed
effects were used to compare overall CNB performance.

The between-subject factor was diagnostic group and the
within-subject factor was CNB domain. Age, parental
education, and interval between CNB test administrations were included as covariates. Analyses were performed for each test administration (Time 1 and Time
2). Overall effects were followed-up by comparing performance between group pairs (eg, patients versus healthy
comparison subjects) using mixed model analyses taking
into account family relationships through incorporation
of a kinship coefficient. Raw performance score are presented in table 3.
Across-Task Intra-Individual Variability. Within-person
across-test variability was calculated as in a previous study (see “Appendix”).23 Variability scores were
computed for accuracy and speed at Time 1 and Time
2 and were compared as described for the CNB tasks.
For this analysis, diagnostic group was considered a
between-subjects factor.
Stability of Neurocognitive Performance. Difference in
performance was calculated for each CNB measure as
accuracy, speed, or IIV at Time 2 minus accuracy, speed,
or IIV at Time 1, respectively. A variance component
model was used to test whether the mean of difference
in performance was different from zero in the subgroups
of healthy controls, individuals with schizophrenia, and
family members, while accounting for the nonindependence between patients and their family members via
incorporation of a kinship matrix. The likelihood of
a model estimating the mean difference in trait values
between testing sessions was compared with the likelihood of a model in which the mean difference was fixed
to zero, resulting in a one degree of freedom chi-square
test. Age, parental education, and interval between CNB
test administrations were included as covariates. The significance threshold was set at P < .05.
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Table 2. Test-Retest Reliability of the Accuracy and Speed on the Computerized Neuropsychological Battery for Each Domain in
Comparison Subjects, Patients with Schizophrenia, and Unaffected Relatives with Tests at Both Time Points29

Domain (Test)

HC versus Unaffected Family

z

P

z

P

0.70
0.64
0.83
0.86
0.56
0.87
—
0.76

1.45
−0.90
0.54
0.11
0.40
−0.34
—
0.46

0.15
0.37
0.59
0.91
0.69
0.73
—
0.65

−0.01
−0.78
−0.28
0.03
−1.13
−0.44
—
−0.03

0.99
0.44
0.78
0.98
0.26
0.66
—
0.98

0.80
0.67
0.63
0.87
0.78
0.62
0.54
0.72

1.20
−0.29
0.90
1.12
0.00
0.07
−0.05
1.84

0.23
0.77
0.37
0.26
0.99
0.94
0.96
0.06

0.23
0.40
−0.03
−0.19
−0.58
−1.23
1.47
0.70

0.82
0.69
0.98
0.85
0.56
0.22
0.14
0.48

Schizophrenia

Unaffected
Family

0.70
0.45#
0.76
0.87
0.32#
0.77
—
0.75

0.34#
0.70
0.64
0.84
0.22#
0.89
—
0.63

0.85
0.76
0.62
0.83
0.66
0.32#
0.84
0.87

0.55
0.86
0.39#
0.56
0.66
0.29#
0.85
0.41#

Note: Test-retest reliability values are intraclass correlation coefficients (ICC) for degree of consistency between measurements.30 The
z and P values reflect the comparison of ICC magnitude between groups. The magnitude of the ICC was compared by using a Fisher
r-to-z transformation for ICC.
Note: ABF, Abstraction and Mental Flexibility; ATT, Attention; VMEM, Verbal Memory; FMEM, Face Memory; SMEM, Spatial
Memory; LAN, Language Reasoning; SM, Sensorimotor Processing Speed; EMO, Emotion Processing; HC, Healthy comparison
subjects.
a
Speed is the only dependent measure used for this task.
#
Reliability testing did NOT reach significance (P > .05).

