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Abstract Patients with schizophrenia demonstrate marked
impairments on most clinical neuropsychological tests.
These findings suggest that patients suffer from a generalized
form of cognitive impairment, with little evidence of spared
performance documented in several large meta-analytic
reviews of the clinical literature. In contrast, we review
evidence for relative sparing of aspects of attention,
procedural memory, and emotional processing observed in
studies that have employed experimental approaches adap-
ted from the cognitive and affective neuroscience literature.
These islands of preserved performance suggest that the
cognitive deficits in schizophrenia are not as general as they
appear to be when assayed with clinical neuropsychological
methods. The apparent contradiction in findings across
methods may offer important clues about the nature of
cognitive impairment in schizophrenia. The documentation
of preserved cognitive function in schizophrenia may serve
to sharpen hypotheses about the biological mechanisms that
are implicated in the illness.
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Turning it Upside Down: Areas of Preserved Cognitive
Function in Schizophrenia

The study of cognitive performance in patients with
schizophrenia has become one of the central topics in the
schizophrenia research literature. Indeed, a Pubmed search
using the terms “cognition and schizophrenia” produces
over 5,700 abstracts. This enormous literature has largely
focused on several issues. First, there is a long research
tradition, perhaps best exemplified by the pioneering work
of David Shakow (Shakow 1972) where different measures
of cognitive performance are used as probes to isolate the
specific cognitive processes that are differentially impaired
in the illness (Cautin 2008). When clinical neuropsycho-
logical assessment methods became commonplace in the
schizophrenia literature in the late 1970s—1980s, interpre-
tive attention turned towards the anatomic localization
implied by the pattern of observed behavioral deficits, with
many suggesting a locus of impairment in the frontal and
medial temporal lobes (Goldberg et al. 1987; Saykin et al.
1994). Supported by converging structural and functional
neuroimaging evidence (Weinberger et al. 1992; Gur et al.
2000a, b), these findings have played an important role in
informing more recent efforts to develop animal models of
impaired cognition in schizophrenia, whether by genetic,
environmental, surgical, or neurochemical manipulation
(Chen et al. 2006; Lipska et al. 2003; Li et al. 2007).

In the past decade, cognitive measures have also been
extensively studied as correlates/predictors of functional
outcome, as targets for pharmacological and psychosocial
intervention, and as potential intermediate phenotype
markers of genetic effects that may run within families of
a person with schizophrenia (Egan et al. 2001;Gold 2004;
Green et al. 2000; Hogarty et al. 2004). Thus, cognitive
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measurement approaches have been used to do some
serious “heavy lifting” about the nature of the brain systems
implicated in the illness and in the evaluation of treatment
effects. Given the centrality of these issues for schizophre-
nia research, progress depends on the validity of the
inferences that can be drawn from available measurement
approaches. The goal of this paper is to highlight some of
the conceptual limitations of the clinical neuropsychologi-
cal methods that have been the mainstay of the field, and to
review some empirical findings that are very difficult to
reconcile with the conclusions that seem to necessarily flow
from the neuropsychological literature.

Findings from standard cognitive and neuropsychological
methods have been the subject of several meta-analyses
(Aleman et al. 1999; Dickinson et al. 2007; Heinrichs &
Zakzanis 1998; Henry & Crawford 2005; Lee & Park 2005;
Reichenberg & Harvey 2007). While differing in study and
measure inclusion details, these meta-analyses all yield
consistent evidence that patients with schizophrenia demon-
strate a substantial level of impairment (on the order one
standard deviation) across many cognitive measures. An
example is shown in Fig. 1, adapted from Dickinson et al.
(2007). As seen in the Figure, there is some variability in the
extent of impairment across measures, but all measures are a
substantial distance from the mean healthy volunteer perfor-
mance level, including measures of single word reading that are
often considered as measures of premorbid cognitive ability.

To the degree that some of the measures have anatomical
implications and are largely (or relatively) independent of
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Fig. 1 Meta-Analytic results adapted from Dickinson et al. 2007. The
meta-analysis synthesized data from 37 studies involving 1961 patients
with schizophrenia and 1,444 healthy comparison subjects, and found
that the largest effect size documented in the clinical neuropsychological
literature was observed on digit symbol coding tasks
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one another, patients with schizophrenia appear to have
multiple substantial impairments and no real areas of
preserved performance. While differing to some degree in
severity, the deficits shown in Fig. 1 implicate a range of
cognitive processes and anatomic regions, suggesting
widespread impairment, with effect sizes varying from the
medium to large range. This could result from multiple
independent focal impairments or a single pathological
process that affects much of the brain.

Alternatively, one could hypothesize that the pattern of
general impairment seen in Fig. 1 is actually the conse-
quence of impairments in a limited number of specific
cognitive processes that have generalized consequences.
That is, impairment could be limited to specific cognitive
processes that impact the function of many other cognitive
functions. This sharply limits cognitive “candidates” to
mechanisms that are involved in multiple cognitive sys-
tems, and the two most likely candidates are attention and
working memory. Attention serves a modulatory role across
cognitive systems, facilitating task performance in the face
of information overload (Luck & Vecera 2002). Attention
serves to focus perceptual systems when they are taxed by
multiple inputs, serves to guide working memory encoding
in order to optimize the use of limited storage capacity, and
serves to guide response selection when confronted by
response incompatibility. Thus, impairments of attention
might be expected to have broad consequences. Similarly,
working memory — the system that forms, maintains, and
manipulates short-term representations in the service of task
performance — is a fundamental building block of more
complex cognitive operations such as reasoning and
language comprehension (Baddeley 1986). Thus, impair-
ment in either the attention or working memory systems
could provide a plausible explanation of the general deficit
pattern observed in the literature. Alternatively, impairment
in affective and motivational systems could plausibly
undermine the generation of goal directed behavior in
general, including the effortful cognitive processes assayed
by clinical neuropsychological tests.

One advantage that the specific-deficits-having-general-
consequences view has above that of a more generalized
form of cerebral dysfunction is that it is compatible with
areas of normal, or nearly normal cognitive performance in
schizophrenia that are occasionally found in the literature.
That is, some aspects of cognitive performance may be
“beyond the reach” of the specific impairments, resulting in
areas of spared performance. However, it is difficult to
reconcile the observation of areas of preserved performance
with the view that patients suffer from a form of
generalized deficit that impacts all aspects of cognition as
suggested by Fig. 1. Below, we will selectively review
some of the evidence that such islands of preserved
performance have been documented in the literature,
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including in some very surprising places aspects of atten-
tion, reinforcement learning, and emotional processing.
Such evidence may have important implications for the
nature of cognitive dysfunction in schizophrenia.

