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Abstract
This paper summarizes the discussions regarding animal paradigms for assessing perception at the
seventh meeting of the Cognitive Neuroscience Treatment Research to Improve Cognition in
Schizophrenia (CNTRICS). A breakout group at the meeting addressed candidate tests in animals
that might best parallel the human paradigms selected previously in the CNTRICS program to
assess two constructs in the domain of perception: gain control and visual integration. The
perception breakout group evaluated the degree to which each of the nominated tasks met pre-
specified criteria: comparability of tasks across multiple species; construct validity;
neuroanatomical homology between species; and dynamic range across parametric variation.
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1. Overview of CNTRICS requirements for animal models and measures of
perceptual processing in schizophrenia
Perception

The purpose of this overview is to summarize the discussion of the breakout group on
perception from the recent meeting of the Cognitive Neuroscience Treatment Research to
Improve Cognition in Schizophrenia (CNTRICS). Discussion addressed the relative
strengths and weaknesses of current animal models of perception in the context of the two
prior reports of CNTRICS consensus findings on this topic (Butler et al., 2012; Green et al.,
2009). Within this meeting the aspects of perception reviewed were “gain control” and
sensory integration of visual stimuli. Each nominated test was evaluated with respect to a
standardized set of translational criteria including:

1. The extent to which comparable data exist across multiple species;

2. Construct validity;
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3. Neuroanatomical homology between species; and

4. Dynamic range across parametric variation.

Gain control, as defined by the previous CNTRICS groups, refers to processes that enable
sensory systems to adapt and optimize their response levels to take into account their
immediate context, in order to make best use of a limited dynamic signaling range (Butler et
al., 2012). The committee made a distinction between the regulation of responses within the
immediate context, rather than evaluating mechanisms of long-term adaptation in such
functions. After substantial discussion, the majority opinion was that only tasks requiring
immediate regulation of a response owing to the immediate context were suitable as
translational measures of gain control. This feature was seen as a key requirement for the
definition of gain control. Three tasks were nominated and evaluated, including: (1) prepulse
inhibition of startle (PPI); (2) event related potential (ERP) amplitude; and (3) mismatch
negativity (MMN). Of these three paradigms, PPI and MMN were selected for inclusion into
the battery. PPI was considered to be a “mature” task, at least in animals, although one that
could benefit by further development in humans, especially in combination with imaging
approaches (Butler et al., 2012). MMN was highlighted as an area still in need of some
additional research and development. Despite differing opinions of the participants
regarding the applicability of ERPs to this construct, ERPs were eventually rejected from
inclusion in the battery owing to some members’ opinion that ERPs lack of specificity for
the construct of gain control. More specifically, amplitude of the N1 (N100 in a human or
N40 in a mouse) likely would be an excellent candidate due to the nearly perfect
correspondence for parametric and pharmacological response properties between species,
including gain control (Featherstone et al., 2012; Jutzeler et al., 2011; Maxwell et al.,
2004a,b; Metzger et al., 2007; Rudnick et al., 2010; Siegel et al., 2005). Alternatively, P1
amplitude and gating deficits (as measured with P50 in humans and P20 in mice) have
proven less reliable across both human and animal studies, reducing enthusiasm for this
particular measure as a true endophenotype of schizophrenia or as a valid animal model for
the disease (de Wilde et al., 2007a,b).

Integration is defined by CNTRICS as the processes linking the output of neurons – that
individually code local (typically small) attributes of a scene – into a global (typically
larger) complex structure more suitable for guidance of behavior (Butler et al., 2012). Two
tasks were nominated and evaluated with respect to this construct, including: (1) coherent
motion; and (2) contour integration. Discussion focused on unimodal, lower level sensory
integration as a perceptual measure rather than either context dependent or integration of
cross-modal stimuli. The group in general knew of no existing literature to support the use
of these paradigms in the rodent. This lack of knowledge accurately reflected the state of the
art as a comprehensive literature review since then has confirmed that very little has been
published on the use of these paradigms within the rodent. Accordingly, no task can be
included within a battery at this time. Nevertheless, the little work that is published suggests
that these tests can be ported to the rodent, and within the session the group thought that
touch-screen equipped operant boxes may serve as means to measure this construct within
the rodent. Nevertheless, a major concern expressed by the group was the degree to which
the visual cortex of the rodent would be analogous to the primate. As such, if these tasks of
visual perception can be used in the rodent it will also be necessary to confirm which
regions of the rodent visual cortex are activated to confirm the translational validity of the
approach.
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2. Gain control
2.1. Prepulse inhibition