effect of domain for accuracy [F(6,444) = 3.54, P = .002]
but not speed [P = .07] at Time 1. The main effect of
domain was significant for accuracy [F(6,732) = 3.94, P <
.001] and speed [F(7,854) = 2.09, P = .04] at Time 2. The
group-by-domain interaction was significant for accuracy
(Time 1: [F(12,444) = 2.64, P = .002]; Time 2: [F(12,732)
= 2.27, P = .008]) and speed (Time 1: [F(14,518) = 3.03,
P < .001]; Time 2: [F(14,854) = 5.87, P = .001]) at both
time points.
Patients with schizophrenia performed most poorly
across domains and measures, while relatives performed
at an intermediate level (figure 1). At Time 1, patients
were significantly less accurate than comparison subjects
(all P < 0.001) and family (all P < 0.05) members for
all CNB tasks. Family members were less accurate for
face memory (P < .05) relative to comparison subjects
but equivalent on all other CNB measures. Patients’
speed was significantly slower than comparison subjects (all P < .05) for all tasks except language, face, and
visuo-spatial memory. Patients’ speed was slower compared with family members for all CNB tasks except
language, emotion processing, face, and visuo-spatial
memory. Family members were slower than comparison subjects for language (P < .05) and emotion processing (P < .01). At Time 2, patients were significantly
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less accurate than comparison subjects (all P < 0.001)
and family (all P < 0.05) members for all CNB tasks.
Family members were less accurate for language and
face memory (P < .05) relative to comparison subjects
but equivalent on the remaining CNB task. Patients’
speed was significantly slower than comparison subjects
(all P < .01) for all CNB tasks except language. Patients’
speed was significantly slower than family members (P <
.05) for all CNB tasks except for visuo-spatial memory.
Family members were slower than comparison subjects
for sensorimotor and emotion processing and face and
visuo-spatial memory (P < .05).
Across-Task Intra-Individual Differences in cnb
Performance
Healthy subjects showed less variability in accuracy
[t(108) = 3.57, P < .001] and speed [t(108) = 3.05, P < .01]
compared with family members who showed less variability in both accuracy [t(97) = 4.58, P < .001] and speed
[t(97) = 4.13, P < .001] than patients. Patients had greater
variability than controls in accuracy [t(77) = 7.18, P <
.001] and speed [t(77) = 6.29, P < .001].
At both time points, the groups significantly differed in
variability for both accuracy (Time 1: [F(2,137) = 7.63, P
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Accuracy
ABF
ATT
VMEM
FMEM
SMEM
LAN
SMa
EMO
Speed
ABF
ATT
VMEM
FMEM
SMEM
LAN
SM
EMO

HC versus Schizophrenia

Healthy
Subjects

  2.40 (0.83)
116.48 (5.55)
35.42 (2.77)
32.19 (4.11)
15.43 (1.81)
69.37 (15.27)
—
33.25 (2.96)

2906 (1474)
511 (51)
1310 (270)
1892 (541)
1584 (381)
8420 (4034)
915 (445)
2300 (704)

40
27
38
44
41
34
43
40

Time 1

40
27
38
44
41
34
—
40

nb

Healthy

2522 (1404)
495 (61)
1696* (697)
1940 (752)
1648 (407)
7577 (1973)
867 (272)
2272 (590)

  2.75 (0.77)
117.37 (3.03)
35.04 (3.02)
34.25* (3.38)
15.85 (2.21)
69.27 (13.59)
—
33.30 (3.08)

Time 2

0.27
0.28
−0.19
−0.07
−0.16
0.26
0.13
0.04

0.17
0.19
−0.13
0.54
0.21
−0.01
—
0.02

dd

32
28
34
34
31
14
31
32

32
28
34
34
31
14
—
32

nb

4146 (1898)
570 (76)
1700 (460)
2062 (681)
1793 (680)
9455 (5107)
1509 (646)
3488 (1248)

  0.85 (0.85)
103.86 (13.04)
32.67 (3.52)
28.81 (3.51)
13.19 (2.39)
45.57 (16.46)
—
29.31 (5.16)

Time 1

Schizophrenia

3941 (1846)
560 (89)
3095* (1719)
2831* (1295)
2106 (671)
8573 (2750)
1760* (687)
4047 (1344)

  1.09 (0.96)
102.61 (14.65)
31.69 (4.24)
29.50 (3.79)
12.88 (2.13)
45.07 (16.59)
—
28.47 (4.61)

Time 2

0.11
0.12
−1.10
−0.74
−0.46
0.21
−0.37
−0.48

0.26
−0.09
−0.25
0.18
−0.14
−0.03
—
−0.17

dd

62
61
64
64
63
42
63
65

62
61
64
64
63
42
—
65

nb

2729 (955)
503 (68)
1440 (493)
2003 (738)
1732 (625)
9578 (3781)
951 (316)
2854 (1165)

  2.20 (1.04)
112.45 (9.42)
34.65 (3.69)
30.92 (4.19)
15.08 (2.05)
63.13 (19.01)
—
32.55 (4.30)

Time 1

Unaffected Family
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2598 (1004)
490 (56)
1870* (667)
2190* (826)
1801 (608)
8742 (3518)
1023 (362)
2723 (870)

  2.54* (0.87)
115.20* (6.77)
33.86 (3.68)
32.64* (4.48)
15.27 (2.18)
62.80 (19.05)
—
31.96 (4.15)