Attention

Multiple aspects of attention would need to be impaired in
order to produce the generalized form of cognitive
impairment observed in schizophrenia. At first glance, such
evidence appears to emerge from the clinical assessment
literature. For example, patients routinely demonstrate
substantial impairment on the Wisconsin Card Sorting and
Trail Making B tests, which are discussed as requiring
attentional set shifts (Mirsky et al. 1995). Similarly, the
Wechsler Digit Symbol Substitution Test (Wechsler 1997)
is often considered a measure of attention and is among the
most, if not the most, reliable impairment documented in
the clinical neuropsychological literature (Dickinson et al.
2007). However, each of these tests clearly involves
multiple cognitive operations, and it is difficult to establish
which operation is responsible for the overall level of
impairment documented in the summary performance
score. Thus, the clinical assessment literature provides
suggestive evidence of an impairment in attention but it is
not possible to rule out the impact of deficits in other
component processes that are involved in task performance.

In the experimental cognitive neuroscience literature, the
role of attention is explicitly manipulated, and the pattern of
performance is evaluated across different task conditions,

Fig. 2 Reaction time of patients
with schizophrenia and normal
control subjects in Posner-type
visuospatial attention paradigms
with target-predictive cues. The
left graph presents averages
across mean values reported by
Bustillo et al. (1997), Gold et al.
(1992), Oie et al. (1998), Pardo
et al. (2000), Posner et al.
(1988), Wigal et al. (1997), and
Strauss et al. (1991). These
experiments include a total of
154 patients and 130 healthy
controls. The right graph
presents averages across mean
values reported by Carter et al.
(1992, 1994) and Bustillo et al.
(1997) and is based on a total
of 82 patients and 51 healthy
controls
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not just overall task success or speed as is common in the
clinical assessment literature. Thus, for example, subjects
may be cued to respond to certain spatial locations and not
others, and performance is compared at cued and uncued
locations. Thus, the role of attention in this type of task is
captured by the relationship between reaction times or
accuracies at different locations, thereby isolating the
specific impact of attentional selection on performance.

A paradigmatic example of this type of task is the
attentional orienting task developed by Posner (1980)
where the subject is instructed to respond as quickly as
possible to the appearance of a target stimulus at one of two
peripheral locations while maintaining central fixation. On
a high proportion of trials, a precue indicates the likely
target location along with smaller numbers of trials with
misleading (invalid) and neutral cues. By comparing
performance across cue types, the ability to perform
preparatory shifts of attention and to filter out unlikely
target locations is assayed. Comparison of peripheral versus
central symbolic cues provides for measures of exogenous
versus endogenous attentional shifts, i.e., triggered by the
onset of a stimulus event or by abstract information and a
cognitive decision process. In Posner-type paradigms, using
both central and peripheral cues, the ability to orient spatial
attention appears at least as robust in patients with
schizophrenia as in healthy controls. In Fig. 2, the mean
performance of patients and controls is shown across seven
(exogenous cues) and three (endogenous cues) published
studies using comparable variants of the Posner task.
Despite overall slower responding, the average reaction
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time benefit of valid cues and reaction time costs of invalid
cues are comparable across patients and controls. In other
words, patients are able to use the advance information
conveyed by spatial cues to allocate attentional resources to
the expected target location prior to target onset. To ensure
that reaction time differences between conditions reflect
specific differences in functions of attentional selection
rather than in general alerting effects of cues, several
studies employed a neutral cue instead of a no-cue
condition (e.g., Carter et al. 1992, 1994, Bustillo et al.
1997, Sapir et al. 2001, Gouzoulis-MayFrank et al. 2004,
2007). These studies report essentially the same findings on
cue usage.

Spared performance on the Posner orienting task may
have limited implications for more challenging forms of
selection. The target stimuli in the Posner task are
luminance onsets that attract attention nearly automatically.
Further, it is not possible to be certain that attention serves
to enhance perceptual processing because reaction time
speeding could arise on the basis of changes in response
criterion alone given the uneven cue probabilities. That is,
subjects may be more willing to initiate a response at a cued
location (relative to an uncued location) on the basis of less
perceptual evidence given that cues are almost always
valid. Thus, the Posner task does not provide unambiguous
evidence that attentional cues serve to improve target signal
processing.

Clear evidence for intact attentional selection has been
documented in the context of selection for working memory
encoding. In brief, because working memory capacity is
sharply limited, selective attention plays a critical role in
ensuring that only relevant items are encoded. In a series of
four visual change detection experiments, patients were
presented with arrays of items to remember (colored
rectangles, circles, and oriented bars) that were at or above
working memory capacity (Gold et al. 2006). In each
experiment, memory for only half the items was tested. A
variety of selection cues were used, including central
arrows or cue boxes, indicating the hemifield likely to be
tested, or subjects were instructed to attend to items of a
particular color or shape. The cues correctly predicted the
test items on the majority of trials in order to motivate cue
use; however, on a minority of trials, memory for the
uncued items was tested. In this type of design, intact
selective attention should result in nearly exclusive encod-
ing of cued items whereas impaired selection would lead to
a performance advantage for the uncued items. In each
experiment, patients had lower overall working memory
capacity than controls but showed clearly superior perfor-
mance for cued items relative to uncued items. Further,
patients showed minimal encoding of uncued items—the
same performance pattern observed in healthy controls,
suggesting that this form of attentional selection is
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surprisingly spared in the illness. One potential limitation
of the evidence provided by these experiments is that cued
items were either of the same or possibly greater visual
salience as the distractors. Thus it remains for future work
to determine if selective attention operates efficiently when
challenged by the demand to exclude distractors that have a
competitive salience advantage relative to target items.
However, it appears that patients are surprisingly able to
use a variety of salient cue types to control access to
working memory.

Compatible results were obtained in visual search
paradigms where participants identified a target in an array
of distractor items that shared either the color or shape of
the target. In one experiment (Gold et al. 2007), the target
was always among three items of one color, while the
number of distractors of the other color varied. The item
subsets were highly discriminable, and there were only
small increases in search time with increasing numbers of
distractor items, i.e., attention during search was effectively
restricted to items of the relevant color. Patients with
schizophrenia, although slower overall, displayed the same
shallow search slope, indicating that they, too, were able to
focus on the relevant items and ignore the irrelevant ones.
In another experiment (Elahipanah et al. 2008), the relative
frequency of the distractors that shared either the color or
the shape of the target was varied to be equally or unequally
frequent. Search times were faster in the unequal con-
ditions, indicating that subjects focused attention on
whichever distractor subset was smaller. Patients with
schizophrenia, although slowed overall, displayed the same
improvements with smaller subsets, suggesting (a) intact
segregation of the item types, (b) intact attentional
selection, and (c) intact flexibility in adjusting their search
according to the distractor frequencies. Again, the two
types of categories were highly salient and discriminable,
and the modulation of visual search was likely governed by
bottom-up, stimulus-driven factors.

