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Introduction: Performance in the executive function (EF) domain has been linked to symptoms and functional
outcomes in psychosis. Studies have found that UHR populations have difficulty with verbal fluency, which in-
volves multiple facets of EF. Two potentially implicated EF facets were examined to explore whether these
could be dissociated in UHR populations: selection among alternatives (measured by selection costs) and re-
trieval from semantic memory retrieval (measured by retrieval costs).
Methods: A total of 45 UHR individuals and 46 healthy controls (HVs) were assessed with a verb generation task.
Differences in selection cost (RT difference between high and low selection demand conditions) and retrieval
cost (RT difference between high and low retrieval demand conditions) were examined and participants were
also assessed for clinical symptoms.
Results: The UHR group showed greater selection costs relative to HVs, F (1, 91) = 4.39, p = 0.039. However,
there were no group differences on retrieval cost, F (1, 91) = 0.63, p = 0.43. A positive association (r = 0.41)
was found between disorganized and negative symptoms and selection costs (but not retrieval costs) in the
UHR group. There was no significant association between selection costs and positive symptoms.
Discussion: Increased selection costs may reflect impaired performance in the neural inhibition domain of EF in
the UHR population, potentially underlying a mechanistically distinct EF subdomain that affects the group's abil-
ity to efficiently select between competing options. Findings suggest that UHR individuals may exhibit impair-
ment in selecting among alternatives, but not in retrieval from semantic memory.

© 2018 Elsevier B.V. All rights reserved.
Keywords:
Selection
Executive function
Psychosis
High risk
1. Introduction

Deficits in cognition are a core feature of psychosis (Dickinson, 2014;
Fusar-Poli et al., 2012a; Fusar-Poli et al., 2012b; Fusar-Poli et al., 2007;
Green et al., 2000; Reichenberg and Harvey, 2007), but the field is still
only starting to understand how related functions may be affected in
early stages and through illness progression (Dickson et al., 2012;
Meier et al., 2014; Reichenberg and Mollon, 2016; Woodberry et al.,
2008). Studies suggest that individuals at high risk for developing psy-
chosis (UHR) exhibit performance impairments on a variety of cognitive
tasks (Eastvold et al., 2007; Fusar-Poli et al., 2012a; Kim et al., 2011;
Niendam et al., 2006; Pukrop et al., 2007; Reichenberg and Mollon,
2016). In this context, research suggests that studying executive
t Hall 102, 2029 Sheridan Road,
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function (EF) in UHR individuals may be highly informative, especially
given EF's critical role in individual goal pursuit and attainment, as
well as in widespread day-to-day functions (Fusar-Poli et al., 2012b;
Morey et al., 2005; Niendam et al., 2012; Schultze-Lutter et al., 2007;
Snyder et al., 2015). Previous studies have found EF deficits in this pop-
ulation (Fusar-Poli et al., 2012b; Morey et al., 2005; Niendam et al.,
2012; Schultze-Lutter et al., 2007); nonetheless, EF is not a unitary con-
struct, and thus we would benefit from understanding distinct mecha-
nisms within the EF domain in this group (Friedman and Miyake,
2017). Understanding specific EF functions that are altered has the po-
tential of bringing us one step closer to separating affected processes
in the disorder, and aids in informing current etiological models.