Paradigm description—The inability to effectively attenuate the startle response when it
is preceded by a weak prepulse stimulus has been well documented in schizophrenia
patients, with observations dating as far back as 1978 (Braff et al., 1978). In the PPI
paradigm, subjects are exposed to a weak prestimulus followed 30–300 ms later by a
stronger startle stimulus that may be in the same or different modality (Hoffman and Ison,
1980). The response to the startle stimulus is measured as a whole-body movement in
animals or electromyographic measure of the eyeblink in humans and compared to the
startle response when no prestimulus is used. This difference provides a quantitative
measure of inhibition that is thought to reflect a subject’s sensorimotor gating ability (Braff
and Geyer, 1990). PPI of the startle reflex is a useful schizophrenia endophenotype for
several reasons, as summarized previously (Green et al., 2009). The PPI deficit that is
observed in schizophrenia patients correlates clinically to symptoms such as thought
disorder and distractibility (Turetsky et al., 2007). In their 2007 review, Turetsky et al. set
forth a battery of criteria by which to define an endophenotype. PPI satisfies these
requirements by being reproducible, highly heritable, and easy to measure. Reliability has
been demonstrated over intervals of several months, and PPI deficits in the unaffected
siblings of schizophrenia probands are demonstrative of a genetic basis for the effect. For
this reason, PPI emerged as a promising endophenotype for schizophrenia and is now widely
accepted as one potential means of assessing the genetic basis of the disease (Powell et al.,
2009).

Cross-species comparability—As with other measures using the startle response as a
read-out, there is considerable evidence for the homology of PPI across species, at least
within mammals.

One of the primary advantages of PPI is its ability to translate between mice, rats, and
humans, since it is one of the few tests that is largely conserved across all vertebrate species
(Geyer et al., 2002). PPI testing requires no training or special preparation of the subject,
and most setups are entirely automated. The ability to test multiple animals at once makes
the PPI paradigm relatively high throughput and therefore advantageous for basic science
related to understanding disease pathophysiology and treatment development.

An extensive literature details the effects of drugs and drug–drug interactions on PPI in
mice, rats, and humans, as summarized in previous CNTRICS reports (Butler et al., 2012;
Green et al., 2009) and prior reviews (Braff et al., 2001; Geyer et al., 2001). Despite the
strong evidence for genetic contributions to the PPI deficits seen in schizophrenia patients, it
is also clear that the PPI attenuation seen in schizophrenia patients is partially “state-
related.” Certainly, acute pharmacological agents modify PPI in humans as well as in
animals (Braff et al., 2001). Further it appears that atypical antipsychotic treatments are
associated with reduced PPI deficits in schizophrenia patients, although many studies report
deficient PPI in patients treated with typical antipsychotics.

In keeping with evidence for developmental abnormalities in schizophrenia, a variety of pre-
and post-natal manipulations in animals that have been considered potential models of the
developmental etiologies that contribute to the schizophrenias have been found to produce
deficits in PPI. These deficits typically emerge about the time of puberty in both rats and
mice and can be reversed by treatment with antipsychotics (Powell et al., 2009).
Furthermore, a number of genes have been linked to modulation of PPI using mutant and
inbred mouse lines. Rodents provide ideal models in which to study genetic variations
because PPI levels are known to differ from one strain to another in both rats and mice, but
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remain stable throughout multiple generations of the same strain (Turetsky et al., 2007).
Powell et al. (2009) provide a thorough review of the myriad of mutations that have been
linked to PPI deficits, including defects in the genes for proteins such as reelin, neural cell
adhesion molecule, and proline dehydrogenase. Mutations in the Fabp7 gene that lead to
alterations in the level of fatty acid binding protein found in the brains of schizophrenia
patients also lead to a deficit in PPI (Watanabe et al., 2007). Additionally, the altered PPI
levels seen in Huntington’s disease, fragile X syndrome, and DiGeorge syndrome suggest
that the genes responsible for these phenotypes may also help to regulate PPI (Geyer et al.,
2002).