Another study employing event-related potentials inves-
tigated whether attentional selection may be implemented at
a slower speed in schizophrenia (Luck et al. 2006). The
N2pc component is a negative occipitotemporal deflection
initiated by focusing visual attention to a target in the
contralateral hemifield. Two arrays of target stimuli were
presented, one in each hemifield. Participants responded to
an item from either the left or right array based on its color,
providing a salient cue. Despite slowed response times,
patients with schizophrenia displayed virtually identical
N2pc onset latencies. An additional behavioral experiment
provided further evidence for a normal speed of attentional
resource allocation: one item from an array was cued for a
varying length of time before being masked, and recall
accuracy increased with the length of the cueing period.
This increase was barely shallower in patients, but this
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small difference was due to four outlier subjects in the
patient group, suggesting overall comparable speed of
attentional resource allocation between patients and con-
trols. This result was particularly surprising given that
impairments on Digit Symbol, which clearly requires rapid
shifts of visual attention, are often thought to reflect
slowing in processing speed. However, when speed of
attentional resource allocation is assessed directly there is
simply no evidence of slowing, highlighting the conflicting
results between performance indicators derived from
clinical neuropsychological tasks and experimental cogni-
tive neuroscience.

The above studies suggest that patients with schizophre-
nia are unimpaired in controlling the allocation of atten-
tional resources based on salient cues and in selecting
relevant and filtering irrelevant material. This preservation
of basic attentional selection mechanisms constitutes clear
evidence against a model of generalized cognitive dysfunc-
tion in schizophrenia. What the above studies have in
common, however, is a low dependence on top-down
control processes. For these more effortful control process-
es, there is evidence for patient impairment in the context of
attentional selection (Fuller et al. 2006, Gold et al. 2007,
Luck & Gold 2008), consistent with findings of top-down
executive control and working memory dysfunction (Kerns
et al. 2008, Barch and Smith 2008). That is, when
attentional selection fails in schizophrenia it appears to
implicate higher order processes involved in control, not the
actual implementation of selection. For example, Maruff et
al. (1998) designed a version of the Posner task where the
cue indicated that the target would appear at the opposite
location. Thus, the task demands a shift of attention away
from rather than towards the cue onset. Patients demon-
strated marked impairments in this task, where the salience
of a strong bottom-up stimulus needs to be overridden by a
top-down rule. This finding is fully analogous to the well-
documented finding that patients with schizophrenia have
difficulty performing anti-saccade tasks that require a
powerful top-down signal to override the nearly reflexive
orienting to the cue (Radant et al. 2007). The fact that
prosaccades are preserved in schizophrenia provides evi-
dence that the abnormality is in attentional control
processes rather than intrinsic to the eye-movement system
(Hutton and Ettinger 2006). A similar argument can be
made about the nature of the deficit observed in “expec-
tancy” versions of the CPT studied by Cohen and
colleagues where approximately 70% of trials are A-
followed-by-X-targets (Servan-Schreiber et al. 1996; Cohen
et al. 1999). This leads to a powerful “respond to X” bias
that leads to commission errors on B-followed-by-X lure
trials. Again, the top-down response selection rule is at a
competitive disadvantage relative to the bias that is
established by the frequent target responses to the X

stimulus. Thus, both perceptual input selection and response
selection processes may fail where the role of the attentional
system is to resolve competition between task rules. In
contrast, when a task environment does not involve
competition at the level of task rules, attentional processes
that boost the processing of high priority items and suppress
the processing of irrelevant distractors may function surpris-
ingly normally in patients with schizophrenia.

Thus, the evidence suggests that the impairment of
attention in schizophrenia is not generalized: basic selection
mechanisms appear to be preserved but fail in a predictable
fashion when tasks require a high degree of top down control.
In accordance with the specific-deficits-general-consequences
view, a deficit in such top down control processes may
account for impairment in a wide range of tasks, while
allowing for islands of preserved function described above.

Implicit and Feedback-Driven Learning

The idea that deficits in reinforcement learning are central
to schizophrenic psychopathology is intuitively appealing,
in that such deficits would implicate brain dopamine
systems, widely considered to function abnormally in
schizophrenia. The identification of specific deficits in
reinforcement learning or specific arecas of preserved
function has the potential to tell us, for example, whether
the processing of reinforcement is abnormal in schizophre-
nia, or whether the problem lies more with reward-based
learning or value-based response-selection. However,
addressing this question is not straightforward as there are
multiple forms of reinforcement learning as well as multiple
forms of implicit memory more generally, likely involving
different neural substrates.

There are clearly some aspects of reinforcement learning
that are severely impaired in schizophrenia. Patients with
schizophrenia, for example, routinely do poorly on tests of
rule learning that rely on hypothesis testing. A well-
documented example of this is the reduction in number of
categories achieved by patients on the Wisconsin Card
Sorting test (Goldberg et al. 1987). Patients with schizophre-
nia also show impaired performance on conditional associa-
tive learning tasks (Gold et al. 2000; Kemali et al. 1987;
Rushe et al. 1999), which require them to use feedback to
learn one-to-one stimulus-response mappings. There is also
relatively strong evidence that patients with schizophrenia
have deficits in the ability to use feedback to make rapid
adjustments to behavior in an adaptive way (as is required
for tasks such as reversal learning). These results have been
interpreted as pointing to a reduced ability of prefrontal
cortical (PFC) processes to contribute to reinforcement
learning, especially the ventral, or orbital, regions of PFC.

Beginning in the late-1980s and early-1990s, new
evidence of multiple systems for learning and memory
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began to inspire attempts to identify learning capacities that
might be unaffected by schizophrenia. Motivated by
findings of relatively intact non-declarative, or implicit,
learning abilities in amnesic individuals with extensive
medial temporal lobe damage, researchers tested the
hypothesis that implicit aspects of learning might also be
relatively spared in schizophrenia, thereby evaluating the
adequacy of a medial temporal lobe model of schizophrenia
memory performance across declarative and implicit mem-
ory systems. In general, implicit learning processes are
thought to occur without access to consciousness, operating
largely independently of frontal-hippocampal systems sup-
porting declarative memory (Seger 1994), and are thought
to depend critically on the intact functioning of the basal
ganglia.

It is clearly not the case, however, that patients with
schizophrenia show consistently intact performance on all
tasks considered to be probes of implicit learning. Further,
this literature is marked by contradictory findings across
laboratories from many individual paradigms. Thus, patient
performance on supposed implicit learning paradigms is
influenced by the details of implementation, the demands
that are placed on other cognitive systems in order to
perform the tasks, the characteristics of the patient and
control samples, and numerous other factors. In this section,
we discuss the possible roles of these factors, offer a
principled explanation of why patients with schizophrenia
may show evidence of intact implicit learning under some
circumstances but not others, and identify specific aspects
of reinforcement processing and learning that may be
preserved in the illness.

One area where patients may have produced a relatively
consistent pattern of results is in the domain of unsuper-
vised learning tasks. These are implicit learning tasks that
do not require the integration of trial-by-trial feedback at
all, involving incidental learning through repeated stimulus
exposures or repeated performance of specific motor
sequences or routines. Such tasks include artificial grammar
learning (Danion et al. 2001; Horan et al. 2008), mirror
reading (Takano et al. 2002), target tracking on the pursuit
rotor task (Goldberg et al. 1993; Kern et al. 1997; Wexler et
al. 1997), and some tests of prototype-based classification
(Keri et al. 2001). These sorts of processes do not appear to
rely on hippocampal-dependent explicit memory processes
or dopaminergic/prefrontal cortical mechanisms of
prediction-error signaling, thought to be disrupted in
schizophrenia/acute psychosis (Corlett et al. 2007; Heckers
2001; Murray et al. 2007). Note that patients may not fully
match normal performance levels on these tasks but often
show the same learning slope as controls over increasing
task exposure. It remains unclear if the performance gap
between groups is due to limitations in perceptual and
motor processes required to execute the task or a subtle
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compromise in the early phases of learning that may
involve declarative systems.