Executive function is an umbrella term for goal-oriented behaviors
(Banich et al., 2009). Clinical EF research has often employed broadneu-
ropsychological measures that mechanistically involve multiple facets
of EF, aswell as some non-EF abilities, thereby limiting our ability to un-
derstand specific underlyingmechanismswithin distinct facets (Snyder
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et al., 2015). One such EF facet requires individuals to be able to select
among potential competing options in service of a goal, and this is the
process on which the present paper focuses. Several studies have found
that UHR individuals have difficulty with verbal fluency, which involves
multiple facets of EF such as shifting between subcategories and working
memory, as well as some non-EF abilities, such as semantic processing
(Berberian et al., 2016; Docherty et al., 2011; Doughty and Done, 2009;
Rende et al., 2002; Snyder et al., 2015). One investigation observed that
verbal fluency scores in a UHR group did not significantly differ from
scores of first episode psychosis patients, with both being significantly
more impaired compared to healthy individuals (Becker et al., 2010). An-
other group found that compared to young individuals that had sought
help at a specialized youth mental health center, UHR individuals exhib-
ited lower semantic, but not phonological fluency (Magaud et al., 2010).
This is notable especially in light of meta analytic evidence suggesting
that semantic verbal fluency deficits are stronger in schizophrenia rela-
tive to phonological fluency deficits (Bokat and Goldberg, 2003). Even
more interestingly, recent studies suggest that verbal fluency impair-
ments serve as predictors of later transition to psychosis (Addington
et al., 2017; Michel et al., 2014; Riecher-Rossler et al., 2009). Given this
potential predictive power, along with the fact that among clinical popu-
lations those with psychosis disorders have among the largest reported
EF deficits (Snyder et al., 2015), investigating distinct facets within the
EF domain could be particularly valuable in aiding our understanding of
specific underlyingmechanisms, potentially increasing our ability to pin-
point processes that begin deteriorating prior to psychosis onset.

Indirect evidence suggests that selection during language processing
may be a specific component of EF that exhibits impairment in UHR
populations. Selecting words or other responses in order to respond ef-
ficiently to our environment requires the EF-mediated ability to resolve
competition among competing representations (e.g., selecting among
the responses “throw”, “kick”, “catch” etc. when generating a verb to
gowith “ball”) (Snyder andMunakata, 2008). Previous studies have hy-
pothesized that impaired gamma-aminobutyric acid (GABA) function
can negatively impact selection; these groups have shown that selection
in healthy individuals can be boosted by GABA agonists, also observing
positive links between GABA levels measured via spectroscopy and bet-
ter selection abilities (de la Vega et al., 2014; Snyder et al., 2010). Given
that impaired GABA function has been observed in psychosis (Egerton
et al., 2017; Glausier and Lewis, 2017), a pattern of impaired selection
may hold in groups at high risk of developing psychosis (Kang et al.,
2014). This prediction is strengthened given observed verbal fluency
deficits in UHRpopulations, as verbalfluency incorporates aspects of se-
lection (e.g., selecting among all the possible animals to name next)
(Snyder et al., 2015). However, because of the complexity of the tasks
that have previously been used to study EF in this population, it is not
possible to knowwhether selection specifically is impaired in a mecha-
nistically distinct manner from executive aspects of semantic retrieval.

In language production, the difficulty of selecting among words has
been described as a function of the number of alternatives, as well as
the similarity in activation levels across alternatives (Botvinick et al.,
2001; Snyder andMunakata, 2008). Snyder et al. hypothesized that cog-
nitive control is exertedwhen individuals are needing to choose one re-
sponse among multiple competing options. Under this framework,
competing options that are equally salient slow down processing,
thereby slowing selection. In a healthy sample, Snyder et al. (2010)
used a computational model of selection during language processing,
which predicted that competitive neural inhibition instantiated by
GABAergic interneurons in prefrontal circuits is a key mechanism for
selecting among alternatives during language processing. This predic-
tion was supported by evidence that a GABA agonist improved selec-
tion, while increased selection costs due to highly competing options
were linked with impaired prefrontal GABA function associated with
anxiety (Snyder et al., 2010). In addition, greater lateral prefrontal cor-
tex GABA concentrations in a general community sample predicted se-
lection efficiency specifically, rather than general EF ability (de la Vega
et al., 2014). Previous studies have found deficits in latent inhibition in
UHR individuals (Kraus et al., 2016); however, the literature of date
has not isolated the selection domain of EF, and we have yet to learn
whether selection constitutes a mechanistically distinct process within
the umbrella of executive function in this population.