Neuroanatomical homology—As discussed in the previous CNTRICS report on
perception measures (Butler et al., 2012), another advantage of PPI is that it is amenable for
study in functional MRI environments, using either blocked or single-trial designs. The
recently demonstrated ability to conduct simultaneous fMRI and electrophysiological
measures of startle behavior represents an approach that was recommended for further
development by CNTRICS (Butler et al., 2012). Although still limited in extent, the human
imaging studies of PPI already indicate that similar neuroanatomical substrates regulate
startle in rodents (Swerdlow et al., 2001) and humans (Kumari et al., 2003). This is an area
of research that warrants considerable further development to assess the parallels of the
human anatomical contributions to the extensive understanding of the complex circuitry that
is now known to mediate and modulate PPI in the rat.

Construct validity—The evidence for the validity of PPI as a measure of gain control is
thoroughly discussed in the two preceding reports on this topic from the CNTRICS initiative
(Butler et al., 2012; Green et al., 2009). In brief, PPI is an excellent example of how
immediately preceding stimuli alter the apparent gain in the ability of a sensory stimulus to
elicit a graded motor response. Accordingly, PPI is typically considered to provide an
operational model of sensorimotor gating.

Dynamic range—One of the major reasons that PPI has been such an effective paradigm
for explorations of pharmacological, genetic, and neurobiological phenomena is that it is
exquisitely sensitive and predictable in response to parametric manipulations. Very well
understood functions of PPI performance as related to manipulations of stimulus modality,
timing, intensity, and quality are evident in the literature. Furthermore, these parametric
features are very similar rodents and in humans (Swerdlow et al., 1994). Thus, investigators
are able to adjust parameters to ensure that floor and ceiling effects are avoided and to
demonstrate that the procedures utilized are consistent with previous reports. There is
excellent stability and high test–retest reliability of PPI across time in both rodents and
humans, facilitating the use of within-subjects and longitudinal designs.

Potential weaknesses—While PPI serves as a useful endophenotype for schizophrenia,
it is important to point out that certain confounds and complexities may exist. First, as with
most psychiatric endophenotypes, it is clear that deficits in PPI are not limited to patients
with schizophrenia, being reported as well in bipolar mania, Huntington’s disorder, panic
disorder, and others (Braff et al., 2001). Alterations in PPI may result from phenotypes that
are not related to schizophrenia, such as hearing deficits. Some strains of mice, namely
DBA/2 and C57BL/6, demonstrate high frequency hearing loss with age, rendering them
potentially unable to hear the prestimulus very late in life (Geyer et al., 2002). Fortunately,
cross-modal PPI paradigms can be used to test the ability of a visual stimulus to inhibit the
startle response elicited by either an acoustic or tactile stimulus, enabling empirical tests of
such potential confounds in either rats or mice (Brody and Geyer, 2004; Weber and
Swerdlow, 2008). Additionally, PPI levels vary based on sex, both in humans and in rodents.
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Even within biological sex, it can be difficult to compare female subjects because PPI
fluctuates throughout the menstrual cycle (Aasen et al., 2005).

2.2. Auditory event related potentials
Overview of electroencephalography (EEG)—EEG was the first physiological
technique used to examine the brain by recording electric field potentials with the capability
to reflect both the normal and abnormal electrical activity of the brain. EEG evolved into an
indispensable method for studying cerebral information processing, particularly due to the
introduction of source localization techniques and the decomposition of event-related
activity into its frequency components (Winterer, 2011). Conventionally, EEG is recorded
from the scalp using numerous electrodes affixed to specific scalp locations and is
represented as changes in potential difference. The scalp EEG reflects the summated
potentials from a large synchronously activated population of pyramidal cells in the cerebral
cortex. These potentials are thought to originate primarily from excitatory and inhibitory
neural electric activity, including action potential (AP) and postsynaptic potentials (Dietrich
and Kanso, 2010).