Between reinforcement learning tasks dependent on
explicit memory and unsupervised learning tasks are a
range of tasks involving the use of feedback to guide the
learning of procedures believed to rely largely on the basal
ganglia. Examples of these include Serial Response Time
(SRT) tasks, the Rutgers Acquired Equivalence Task (S-R
learning), the Chaining Task, information-integration clas-
sification learning tasks, and probabilistic stimulus-
selection, or probabilistic response-learning tasks. Tasks
like these generally present difficulty for patients suffering
from Parkinson’s disease (Ashby et al. 2003; Shohamy et
al. 2005; Siegert et al. 2006) and Huntington’s disease
(Saint-Cyr et al. 1998; Bylsma et al. 1990; Gabrieli et al.
1997), neurological disorders that involve basal ganglia
dysfunction (Cepeda et al. 2007; Smith et al. 2009).

Results from studies of schizophrenia patients, using
most of these tasks, are mixed. One particularly dramatic
example comes from the numerous studies done in
schizophrenia patients using SRT tasks (Nissen and
Bullemer 1987). These tasks typically involve having
subjects observe a screen with four spatial locations, one
of which is highlighted on a given trial. Subjects are
prompted to respond as quickly and accurately to the
highlighted location by pressing a compatible button on a
response box. On some sets of trials, location selection
occurs in a particular sequence (unbeknownst to the
subject); during other sets of trials, locations are highlighted
in a pseudo-random order. A subject’s ability to accelerate
his/her response times when location selection is guided by
an underlying sequence is a measure of motor/procedural
learning. From studies of SRT-task performance in schizo-
phrenia patients, examples exist of both apparently dis-
rupted learning (Kumari et al. 2002; Pedersen et al. 2008;
Schwartz et al. 2003) and seemingly intact learning (Foerde
et al. 2008; Perry et al. 2000; Stevens et al. 2002). In fact,
Manoach et al. (2004) observed that patients and controls
showed similar initial acquisition performance on a finger
tapping motor sequence task, but that patients failed to
show the same overnight (sleep-dependent) improvement
on the task that controls did.

Another task that has been a source of mixed results in
schizophrenia patients is the Weather, or Probabilistic
Classification Task (PCT; Knowlton et al. 1994). In this
task, subjects are shown 1-4 cue cards that predict an
outcome (sun or rain) with some probability. Subjects are
prompted to guess the outcome, and are given feedback as
to whether they guessed correctly or incorrectly. Because
the task is probabilistic, people are thought to improve their
performance on this task in an implicit, procedural way,
without explicit knowledge of the individual contingencies.
Successful learning on this task has also been demonstrated
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in patients with medial temporal lobe damage, while basal
ganglia dysfunction, resulting from Parkinson’s Disease,
has been found to disrupt learning (Knowlton et al. 1996).

Multiple studies have included this task as a probe of
implicit learning abilities in schizophrenia. Some studies
(Keri et al. 2000; Weickert et al. 2002) have found evidence
of normal learning rates in SZ patients, while others
(Foerde et al. 2008; Horan et al. 2008) have not. Differ-
ences among the findings of these studies could be due to
details of implementation and analysis. Importantly, Foerde
and colleagues (2008) note that, although patients and
controls show similar learning rates on the PCT in previous
studies (Keri et al. 2000; Weickert et al. 2002), patients
never achieved the same level of performance as controls.
Foerde et al. (2008) contrast the impaired performance of
SZ patients on their version of the PCT, with their finding
of intact performance on the SRT, concluding that impaired
performance on this task in schizophrenia may reflect
relatively greater dysfunction of the more cognitive, as
opposed to more motor, components of the neostriatum (see
Middleton and Strick 2000, e.g., for a review).

One possible explanation for the apparent range of
performance in SZ patients is that it is likely the case that
all such tasks involve both the implicit and explicit systems
to varying degrees and at various stages of performance
(Atallah et al. 2004). In fact, the PCT has been subjected to
detailed analyses (Gluck et al. 2002), revealing that
declarative memory and conscious awareness make greater
contributions to successful performance on these tasks than
originally believed. Thus, patients with schizophrenia may
be most successful in performing implicit learning tasks
that place the least demands on explicit memory, such as
unsupervised tasks, or motor learning tasks. Consistent with
this formulation, Heerey et al. (2008) observed that patients
with schizophrenia acquired a normal reward-seeking
response bias on a difficult perceptual discrimination task
where explicit knowledge was systematically assessed after
the task was completed. Patients were fully unaware of
task-reward contingencies yet showed a clear preference for
the more frequently rewarded stimulus.

Aside from the characteristics of the tasks themselves, it
is evident that the characteristics of subject samples
influence the conclusions that are drawn about the overall
performance of a patient group on these tasks. First, there is
suggestive evidence that different antipsychotic medica-
tions differentially affect performance on procedural learn-
ing tasks in patients with schizophrenia. Indirect evidence
of an influence of D2-receptor-blocking antipsychotic drugs
on procedural learning comes from a variety sources. There
is some evidence that procedural learning impairments may
be relatively mild in neuroleptic-naive patients (Scherer et
al. 2003). Furthermore, at least one study has observed a
correlation between chlorpromazine-equivalent doses of

antipsychotics in patients and procedural learning perfor-
mance, as assessed using the Rutgers Acquired Equivalence
Test (Face-Fish Task; Keri et al. 2005), while another
(Paquet et al. 2004) has found evidence of a correlation
between procedural learning and D2-receptor occupancy,
using SPECT.

Several studies have contrasted performances of patients
on first-generation antipsychotics (FGAs) with those on
second-generation antipsychotics (SGAs), although patients
in these studies were never randomly assigned to drug.
Both Scherer et al. (2004; using a mirror-drawing task) and
Stevens et al. (2002; using an SRT task) found that patients
on FGAs performed significantly worse than patients on
SGAs. These findings fit with the observation of Foerde et
al. (2008) that deficits in performance on SRT tasks have
been observed largely in samples predominantly treated
with FGAs (Schwartz et al. 2003). In their own study
(Foerde et al. 2008), as well as another in which patients
were predominantly treated with SGAs (Perry et al. 2000),
patients and controls showed similar learning rates across
the session.

In a study comparing the effects of first- and second-
generation antipsychotics on reinforcement learning perfor-
mance, Beninger and colleagues (2003) found that patients
on FGAs showed considerably worse performance on the
PCT than those on SGAs. By contrast, Beninger et al.
(2003) found that SGAs seem to adversely affect perfor-
mance on a supposed probe of ventral PFC function, the
Iowa Gambling Task (Bechara et al. 1994). These authors
concluded that the comparatively-low affinity of SGAs for
striatal D2 receptors may have led to a sparing of
procedural learning abilities, whereas the comparatively-
high affinity of SGAs for serotonin receptors (possibly in
the PFC) may have affected learning mechanisms depen-
dent on ventral PFC.