In order to investigate specificity to processes involving neural inhibi-
tion hypothesized to be impaired in UHR individuals, it is helpful to com-
pare selection among competing alternatives to a second linguistic
cognitive control process, controlled retrieval from semanticmemory. Se-
lection and retrieval processes both require cognitive control and rely on
shared neural substrates in left ventrolateral prefrontal cortex (Snyder
et al., 2011), but importantly, previous research and computational
models suggest that only selection depends on neural inhibition (de la
Vega et al., 2014; Snyder et al., 2011; Snyder et al., 2010). In contrast to
the selection mechanisms described above, the effects of retrieval de-
mands are a direct consequence of the strength of the associations (syn-
aptic weights) between stimuli (e.g., nouns) and their associated
representations (e.g., verbs): Weaker weights cause a slower build-up
of activation, requiring more time to reach the threshold to make a re-
sponse (Snyder et al., 2010). In addition,we speculate that sustained neu-
ronal activation, enabled by recurrent connections in PFC networks, may
support retrieval of weakly active representations. As predicted from this
framework in which neural inhibition affects selection but not retrieval,
the effects of the GABA agonist midazolam and anxiety (associated with
decreased GABAergic function)were specific to impairments in selection,
with no effects on retrieval (Snyder et al., 2010) Thus, retrieval from se-
mantic memory serves as a control contrast in the current study, as it is
cognitively demanding and relies on the same prefrontal areas but relies
on distinct neural mechanisms not dependent on inhibition.

The present study uses the predictions of a computational model of
selection (Snyder et al., 2010) to explore whether UHR individuals ex-
hibit higher selection costs relative to healthy volunteers, and whether
those selection costs are affected independently of semantic retrieval.
In addition, we examine whether selection costs are associated with
specific symptom dimensions. Specifically, the current investigation
seeks to focus in on the relationship of selection costs with negative
and disorganized symptom domains, given the theoretically consistent
pathophysiological underpinnings of these symptoms and EF (Bowie
et al., 2011; Carrion et al., 2016; Gur et al., 2015; Xu et al., 2014).

2. Methods

2.1. Participants

Participants were recruited to the University of Colorado Boulder's
Adolescent Development and Preventive Treatment (ADAPT) research
program, totaling 46 healthy volunteers (26 female, 20 male, mean
age 18.4, SD = 2.49) and 45 UHR individuals (21 female, 24 male,
mean age 18.73, SD = 1.67). Exclusion criteria included presence of a
neurological disorder, lifetime substance dependence, and presence or
lifetime history of an Axis I psychotic disorder. Healthy volunteer exclu-
sion criteria included presence of a psychotic disorder in a first-degree
relative. All procedures were reviewed by the University of Colorado in-
stitutional review board. All participants spoke fluent English. Across
the entire sample, 88% of participants were native English speakers
(meaning English was the first language the participant learned, and
also the preferred language). Of the individualswhowere not native En-
glish speakers, the age inwhich English was learned ranged from ages 1
to 12, with a mean of age 4.3. Across the UHR sample, 91.2% of individ-
uals were neuroleptic-free, with 8.8% (4) being on small atypical anti-
psychotic doses (mean CPZ equivalent dose = 152.1, SD = 57.85).

2.2. Clinical assessments

All participants were administered the Structured Clinical Interview
for DSM-IV Axis I disorders (SCID), in order to rule out a psychosis
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diagnosis for both groups, as well as to assess history of mood and anx-
iety disorders (First, 2012). The Structured Interview for Prodromal
Syndromes (SIPS) was administered in order to diagnose UHR partici-
pants and rule out symptoms in healthy volunteers (Miller et al.,
1999). In addition, the Wide Range Achievement Test (WRAT) was ad-
ministered in order to control for overall cognitive ability (Wilkinson
and Robertson, 2006). Self-reported anxiety was measured using the
Beck Anxiety Inventory (BAI) (Osman et al., 1997).