Electroencephalography provides a method to investigate general function of the brain
including its reaction to particular stimuli that will be represented as changes in the EEG,
globally known as event-related potentials (ERP) or evoked potentials (EP). These event-
related potentials are defined as the oscillatory brain responses that are triggered by the
occurrence of particular stimuli (auditory, visual, or somatosensory). Significant voltage
fluctuations are detectable resulting from evoked neural activity and allow one to measure
distinct stages in neural information processing. Moreover, ERPs reflect sub-cortical and
cortical information processing in real time and thus they provide a useful tool for
examining cognitive mechanisms in both normal brain function and disorder-related
impairments. Differential stages of information processing are mainly represented by the
following ERP components: P50 (positive voltage deflection 50 ms post event); N100
(negative voltage deflection 100 ms post event); P200, P300, and the mismatch negativity.
EEG recordings can be made from a variety of species including rodents, where the
characteristic positive and negative deflections occur at approximately 40% the latency of
equivalent human components (Connolly et al., 2004; Maxwell et al., 2004b; Siegel et al.,
2003). Therefore, the P20, N40, P80 and P120 represent ERP deflections in mice analogous
to the P50, N100, P200 and P300 in humans (Fig. 1) (Siegel et al., 2003).

2.3. Mismatch negativity
Paradigm description—Mismatch negativity (MMN) reflects the context-dependent
information processing that is required to compare a deviant incoming stimulus with the
neural representation already stored in the transient auditory memory (Bomba and Pang,
2004). When a string of tones with a specific regularity (sequence of homogenous tones) is
presented, it is thought that the brain stores the features of this auditory stimulation in a
short-duration neural memory trace (Ulanovsky et al., 2004). While this echoic memory is
still active, each new auditory input is compared to the existing trace for a break of
regularity (deviant tone), which generates a neuronal adaptation giving rise to the MMN
(Naatanen, 2000). MMN is most frequently elicited in an auditory oddball paradigm. In this
paradigm, a sequence of repetitive standard stimuli is randomly interrupted by a deviant
oddball stimulus which may differ in stimulus characteristics such as pitch, intensity, or
duration. Peaking between 100 and 225 ms, MMN is a difference wave between responses
to frequent and deviant stimuli. Since the intensity of this peak is a function of deviation
from the previous stimuli, the extent of deviation of the response, and difference in the
stimuli, can be used as a measure of gain control. MMN is dependent on the preceding string
of stimuli, and in this way it is highly context dependent. Rather than being a simple
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response to novelty, MMN is thought to be a response to deviation from the remembered
pattern. Of particular importance, MMN is evoked irrespective of attention (e.g. present in
comatose patients) (Fischer et al., 2000). In clinical neurosciences, MMN has been widely
used in various applications, in particular in schizophrenia research, due to its good
reproducibility and the ability to assess it without a task (Garrido et al., 2009).
Schizophrenia patients display reduced mismatch negativity (MMN) (Davalos et al., 2003;
Javitt et al., 1993, 2000; Light and Braff, 2005; Michie, 2001; Shelley et al., 1999; Umbricht
et al., 2000).

Cross-species comparability—A novel auditory stimulus can differ from standard
stimuli in terms of pitch or duration, and both methods for eliciting the MMN have been
accomplished in rodents, highlighting that this paradigm can be translated into other species
(Tikhonravov et al., 2008; Umbricht et al., 2005). One preclinical study demonstrated a
duration-elicited MMN following the N40 potential in mice (Umbricht et al., 2005). While
this study did not examine whether pharmacological manipulations could impair generation
of the MMN, subsequent studies utilizing pitch-deviants have succeeded in modeling
deficits associated with schizophrenia. Specifically, ketamine and MK-801 have been shown
to reduce MMN amplitude in mice and rats, respectively (Ehrlichman et al., 2008;
Tikhonravov et al., 2008). Similarly, disruptions in neuregulin 1, a protein implicated in
both glutamate signaling and the pathophysiology of schizophrenia (Hahn et al., 2006), also
impairs MMN in mice (Ehrlichman et al., 2009).

Neuroanatomical homology—Unfortunately, it is difficult to conclusively determine
the regions involved in generating these signals since numerous patterns of activation can
give rise to similar EEG profiles in both humans and rodents. Hence, at present it is not
possible to say if comparable neuroanatomical regions are involved across species.

Dynamic range—Despite the lack of comparative neuroanatomical work, the construct
validity, translatability, and dynamic range of MMN make it an ideal candidate for inclusion
into a preclinical battery for research into perceptual abnormalities in schizophrenia.