Thus, multiple examples exist of relatively worse proce-
dural learning in patients medicated with more potent D2-
antagonists. These results are consistent with findings from
the experimental psychology literature, in which the admin-
istration of potent D2-antagonists to healthy volunteers leads
to reductions in learming performance (Pessiglione et al.
2006). Are procedural learning mechanisms largely unaffect-
ed by SGAs? This appears unlikely, though SGAs may also
vary in their impact on reinforcement learning, as they vary
in their affinities for dopamine receptors. Sweeney and
colleagues (Harris et al. 2006), for example, have found that
oculomotor response learning is not impaired in neuroleptic-
naive schizophrenia patients, although a deficit emerges after
stable treatment with risperidone. By contrast, Exner and
colleagues (2006) found that patients who showed a
deficit on an SRT task while acutely psychotic actually
showed normal performance at a 20-month follow-up, at
which point they were stably-medicated. Thus, easy

@ Springer



Neuropsychol Rev

generalization across studies is difficult as treatments
have not been randomly assigned and it is difficult to
disentangle state-related clinical factors from the impact
of different compounds. That said, it appears likely that
some of the studies reporting impaired implicit learning
in patients may be explained on the basis of very high
levels of D2 blockade.

Second, clinical subtype also seems to play a role in
determining how preserved implicit learning capacities are in
schizophrenia patients. Such a relationship fits well with the
idea that negative symptoms in schizophrenia stem primarily
from motivational deficits (Foussias and Remington 2008).
An important relationship between motivational deficits
in schizophrenia patients and their abilities to use
reinforcement to learn and guide future behavior makes
a great deal of intuitive sense, and the critical
implication would be that procedural learning abilities
would be most impaired in patients with more severe
negative symptoms (and more preserved in patients with
predominantly positive symptoms).

There is some correlational evidence that this may be the
case. Our group (Waltz et al. 2007), for example, observed
a significant correlation between acquisition performance
on the PSS and patients’ total scores from the SANS.
Furthermore, Keri and colleagues (Farkas et al. 2008;
Polgar et al. 2008) found that deficit syndrome patients
showed greater impairment than non-deficit patients on two
separate measures of procedural learning. Such correlations,
while suggestive from a theoretical point of view, are not
consistently found (across laboratories and experimental
paradigms), however, and are often moderate when they are
observed (see Gold et al. 2008 for discussion).

Evidence of normal procedural learning does not
necessarily imply normal basal ganglia function is schizo-
phrenia. In fact, there is some direct evidence from
neuroimaging studies (Kodama et al. 2001; Reiss et al.
2006; Weickert et al. 2009) that normal learning in patients
with schizophrenia is sometimes accompanied by abnormal
brain activity, including in the basal ganglia. Evidence of
striatal abnormalities also comes from PET studies of
never-medicated patients (Buchsbaum et al. 1992; Rubin
et al. 1991), suggesting that striatal abnormalities are not
simply a consequence of medication. Thus, patients with
schizophrenia may use a variety of mechanisms to achieve
performance improvement on putative implicit memory
tasks, and it is possible that patients rely on neural
substrates outside of the neostriatum in accomplishing
supposedly BG-dependent learning tasks, or alternatively,
rely on different striatal mechanisms than do controls to
reach the same level of learning.

Our group (Waltz et al. 2007), for example, has found
that patients may be able to use negative feedback to
accomplish procedural learning, even when the ability to
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use positive feedback to drive learning seems disrupted.
Specifically, using Frank’s Probabilistic Stimulus Selection
task (Frank et al. 2004), we observed that patients did not
differ from controls in their tendency to avoid a frequently
punished stimulus in novel pairings with less-frequently-
punished stimuli, although patients exhibited a reduced
tendency to choose a frequently rewarded stimulus in novel
pairings with less-frequently-rewarded stimuli (Waltz et al.
2007). These findings contribute to evidence of a dissoci-
ation between processes underlying reward-driven “Go”
learning and those punishment-driven “NoGo” learning.

Recent physiological evidence from our group (Morris et
al. 2008; Waltz et al. 2008) further suggests that patients’
sensitivity to negative prediction errors (unexpectedly
aversive outcomes) may be, at most, mildly disturbed,
whereas their sensitivity to positive prediction errors
(unexpectedly pleasant outcomes) may be severely attenu-
ated. Our findings are also consistent with reports that
patients show relatively normal post-error slowing on
learning tasks (Laurens et al. 2003; Mathalon et al. 2002;
Polli et al. 2006), as well as relatively normal error
correction when demands on explicit memory are low
(Kopp and Rist 1994; Kopp and Rist 1999; Polli et al.
2006). By contrast, patients show reduced facilitation under
conditions of reduced response conflict (Kopp et al. 1994,
Maier et al. 1994), consistent with abnormal response
potentiation or “Go” learning.

Behavioral-genetic (Frank et al. 2007; Klein et al. 2007)
and pharmacological studies (Frank and O’Reilly 2006;
Pessiglione et al. 2006) indicate that reward-driven (Go)
learning and punishment-driven (NoGo) learning may be
linked to transmission at different dopamine receptors types
(D1 vs. D2). In the case of schizophrenia, intact
punishment-driven “NoGo” learning in SZ would be
suggestive of intact (or restored) D2-receptor function.
Impaired reward-driven “Go” learning in SZ would be
point to still-dysfunctional D1-receptor function.

Even while acknowledging that findings in the proce-
dural memory domain are far from uniform, it remains the
case that the frequent demonstrations of performance
improvement using a variety of implicit memory tasks
stand in sharp contrast to the seemingly consistent picture
of profound deficits on tasks of verbal and working
memory, which are dependent on fronto-hippocampal
neural systems. This dissociation is recapitulated by the
often-intact ability of patients to gradually acquire contin-
gencies, despite a clear deficit in the ability to do rapid
reinforcement learning over the course of one or two trials
in the context of tasks such as the WCST, Conditional
Associative Learning, and Probabilistic Reversal Learning,
etc. Within the procedural task catalog, there is suggestive
evidence for maximal sparing of tasks that require the
development of a motor or perceptual skill, in the absence
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of explicit knowledge, or the explicit representation of
feedback from single trials. Impaired performance is more
likely to be observed on tasks that benefit from the ability
to generalize from positive reinforcement, or tasks where
explicit memory for reinforcement contingencies can boost
early learning, such as on the PCT. Thus, the overall pattern
of findings in this literature argues against the presence of a
large, undifferentiated generalized deficit.