Time 2

0.13
0.21
−0.73
−0.23
−0.11
0.22
−0.21
0.12

0.35
0.33
−0.21
0.39
0.09
−0.02
—
−0.14

dd

Note: Negative effect size indicates poorer performance at Time 2.
ABF, Abstraction and Mental Flexibility; ATT, Attention; VMEM, Verbal Memory; FMEM, Face Memory (FMEM); SMEM, Spatial Memory; LAN, Language Reasoning;
SM, Sensorimotor Processing Speed; EMO, Emotion Processing (EMO).
a
Accuracy measures include number of items correct (Attention, VMEM, FMEM, SMEM, EMO); % correct (LAN) and (number correct/number of categories attained) + 1
(ABF)-see text for detailed description.
b
This number reflects only those individuals who had completed the CNB at both Time 1 and Time 2.
c
Not amenable for calculation.
d
Cohen’s d.
*
P < .05.

Accuracya
ABF
ATT
VMEM
FMEM
SMEM
LAN
SMc
EMO
Speed (ms)
AMF
ATT
VMEM
FMEM
SMEM
LAN
SM
EMO

Domain (test)

Table 3. Mean, Standard Deviation, and Effect Size of the Difference Over Time for Accuracy and Speed Scores on the Computerized Neurocognitive Battery (cnb) for
Healthy Comparison Subjects, Schizophrenia Patients, and Unaffected Family Members with Test at Both Time Points29

Stability of Neurocognitive Performance
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< .001]; Time 2: [F(2,137) = 22.17, P < .001]) and speed
(Time 1: [F(2,137) = 10.85, P < .001]; Time 2: [F(2,137) =
12.85, P < .001]). Follow-up tests revealed that comparison subjects’ accuracy was less variable than patients at
both time points (Time 1: P < 001; Time 2: P < 001) and
family members (Time 1: P = .002; Time 2: P = .01).
Family members were less variable than patients at both
time points (Time 1: P = .002; Time 2: P = .001). Healthy
subjects’ speed was less variable than family members at
Time 1 (P < .01) and Time 2 (P < .05) and patients at
Time 1 (P < .001) and Time 2 (P < .001). Family members’ speed variability was not different from patients at
Time 1 (P < .10), but they were less variable at Time 2
[t(97) = 4.56, P = .001].
Stability of Performance Over Time in Multiplex
Families of Schizophrenia
Mean Performance. CNB performance stability and
effect sizes of the change (Cohen’s d) in performance are
presented in table 3. Comparison subjects’ performance
Page 6 of 10

accuracy remained stable in most domains but improved
in face memory. Patients showed stable CNB accuracy in
all domains while family members’ accuracy increased in
attention, abstraction/mental flexibility, and face memory
but remained stable in the other domains. Comparison
subjects’ reaction time on the CNB remained stable
in most domains but became slower during the verbal
memory. Patients had stable reaction time in five
domains: attention, verbal reasoning, abstraction/mental
flexibility, visuo-spatial memory, and emotion processing
but became slower for face memory, word memory, and
sensorimotor processing. Family members’ reaction time
was stable across most domains but slowed for face and
verbal memory.
Across-Task Intra-Individual Variability. IIV stability and
effect sizes of its change are presented in table 4. Acrosstask variability for accuracy was stable in patients but
decreased in comparison subjects and family members
over time. Comparison subjects and patients also showed
stable variability in speed, while family members’ speed
variability decreased over time.
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Fig. 1. z-transformed neurocognitive performance in healthy comparison subjects, patients with schizophrenia, and unaffected family
members at two time points. Asterisks indicate significant differences as compared with healthy comparison subjects and are color coded
according to group. *P < .05; **P < .01; ***P < .001. Abst/ment Flex = Abstraction/mental flexibility.