Potential weaknesses—While inclusion is recommended, the task is not as developed as
PPI, for example, and would benefit from additional research. For instance, while it is
thought that this paradigm is dependent upon an echoic memory, this belief has not been
confirmed empirically, and the neuroanatomical underpinnings remain only partially
described.

3. Sensory integration of visual stimuli

Integration—Within the field of perceptual visual integration, two tasks were nominated
for further development as preclinical tests for schizophrenia: coherent motion detection and
contour integration. Both tasks have been relatively well developed in NHPs, however little
more the proof of concept work has been performed within the rodent. Accordingly here we
briefly review what is known about the tasks in primates, and then propose ways that these
processes could be studied in the rodent. At this time sufficient data does not exist for the
rodent versions of these tasks to evaluate them against the basic CNTRICS requirements.

3.1. Coherent motion
Paradigm description—In coherent motion detection, a series of dots, moving in random
directions (noise), are displayed upon a computer screen, as detailed and illustrated in the
prior CNTRICS report (Green et al., 2009). Embedded within the randomness, a portion of
the dots moves in a uniform direction (signal) and the participant is required to determine
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the direction of motion. Schizophrenia patients demonstrate a lower level of accuracy than
normal participants at comparable levels of difficulty (signal to noise), and also require a
higher proportion of uniform motion (signal) to detect coherent motion in the first instance
(Green et al., 2009). Conceptually, coherent motion detection and contour integration are
very similar. In contour integration, a perceived contour (series of dots grouped in a manner
to be perceived as a continuous shape/contour) is displayed upon a screen (signal) and then
presented amongst a series of distracters (identical dots as those used in the signal, but
displayed at random) representing varying degrees of noise (Green et al., 2009). As in visual
integration, schizophrenia patients need a larger signal to detect the contour, and will
perform worse than controls under equal conditions of difficulty (Green et al., 2009).

Cross-species comparability—These tasks do have many similarities, however
numerous imaging studies in humans and cellular recordings or selective ablation studies in
non-human primates (NHP) suggest that the two tasks are dependent upon distinct, but
overlapping neuronal structures (Butler et al., 2012). The visual cortex is an extremely
complex series of related structures with numerous inter-connections. Generally it is thought
that contour integration occurs very early within the processing of the visual experience, and
within the visual cortex (beginning in V1; Bauer and Heinze, 2002b; Kovacs, 1996).
Moreover, the detection of these contours is thought to happen locally, primarily within the
V1/V2 itself. However the V2 also displays longer connections with much of the rest of the
visual cortex, and schizophrenia patients show differences in activity within area V2 during
an fMRI study of visual integration (Silverstein et al., 2009). In contrast, coherent detection
of motion is thought to occur within the V5, further downstream in the visual cortex and a
later step in the processing of the visual experience (Maunsell and Newsome, 1987;
Newsome and Pare, 1988; Rees et al., 2000). Furthermore, it is thought that coherent motion
cannot occur with local filters alone, rather V5 must interact with other structures to
properly perceive the global movement. While having many similarities, the requirements
for these two visual experiences, and the underlying neurobiologies, are distinct. Thus, it is
unclear if the changes observed in schizophrenia are the result of common or independent
processes (for a comprehensive and recent review on the basic functions of the visual system
see Graham, 2011) (Graham, 2011).

Neuroanatomical homology—Coherent motion detection is not a behavioral paradigm
designed for the study of disease, or even cognition per se. Rather it has its foundation in the
study of visual processing in normal humans (Morgan and Ward, 1980a,b). Classically,
NHPs are trained to distinguish coherent motion, and will then perform the task while single
cell recordings are made. The local cellular responses to specific kinds of stimuli could then
be compared. In some instances, these regions were then lesioned to strengthen the argument
that they were responsible for “processing” a specific type of stimuli. In this instance the
medial temporal areas (MT; NHP), sometimes referred to as V5 (human), have been shown
to have cells that specifically respond to coherent motion (Newsome et al., 1989, 1990) in a
direction-selective manner.