Emotional Processing

While emotional processing is clearly a different domain
than cognitive performance as assessed on most clinical
measures, it is plausibly relevant to the concept of the
generalized cognitive deficit for several reasons. First,
impairments in motivation are often discussed as potentially
underlying global cognitive deficits. In essence, the
suspicion is that patients fail to exert an adequate level of
effort while performing taxing cognitive tasks due to a lack
of engagement with the testing situation or lack of concern
over the adequacy of their performance. However, little
empirical work has examined the effects of motivational
processes on cognitive performance in schizophrenia to
establish the claim that cognitive impairment can be
attributed in part to poor effort. A recent study by Barch
et al. (2008) examined the relationship between cognitive
impairment and self-reported intrinsic motivation and found
no support for the notion that cognitive deficits are simply
byproducts of decreased motivation to perform well.
Second, there is an increasing appreciation of the interac-
tive nature of cognitive and affective processes, and that
deficits in affective processes could result in impaired
cognitive performance. For example, anhedonia is consid-
ered to be a central clinical feature of the illness,
particularly in patients with negative symptoms, and has
also been studied as a potential marker of schizophrenia
liability (Chapman et al. 1976). The importance of
anhedonia for motivation is straightforward: if achieving
behavioral goals does not result in the experience of
pleasure, then there is little reason for vigorous pursuit of
such goals. Insofar as cognitive tasks offer the opportunity
for a sense of mastery and self-efficacy that is normatively
experienced as being pleasurable, then a reduction in the
capacity to experience pleasure would be expected to
undermine performance. In order for this type of affective
impairment to be responsible for the generalized cognitive
deficit observed in schizophrenia, one would think that the
impairments would need to be of substantial magnitude and
impact basic hedonic processing.

Although affective impairment (e.g., anhedonia) has
long been considered a core clinical feature of schizophre-
nia, there is surprisingly little empirical evidence that
individuals with the illness experience pleasant stimuli as

being less pleasant than healthy controls. A variety of
laboratory-based paradigms and stimulus types have been
used to elicit emotional experience, including facial
expressions, evocative photographs, film clips, valenced
words, odors, food, drinks, and social interactions (for
review see Kring & Moran 2008). These studies typically
record valence (i.e., pleasantness) and arousal (i.e., inten-
sity) levels evoked during stimulus exposure, or require
participants to complete a comprehensive mood question-
naire before and after a block of stimulus presentations.
Remarkably, in the clear majority of these studies, across
these varied stimulus types and paradigms, individuals with
schizophrenia report experiencing levels of valence and
arousal that are remarkably and surprisingly similar to those
of healthy controls when responding to positive stimuli.
Only a small minority of studies have reported that patients
rate pleasant stimuli as being less pleasant than controls.
Furthermore, patients also generally do not differ from
controls in rating the valence and arousal of negative stimuli.
Thus, patients do not appear to display a deficit in the ability
to appropriately experience hedonic and aversive emotions
when presented with pleasant and unpleasant stimuli.
Several factors may call the validity of these laboratory-
based findings into question. First, the majority of
laboratory studies have been relatively underpowered and
included smaller sample sizes that would make all but large
effects undetectable. Second, there is significant variability
in patient characteristics, such as gender composition,
whether patients are medicated vs. unmedicated, and
inpatient vs. outpatient status. Third, task instructions,
stimulus type, and rating scale methods have been
inconsistent across studies. Finally, it is simply hard to
believe that patients do not have a phenomenologically
attenuated experience of pleasure given the large number of
studies documenting diminished experience of positive
emotion using clinical interviewing procedures, trait ques-
tionnaires, and naturalistic experience sampling methods.
However, a recent meta-analysis of the laboratory-based
emotional experience literature, which looked at 26
published studies, systematically examined the influence
of such factors (Cohen & Minor 2009). Results of the meta-
analysis indicated that: 1) patients did not evidence a
hedonic deficit relative to controls (i.e., patients reported
experiencing similar levels of pleasure in response to
pleasant stimuli), 2) patient self-report did not differ as a
function of clinical characteristics, gender, or antipsychotics
medication use, and 3) stimulus type, task instructions, and
rating scale procedures did not differentially influence
patient performance. Thus, even though it stands in sharp
contrast to years of clinical lore, the rapidly growing body
of laboratory-based studies examining evoked emotional
response shows no consistent support for a decrement in the
momentary experience of emotion in schizophrenia.
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Psychophysiological measurement provides another
means of assessing the integrity of affective response in
relation to positive and negative stimuli, as well as
additional support for the notion that momentary affective
response is preserved in schizophrenia. It is now widely
documented that the startle reflex is modulated by stimulus
valence. Specifically, when shown a series of emotionally
evocative pictures, healthy individuals consistently show a
pattern of startle response that varies by stimulus valence,
whereby unpleasant stimuli yield a larger blink response
than neutral stimuli, which in turn elicit a greater response
than pleasant stimuli (Bradley et al. 1993; Bradley et al.
2001; Lang et al. 1990). It has been proposed that startle
potentiation evoked by unpleasant stimuli reflects an
activation of the defensive motivational system, whereas
the blink response is inhibited during the presentation of
pleasant stimuli when the appetitive motivational system is
presumed to be active (Bradley et al. 2001). In the three
studies published to date examining affect modulation of
startle in schizophrenia, all report that patients display
normal startle modulation in response to pleasant and
unpleasant photographs when stimuli are presented at
relatively longer viewing periods (Curtis et al. 1999;
Schlenker et al. 1995; Volz et al. 2003). Volz et al. (2003)
added a novel manipulation to the startle paradigm,
measuring blink reflex in both early (e.g., 150-300 ms)
and later (e.g., 3,800 ms) viewing periods, and found that
probes presented relatively early in picture viewing poten-
tiated startle response for unpleasant stimuli in healthy
controls but not patients. These findings suggest that
schizophrenia patients may display a delayed autonomic
response to unpleasant stimuli, potentially resulting from
deficient information transfer within amygdala circuitry and
subordinate structures, which regulate the defensive moti-
vational system. It therefore appears that there is normal
affective modulation of the startle response in individuals
with schizophrenia for both pleasant and unpleasant stimuli,
but that the startle reflex may be delayed in response to
unpleasant stimuli. Thus, studies examining affect-
modulated startle are generally consistent with laboratory-
based self-report studies indicating that patients display a
normal response in relation to affective stimuli.

Although there is consistent evidence that individuals
with schizophrenia have normal evoked response to
emotional stimuli, it has become apparent that they may
have difficulty using that experience to motivate an
appropriate behavioral response (Gold et al. 2008). Our
group explored this issue by examining the association
between wanting (i.e., the extent to which patients put forth
effort to seek or avoid stimulus exposure) and liking (i.e.,
the degree to which patients rated stimuli as pleasant or
unpleasant) using a key-press procedure that allowed
participants to press a button to indicate the extent to
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which they wanted to seek or avoid future stimulus
exposure. The procedure was performed both during
(evoked responding) and after (representational responding)
stimulus exposure to determine whether behavior differed
when patients were required to form a working memory
representation of stimulus value. Results indicated that
although patients did not differ from controls in their
subjective rating of affective stimuli, they showed weaker
correspondence between their volitional motor behavior
and affective ratings than controls. Additionally, the effect
was magnified during the representational relative to the
evoked condition. These findings suggest that even when
affective values are assigned in a normative fashion, these
assignments have reduced impact on the modulation of
motivated behavior in patients with schizophrenia, poten-
tially due in part to difficulty generating, accessing, or
maintaining internal representations of affective value
(Heerey & Gold 2007). Thus, even though patients may
adequately experience emotion in the moment, cognitive
factors mediate the extent to which patients are able to
couple affect and behavior (Barch 2005).