Stability of Neurocognitive Performance

Table 4. Mean, Standard Deviation, and Effect Size of the Difference Over Time for across-Task iiv (iiv) Scores on the Computerized
Neurocognitive Battery for in Healthy Comparison Subjects, Schizophrenia Patients, and Unaffected Family Members with Test at Both
Time Points. Higher iiv Score Indicates Poorer Performance
IIV scorea

Healthy

Schizophrenia

Measure

Time 1

Time 2

d

Time 1

Time 2

d

Accuracy
Speed

0.86 (0.30)
0.69 (0.32)

0.79 (0.24)*
0.65 (0.39)

0.26
0.11

1.98 (1.33)
1.17 (0.49)

1.97 (1.29)
1.51 (1.05)

0.01
0.41

b

Unaffected Family
b

Time 1

Time 2

db

1.36 (1.00)
0.97 (0.60)

1.01 (0.54)*
0.81 (0.47)*

0.43
0.30

IIV was calculated for all individuals.23
Cohen’s d.
*
P < .05 as compared with Time 1 (less).
a

Discussion
In a multiplex multigenerational cohort, patients with
schizophrenia showed stable accuracy performance,
less stable speed performance, and greater across-task
IIV compared with their relatives and healthy subjects
on a CNB. Longitudinal measures revealed subtle,
domain-specific decreases in performance in affected
individuals but improved performance in unaffected
family members. The use of an across-task measure
of performance variability confirmed previous results
of more IIV for neurocognitive measures in patients
with schizophrenia compared with family members
and healthy controls. Moreover, patients’ IIV for speed
increased, nominally, over time relative to family
members or comparison subjects. In contrast, family
members’ accuracy and speed IIV decreased significantly
over time. These changes in performance were small to
modest in effect size. In addition, traditional measures of
mean performance, particularly speed measures, reliably
differentiated the affected from the unaffected family
members and healthy subjects. Our findings suggest
that both mean performance measures and across-tasks
variability measurements of speed on the CNB appear to
differentiate affected and unaffected individuals and that
using the CNB to measure stability of neurocognitive
performance over time may help future genetic association
studies of schizophrenia.
Neurocognitive Performance: Across-Task IntraIndividual Variability
Our results confirm and extend prior findings on the
neuropsychological deficits in schizophrenia. Like
other studies, IIV not only differentiated patients from
healthy subjects but also distinguished unaffected family members. Comparison subjects and family members
showed reductions in accuracy IIV over time, but only
family members showed reductions in speed IIV over
time. Conversely, patients’ accuracy IIV was unchanged,
but their speed IIV increased by approximately 30%,

although this increase did not reach statistical threshold. Reduction in accuracy and speed IIV in comparison
subjects and family members over time may reflect the
ability to maintain consistency across tasks that involve
rapid complex cognitive processing. Other studies16,24
suggest consistency, or lack thereof, may be a sensitive
index of performance over time that is related, in part, to
dopaminergic function.21,32 Thus, IIV may be a sensitive
marker of disease given the relationship between schizophrenia and dopaminergic functioning.33 Importantly,
patients take longer to perform at the same level of accuracy as family members and healthy subjects suggesting
an increase in monitoring while responding during the
CNB. Future studies should consider measuring the relationship between response slowing and brain function
(ie, functional magnetic resonance imaging) in schizophrenia. Directly measuring within-person variability in
neurocognitive performance provides a general view of
neurocognitive ability. However, Cole et al.24 argue that
using a composite index of neurocognitive domains provides a better index of performance coherence across
neurocognitive domains. Furthermore, IIV can be advantageous in elucidating common underlying mechanisms
of information processing that result in increased variability.34 This approach may be more sensitive to detecting
change over time by taking advantage of the variability
within an individual to aid in determining individuals at
risk for schizophrenia. In fact, individuals with high variability on IQ measurements have been shown to be three
times more likely to develop schizophrenia than individuals with low variability.35 Yet, the specific mechanism
underlying reduced speed and accuracy IIV over time
in family members remains unclear. A reduction may
reflect familiarity with the tasks or learning over time.
Notably, even after this improvement family members
remain intermediate to healthy subjects suggesting some
genetic influence on IIV. Other factors such as age36 or
task complexity21 may explain part of the IIV differences,
yet these associations tend to be task-specific37 and our
longitudinal comparison considered factors such as age.
Nonetheless, domain-specific measures of IIV in large
Page 7 of 10

Downloaded from http://schizophreniabulletin.oxfordjournals.org/ at University of Pennsylvania Library on August 28, 2012

b

D. R. Roalf et al.

Neurocognitive Performance: Mean Performance and
Stability
We confirmed previous findings3,4 that patients are globally impaired across a range of neurocognitive domains
and that relatives without schizophrenia are also impaired
in specific domains compared with healthy subjects without a family history of psychosis. Our study extends findings that neurocognitive deficits in performance accuracy
in outpatients with schizophrenia are stable over a 5-year
interval, suggesting that these deficits are a feature of the
Page 8 of 10