Dynamic range—Lesions to V5 cause a substantial decrease in sensitivity for these types
of stimuli, a greater amount of coherent motion was necessary for the monkey to recognize
this (Newsome and Pare, 1988). However this effect was only transient. This finding led the
authors to suggest that other components of the visual system could compensate, at least
behaviorally, for these effects (it is important to note that this difference was seen
behaviorally, no evidence has been presented to suggest that motion sensitive neurons
“moved”). Yet recent findings suggest that while cells within the MT may be selective for
motion, interactions between numerous brain regions may be necessary to perceive global
motion effectively (Hedges et al., 2011a,b). Perhaps more importantly from a drug discovery
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perspective, there is reason to believe that sub-regions of the visual system have variable
sensitivities to pharmacological manipulations. While more work in this area is required, a
2004 study in healthy volunteers (Carter et al., 2004) with the 5-HT2a/1a agonist psilocybin
demonstrated that coherent motion could be disrupted while a lower level task (contrast
sensitivity for drifting gratings) was not. These two tasks are thought to be dependent upon
different portions of the visual cortex.

Potential limitations—As a preclinical model, coherent motion detection is not a mature
task. Evidence suggests that NHP versions of the task could be adapted as a preclinical
model that could be very accurately translated to the human. While little emphasis has been
placed upon the development of translational challenge models, a wealth of evidence
suggests the NHP coherent motion detection has excellent dynamic range, is likely
dependent upon similar brain regions as human versions of the task, and has high construct
validity. However, this approach would require the use of NHP preclinical model of
schizophrenia. Unfortunately, ethical NHP models of schizophrenia, other than acute
ketamine challenges remain largely unidentified, and it would be very difficult to pursue
coherent motion detection in NHPs alone. Considering the immature state of the NHP work,
it seems entirely reasonable to attempt to develop these tasks in the rodent. Notably, two
separate groups have demonstrated that rodents can perform tasks of coherent motion
detection (Douglas et al., 2006; Hupfeld and Hoffmann, 2006). Both groups use a swim
maze, split with a divider, and a monitor at one end. On each side of the monitor a different
pattern of moving dots is displayed. A hidden platform is located below one pattern while
nothing is below the other pattern. Accordingly, animals (rats and mice) come to associate a
specific image pattern (random or with coherent motion) with escape from the water. While
such a swim maze task will not be high throughput, it enables evaluation of numerous
disease models, serves as an important proof of concept that rodents process information in a
similar manner as primates, and is certainly “higher” throughput than primate models.
Moreover, it seems likely that such an assay could be adapted to a touch-screen approach
(Bussey et al., 2012), potentially allowing dozens of animals to be tested within a single day
and access to numerous disease models. An alternative approach would be to focus on
changes in cellular activity that result from passive observation of stimuli. In a recent report,
Kemp and Manahan-Vaughan (2012) measured longer-term depression in rodents that had
been trained to drink while passively observing a computer-generated spatial environment.
Conceivably, a similar approach could be used here, but with different classes of stimuli.
Being that these are pre-attentive perceptual experiences, animals may not need to attend
actively to the stimuli for a response to be evoked. While a path forward can be envisaged, a
direct translational approach may also be hampered until the rodent visual cortex is
described more accurately. Partial evidence suggests that it may function in a very similar
manner as in humans (Douglas et al., 2006), however the sub-regions within the rodent
cortex remain largely un-described and the presence of human analogs remains
undetermined. It can be easily envisaged how detection of coherent motion can be made to
work in a setting suitable for schizophrenia research as well as drug discovery. However at
this point in time considerable methodological development is required to determine if
rodent versions of the task engage similar brain regions as in the human and if similar
manipulations will translate across species. While the task is promising it fails to meet basic
CNTRICS requirements owing to a lack of available data at this time. Nonetheless the group
agreed that this is a promising avenue for future additional research.

3.2. Contour integration
Similar to coherent detection of motion, contour integration has its origins in the study of
vision, and how visual stimuli are combined to create a meaningful representation of the
world we navigate within. Specifically, contour integration can be viewed as the ability to
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make a gestalt representation of the world, by combining small, related objects into a
meaningful whole. Contour integration is heavily dependent upon the visual cortex,
specifically it has been proposed that the ability to detect a contour amongst noise is a low-
level process, likely occurring within the V1/V2. This conclusion suggests that contour
integration and coherent motion are partially dissociable at the structural level (Altmann et
al., 2003; Bauer and Heinze, 2002a; Kourtzi et al., 2003), although this dissociation has yet
to be tested explicitly, and establishing such a dissociation would be necessary to justify the
inclusion of coherent motion and contour integration into any proposed battery. A recent
fMRI study indicated that abnormal functioning was seen in V2–V4 during a task of visual
integration in schizophrenic individuals when compared to a control group (Silverstein et al.,
2009). Accordingly, this result provides very strong evidence for perceptual impairments
associated with schizophrenia at the very earliest levels of the visual experience. Moreover
recreational ketamine users who had recently used ketamine were shown to have impaired
contour integration, although this deficit was not observed several days later (Uhlhaas et al.,
2007). While additional research is required, ketamine could be an effective means to model
deficits associated with schizophrenia in contour integration in a normal population.