In addition to studies investigating emotional experience,
there is also a significant literature indicating that patients
demonstrate both preserved performance and impairment
on tasks that examine the interaction between cognitive and
affective processing. Evidence for impairment exists on
tasks that require processing facial expressions of emotion
(Edwards et al. 2002; Hooker & Park 2002; Kohler et al.
2000; Martin et al. 2005; Mueser et al. 1997; Salem et al.
1996), interpreting the valence of affective speech produc-
tions (Bozikas et al. 2004; Edwards et al. 2001; Fricchione
et al. 1986; Murphy & Cutting 1990), integrating audio-
visual emotion productions (de Gelder et al. 2005; de Jong
et al. 2009), and automatically processing emotional stimuli
(Epstein et al. 1999; Fear et al. 1996; Strauss et al. 2008;
Suslow et al. 2003a,b, 2005).

Studies on emotional memory have shown mixed results,
with some evidence for preserved function when memory is
assessed at shorter delay intervals (e.g., 4 hrs.) and some
evidence for impairment at intervals of a much longer delay
(e.g., 24 hrs.) (for a review see Herbener 2008). Matthews
and Barch (2004) examined immediate verbal recall and
recognition for emotional and neutral words after an
incidental encoding task (word ratings), and found that
patients displayed generally poorer recall ability, but no
evidence for a different pattern of performance across
valence conditions. Horan et al. (2006), presented patients
and controls with a series of pleasant and neutral stimuli
and asked them to rate their level of evoked emotional
experience. After a four-hour delay period, participants
were given an unannounced recall task where they were
asked to indicate how they felt while previously being
exposed to each stimulus. Results indicated that, although
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substantially anhedonic as determined through clinical
rating, patients did not report experiencing less positive
emotion in the moment, nor did they recall their experience
of the stimuli as being any less pleasant than they did at
initial presentation. Contrary findings have been reported
by Herbener et al. (2007) who presented patients and
controls a series of positive, negative, and neutral images,
required participants to indicate how emotionally intense
each image made them feel, and then complete an
unannounced recognition session after a 24-hour delay.
Results indicated that although patients did not show an
attenuated experience of positive emotion during initial
stimulus exposure, they failed to show the same enhance-
ment for positive stimuli that was found for controls after a
24-hour delay, ostensibly indicating a failure to integrate
positive emotional experiences into the memory consolida-
tion process. Herbener (2009) has followed-up on these
findings with an implicit preference conditioning task,
which associates different abstract stimulus patterns with
different reward frequencies, and tested preference for the
patterns both after an immediate and 24-hour delay.
Immediately after training, both patients and controls
showed a preference for selecting more frequently rewarded
stimuli over less frequently rewarded stimuli; however,
after the 24-hour delay, controls continued to prefer the
more often rewarded patterns over the less rewarded ones,
while patients did not. Thus, although findings in this area
are mixed, there is evidence that patients are capable of
initially learning and experiencing emotional stimuli ap-
propriately, but that they are unable to retain this informa-
tion in long-term memory after a 24-hour delay.

In summary, the literature on affective disturbance in
schizophrenia provides striking evidence for areas of
normality, as well as areas of impairment, thereby resem-
bling the attention and reinforcement learning literatures
discussed above. Given the consistent evidence of normal
evoked emotional experience in schizophrenia, we specu-
late that it is unlikely that affective disturbances could be
the mechanism that is responsible for the gross cognitive
deficits documented in the neuropsychological literature.
Further, as with the attention and reinforcement learning
literatures, the evidence of areas of spared performance is
inconsistent with the hypothesis that cognitive and affective
processes in schizophrenia are simply impaired in an
undifferentiated and generalized fashion.

Discussion

The demonstration of islands of preserved performance in
schizophrenia is important for several reasons. First, this
type of evidence should serve to constrain the understand-

ing of the general cognitive deficit that has been amply
documented in the neuropsychological literature: not every
form of cognition is equally impaired in schizophrenia and
some cognitive processes may function fairly normally.
Further this type of evidence undermines the claim that
patients generally perform poorly on tests due to inadequate
effort: they don’t always perform poorly. It may be
tempting to dismiss some of this evidence as simply being
the result of small underpowered studies, quirky paradigms,
or plain bad luck in sampling. While possible, such
explanations seem very unlikely. For example, the evidence
for largely intact emotional experience comes from a large
body of studies using a variety of converging methods. Our
evidence for intact attentional selection for working
memory storage came from four converging experiments,
while evidence for intact speed of attention shifting has come
from converging behavioral and electrophysiological experi-
ments. The evidence suggesting relative sparing of aspects of
gradual learning comes from multiple studies using very
different methodologies. Thus, the evidence base for
selective sparing is actually surprisingly large in certain
areas, and given the “file-drawer” problem, we suspect it is
much larger than it appears in the published literature.

Alternatively, one might dismiss the evidence as simply
comprising of oddball, splinter-skills and abilities that are
not terribly important for everyday cognitive function or
irrelevant for current thinking about the nature of impair-
ment in schizophrenia. In our view, it is difficult to justify
such a blanket dismissal. Some of the abilities that appear
to be spared in schizophrenia are in areas where many have
argued for impairments. For example, we fully expected
that patients would be unable to selectively encode for
working memory storage hypothesizing that this type of
goal-driven selection would be impaired as part of the
broader executive control impairment thought to be
characteristic of the illness. Indeed, we were motivated to
do multiple experiments because the results from our initial
experiment were so unexpected. However, the value of
such unexpected findings is that it forces a greater degree of
precision in conceptualizing the nature of cognitive impair-
ment in schizophrenia and opens up new areas of
experimental work. Similarly, the fact that some forms of
gradual learning guided by reinforcement may be spared, as
is evoked emotional responding, should serve to modify
any straightforward linkage of amotivation and a disruption
of reward sensitivity and ability to learn from outcomes.
Minimally, the findings in these latter two areas suggest that
impairments, if observed, are likely limited to distinct
subpopulations of patients and are not characteristic of the
illness per se. This evidence should also serve to constrain
some of the biological explanations offered for the general
deficit: it must be able to explain areas of sparing in a
principled fashion.
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Second, the appearance of the general deficit may be a
function of assessment approach. That is, the general deficit
appears to be a highly reliable and robust result when
measurement approaches that have predominated in the
clinical neuropsychological literature are used to evaluate
cognitive function. By contrast, methods inspired by
cognitive neuroscience appear more likely to yield evidence
of selective impairments as well as areas of preserved
function. Our focus here is on the possible implications of
the observations of preserved function.