disease. However, this stable pattern is noted in outpatients, whereas chronically institutionalized patients over
the age of 65 decline in neurocognitive performance as
compared with age-matched controls.46 We also found an
intermediate stability pattern for family members, with
accuracy improving in many, but not all domains. The
stability profile of family members was similar to that of
the comparison subjects. Although we increased detection
power in family members, this finding could reflect less
genetic vulnerability or resilience in unaffected relatives.
We found less stability in performance speed for specific domains in patients. Comparison subjects and family members showed minimal changes in performance
speed. Indeed, these groups showed the traditional
speed-accuracy trade-off noted in previous studies3 but
not in verbal memory. However, this pattern was not
seen in patients who showed robust slowing with no
complementary increase in accuracy, similar to previous
studies.18,47 Patients were slower at baseline and slowing
continued over time. Given these dissociable patterns in
affected and unaffected family members, parsing performance into accuracy and speed components results in
increased detection of genetic vulnerabilities associated
with cognitive performance.
A distinct advantage of mean performance measures
is the ability to inspect differences in performance in specific neurocognitive domains. This specificity is useful
for probing particular neurocognitive deficits in patients
with schizophrenia or their family members. Future studies that focus on domain-specific changes in performance
would be noteworthy, particularly if the trajectories of
change were compared within and across multiplex families with schizophrenia. Family-specific deficits should be
further probed, but larger family units are needed to provide sufficient power.
Reliability of the CNB
We show that the test-retest reliability of the CNB is high
over an extended period in most cognitive domains. This
is similar to previous studies using standard measurements.9 Importantly, the test-retest reliability was similar across the diagnostic groups. Regardless of outcome
measure used, it is apparent that the CNB offers precise,
reliable measurement of neurocognitive performance
that allows for sensitive monitoring over time, which may
be critical for determining trajectories in individuals at
clinical risk for psychosis or those with significant genetic
susceptibility.
Limitations
Our use of multiplex family members provides a unique
perspective on cognitive performance over time, but
this data may not translate to simplex families as mulitplex families may have higher incidences of other axis
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multiplex families with schizophrenia may prove useful in
further differentiating genetic susceptibility.
A single measure of variability over a battery of
computerized tasks cannot fully replace a through
neuropsychological evaluation, as variability is common
even in healthy adults.38 However, assessment of
within-person variability as a complementary measure
to standard outcomes provides a generalizable metric
of neurocognitive performance that is informative
and potentially useful in genetic association studies.
The neural substrate of across-task IIV has not been
investigated in patients with schizophrenia. However,
our findings in patients are similar to other studies
demonstrating that focal lesions of the frontal lobes21 and
other brain disorders,17 including schizophrenia20,24 are
associated with increased IIV. Increased across-trial IIV
is linked to neural disconnectivity of the frontal cortex
in aging39 and ADHD.17 ADHD and schizophrenia have
similar neurodevelopmental mechanisms40 and may share
a common neural pathway that results in information
processing instability due to a reduction in prefrontal
dopamine.20 Furthermore, cortico-cortical disconnectivity
of the frontal cortex is a potential neurobiological
mechanism underlying poor neurocognitive performance
in schizophrenia.41,42 This disconnection hypothesis is
further supported by findings indicating that alterations
in brain white matter in schizophrenia are associated
with deficits in neurocognitive performance (eg, Kubicki
et al.43, Szeszk et al.44, Perez-Iglesias et al.45), including
impairments in prefrontal cortex-mediated task
switching43 and abstraction/mental flexibility.45 While
these studies note specific brain-behavior relationships
in schizophrenia, it is possible that more comprehensive
performance metric, such as across-task (IIV), may be
more closely associated with microstructural alterations
in the brain. However, symptomatology and illness course
may lead to disparate patterns of variability, either in the
timing of the deficits or in the specific neuropsychological
domains responsible for increased IIV. Future studies
could examine patterns of neurodevelopment and
their relationship to across-task neurocognitive IIV. In
addition, attempts to differentiate the neuropsychological
domains that contribute to increases in IIV in specific
neurological disorders should be considered.

Stability of Neurocognitive Performance
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Appendix

Intra-individual variability (IIV) was calculated in the following manner. Raw scores for each computerized neurocognitive battery (CNB) test were z-transformed based on
the sample as a whole. These transformed scores were then
used to calculate variability using the following equation:
IIV = ∑ k =1
K

( Z ik − Ai )2
( K − 1)

where Zik is the kth CNB test score for the ith individual
and
K
Z
Ai = ∑ ik
k =1 K

is the individual’s mean z-transformed score based on all
of the CNB tasks performed.23
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