While NHPs could be used to develop a preclinical model for perceptual contour integration,
the same obstacles would be present as for coherent perception of motion, substantially
limiting the utility of such a model. Accordingly, in order to move forward with contour
integration as a preclinical tool, there is a real need to develop models for the rodent.
Unfortunately, to date the authors know of no attempt to measure visual integration within
the rat or mouse, as such it is possible that this process may not occur in these species.
However a single study has demonstrated that contour integration does occur within the
primary visual cortex of the opossum (Oliveira et al., 2002). It has been proposed that “the
opossum’s cerebral cortex is a valid model to study the original plan and general principles
of cortical organizations in mammals” (Oliveira et al., 2002). Therefore it is very likely that
contour integration will be observed within the rodent. Unfortunately contour integration has
another similarly with coherent motion detection, which is that at this time it fails to meet
the basic requirement for acceptance into a CNTRICS battery owing to a lack of available
data on the task within the rodent. However as will coherent detection of motion a viable
path can be envisioned for necessary task development.

As with coherent detection of motion, touch-screen-equipped operant boxes would likely be
an ideal technology to develop contour integration in the rodent. It has already been
demonstrated that to some degree rodents can generalize across shapes when performing a
visual discrimination, a process in many ways similar to contour integration. Accordingly, if
rats are trained to an exemplar image composed of Gabor elements, and with little
interference, it should be possible to train them to “search” for this image amongst
interference. While the touch-screen system would likely result in higher throughput, the
swim maze variety as used by Hupfeld and Hoffmann (2006) or Douglas et al. (2006) would
likely also be effective (Douglas et al., 2006; Hupfeld and Hoffmann, 2006). Failing this, it
may also be possible to measure synaptic connectivity electrophysiologically within region
V1 and change here as a potential predictor of change in contour integration within a clinical
setting.

4. Final recommendations
Models of gain control and integration were nominated as crucial aspects of perception to be
included within a preclinical battery for the study of cognition in schizophrenia. Within gain
control, PPI, MMN, and ERPs were nominated as potential tests for inclusion into a final
battery. The group recommended PPI as being a mature task ready for inclusion, with
further development of its application in imaging environments being suggested. Similarly,
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MMN was considered to be relatively mature, although it was felt that MMN would benefit
from additional research especially in rats and additional human populations. Within the
area of integration both coherent motion and contour integration were proposed. While
“proof-of-concept” studies have been performed suggesting that these processes can be
measured in the rodent, viable pre-clinical models do not yet exist for coherent motion and
contour integration. As such this was seen as an area that could immediately benefit from
additional research in both assay development and in confirmation of cross-species
structural homology.
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Fig. 1.
Representative grand average auditory event related potential recordings from human scalp,
mouse surface and mouse depth electrodes. Note that the overall pattern of event related
activity is consistent across species and locations, with a prominent P1, N1 and P2
components. These responses are termed “obligatory” as they occur in response to a simple
tone or click in rodents, non-human primates or clinical populations. These components
occur at 40% of the human latency in mouse. Thus, the P1 occurs at 20 ms in mouse and 50
ms in human, while the N1 and P2 occur at 40 and 80 ms in mouse and 100 and 200 ms in
human respectively. Studies over the past decade demonstrate that each component in mouse
shares psychometric and pharmacological response properties with the corresponding human
ERP component, yielding excellent predictive validity (Amann et al., 2008; Connolly et al.,
2004; Ehrlichman et al., 2009; Halene and Siegel, 2008; Maxwell et al., 2004a,b, 2006;
Metzger et al., 2007; Phillips et al., 2007; Rudnick et al., 2008; Siegel et al., 2003, 2005).
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