There may be an important signal about the nature of
cognitive impairment in schizophrenia in these contrasting
findings as a function of measurement approach. In many
clinical neuropsychological tests, multiple cognitive pro-
cesses are queried simultaneously. For example, in Digit
Symbol type tasks, performance requires working memory
of the symbol linked to the target response, shifts of visual
attention through the series of cues, and programming and
execution of the grapho-motor response. In addition, task
performance requires substantial interference control to
manage previously primed motor responses. These process-
es must be rapidly sequenced and coordinated. Impairment
or slowing in any one of these processes, or the
coordination of these processes could serve to degrade
performance. Thus, in one task, requiring only a couple of
minutes to administer, multiple processes, subserved by
multiple, widely distributed neural systems are interrogated.
This type of cognitive complexity characterizes many
clinical neuropsychological tests. This likely serves to
increase the sensitivity of these tests to detect many
different types of impairments while simultaneously serving
to reduce interpretive specificity, as it is not possible to
isolate the role of any of the specific processes.

In contrast to common off the shelf clinical neuropsy-
chological assessment methods that have been the main-
stays of schizophrenia research, most cognitive neuroscience
approaches strive to isolate specific functions, building upon
the findings established in the experimental neuropsycho-
logical research tradition. This is achieved in a variety of
ways. For example, in the Posner visual orienting paradigm
the perceptual and response selection demands of the task are
minimal, and the target luminance increment is salient and
serves to attract attention in a largely automatic fashion,
reducing the role of strategy differences between individ-
uals that often emerge in less structured task environments.
When queried this way, patients with schizophrenia appear
to shift attention in a largely normative fashion, in marked
contrast to results observed on the Trailmaking Test, often
considered a measure of processing speed and attentional
shifting. Trailmaking, however, assesses attentional shifting
while also demanding working memory and graphomotor
speed. This would suggest that the patient impairment on
Trailmaking is likely attributable to impairments in these
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later two processes, or the need to integrate the multiple
processes that are involved in task performance.

A similar argument can be made on the nature of the
processing speed impairment observed on Digit Symbol
type tasks. Perhaps the simplest interpretation of this
observed deficit is that it implies that multiple processes
are slowed in schizophrenia. However, we have observed
that the speed of attentional shifting, one of the key
demands of the task, appears to be normal using both
behavioral and electrophysiological methods (Luck et al.
2006). Thus, it is simply not viable to assert that all
processes involved in Digit Symbol are slowed. However, it
is clearly the case that when many such processes need to
be integrated behavioral slowing is marked.

While speculative, it appears that the need to integrate
multiple distributed processing streams, many of which are
being challenged by task demands, is a feature of many
neuropsychological tasks. Without doubt, many cognitive
neuroscience methods also assess multiple processing
streams. However, most tasks are designed for maximizing
stress specific processes while minimizing the challenge to
other systems. Thus, the integrative challenge posed by the
two methods appears to be different. When an impaired
process is required, and specifically challenged, to meet a
cognitive neuroscience task demand, impaired performance
is to be expected. However, when an unimpaired process is
isolated (such as speed of attention shifting, certain forms
of reinforcement learning, or evoked emotional responsiv-
ity), and the role of other systems has been minimized,
islands of preserved function, such as we documented
above are likely to emerge. We acknowledge that the
sparing of function in patients may not always be evident in
fully normal performance levels. However, for patients to
perform at even approximate normal levels is noteworthy
and stands in sharp contrast to the magnitude of deficits
encountered in the clinical neuropsychology literature.

If the cognitive impairments in schizophrenia are limited
to focal processes, then there is every reason to be
optimistic that the widespread adaptation of cognitive
neuroscience methods will yield a new, more molecular
understanding of the disorder. Indeed, the recent NIMH
initiative to evaluate the translation of basic cognitive
neuroscience paradigms for use as endpoints in clinical
trials suggests that this perspective is at the leading edge of
the field (Barch et al. 2009). Implicitly, the field has adopted
the specific deficits have general consequences viewpont.
However, if the illness more critically involves the ability to
mobilize and coordinate widely distributed networks, then
cognitive neuroscience methods are likely to miss the signal
that has been amply documented using clinical neuropsy-
chological methods, unless they specifically target such
coordination demands. That is, many available clinical
neuropsychological assessment approaches unintentionally
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stress coordinated processing, whereas cognitive neurosci-
ence methods typically seek to minimize this demand.
Interestingly, there may be one important exception to this
formulation. The cognitive control functions of the prefron-
tal cortex are necessarily implemented through the modula-
tion of other cognitive systems. That is, cognitive control
necessarily requires the coordination of widely distributed
networks. Thus, it is possible that the appearance of a
specific, focal deficit in prefrontal control systems, a deficit
that is the focus of much contemporary research, could
actually be the result of a far more general problem. To use a
metaphor, cognitive control deficits could simply be the
visible tip of a much larger cognitive coordination iceberg
(Phillips & Silverstein 2003). In essence, a deficit in broader
cognitive coordination could easily be most manifest as a
failure in prefrontal control processing, or be the manifest
evidence of subtle impairments in multiple cognitive
processes (Goldberg & Bilder 1987). Alternatively, pre-
frontal control deficits might be truly a specific deficit with
general consequences, affecting the ability to coordinate
distributed processing streams, and it will take further
research to decide between these accounts (Yoon et al. 2008).

After the last decades of research on cognitive dysfunc-
tion in schizophrenia, the catalog of impairments docu-
mented in the literature is voluminous and the significance
and specificity of additional entries to the catalog are
increasingly difficult to evaluate. We do not mean to
suggest that the pursuit of evidence of specific and
differential impairments using methods that could support
such claims is unimportant or may not provide new
leverage on understanding the disorder. However, it is our
view that documenting areas of preserved cognitive
function in schizophrenia may be more theoretically
informative than simply enlarging the catalog of deficits.
Areas of normal performance present a difficult interpretive
challenge in light of the number and magnitude of impair-
ments documented in the literature, and may serve to lead
to more precise hypotheses about the nature of cognitive
impairment in schizophrenia. Expanding the catalog of
preserved function in schizophrenia can serve a clear useful
role in establishing the inconvenient findings that are in
need of explanation, and serve as powerful constraints on
the translation of the clinical implications of biological and
genetic findings. Further, accounting for such findings will
require a greater degree of theoretical precision than is
common in the current literature. Any theory that can
generate testable and falsifiable hypotheses about areas of
spared and impaired function could help push the field in a
principled fashion. While difficult to test with available
methods, we hypothesize that the apparent contradiction
between evidence of generalized dysfunction that emerges
from the clinical neuropsychological tradition and the
emerging evidence for a mix of spared and impaired

functions that is coming from cognitive neuroscience
inspired methods may reflect the different demands these
two assessment approaches put on the need to coordinate
the function of different processing streams—a demand
maximized in the former and minimized in the latter
approach. It appears that the illness-related deficit emerges
most reliably when the demand for coordination is
maximized. To test this idea, it will be necessary to develop
novel experimental methods that can operationalize and
parametrically vary this construct in an explicit fashion.
Thus, it appears likely that an inference that emerges from
the clinical neuropsychological tradition will require the use
of novel methods from cognitive neuroscience to be
empirically validated.
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