2.3. Verb generation task

Participants completed a verb generation task measuring selection
and retrieval of words from semantic memory. Participants were pre-
sented with a noun and instructed to say the first associated verb that
came to mind (Snyder et al., 2010), and were given an example and 8
practice trials before starting the task. A fixation cross appeared for
500 ms, followed by a noun. Participants were then instructed to re-
spond through a microphone that collected voice-triggered reaction
times. Trial order was randomized across participants. Previous studies
in non-clinical populations have shown that participants are slowed by
higher selection demand (measured in terms of degree of competition
between competing responses) and higher retrieval demand (mea-
sured in terms of association strength between the noun and correct
verb response) (Snyder et al., 2010). Retrieval demand reflects associa-
tion strength between the noun and the appropriate response, whereas
selection demand reflects amount of competition between possible re-
sponses. For instance, in terms of retrieval demand, “scissors” would
have low retrieval demand because it is strongly associated with “cut”,
whereas “giraffe” would have high retrieval demand because it is only
weakly associated with any verb. In terms of selection demand, “cat”
has a high selection demand, because it brings tomindmany competing
verbs such as “purr”, “meow” and “lick”, whereas “scissors” has low
selection demand because it generally brings to mind a single verb,
“cut” (see Fig. 1) (Snyder et al., 2010). Verb generation stimuli were
100 nouns in a 2× 2design crossing high and low selection and retrieval
demand, where high and low association strength conditions were
matched on competition, whereas low and high competition conditions
were matched on association strength. Association strength (retrieval
demand) for stimuli presented and competition between stimuli
responses (selection demand) were calculated using latent semantic
analysis to pre-categorize task stimuli into the 4 conditions, consisting
Fig. 1. Verb generation task design: selection demands (high vs low competition) are cro
of low/high competition and low/high association strength (Landauer
et al., 2004; Snyder et al., 2011; Snyder et al., 2010). In regards
to word stimuli used, concrete nouns (Kucera-Francis frequency
range = 1–492, median frequency = 22, word length range = 3–9,
median = 5) were divided into low and high selection demand
groups, such that word frequency was not significantly different across
low selection demand and high selection demand conditions. A word
with high competition among alternativeswill have a high selection de-
mand because there are many options to choose from, whereas a word
with few available responses, or low competition among alternatives,
will have low selection demands because there are not asmany options
to choose from. Awordwith high association strengthwill have low re-
trieval demand, whereas a word with low association strength will be
only weakly associated with suitable responses, and thus would have
high retrieval demand, as it will be more difficult to elicit a response
for that word, thus putting more of a strain on semantic retrieval pro-
cesses. During task modeling, association strength was calculated as
the average of (1) the strongest LSA cosine, (2) the LSA cosine for the
most frequent response given by the norming sample, and (3) a
weighted average of the LSA cosines for all verb responses given
by the norming sample. Competition, in turn, was defined as entropy,
[H=−∑ (p (i)*ln p(i)], where p(i) is the cosine between the stimulus
and each alternative response, divided by the sumof LSA cosines among
all alternative responses (Snyder et al., 2010). In calculating entropy, a 0
value signified only one available response, and increasing values repre-
sented increasing available responses/increased competition among al-
ternatives. For more information on task modeling, see Snyder et al.
(2010) supplementary materials. Raw reaction times for each of the
four conditions were obtained using time between stimulus presenta-
tion and participant voice response onset as detected by the micro-
phone. Selection costs were calculated by subtracting the reaction
time of low selection demand from that of high selection demand trials.
Retrieval costs were calculated by subtracting the reaction time of low
retrieval demand from that of high retrieval demand trials. Raw RTs
were also natural log (ln) transformed, consistent with Snyder et al.,
2010. The task was normed with a healthy sample such that stimuli
with high selection/retrieval demand are more challenging than those
with low selection/retrieval demand. Thus, calculations of selection
costs (reaction time difference between high selection demand and
low selection demand conditions) should be positive, or at the very
least near zero. Negative values could indicate the individual did not
ssed with retrieval demands (high vs low association strength) (Snyder et al., 2010).



Table 1
Demographic characteristics by group.

UHR (n = 45) Healthy (n = 46) p

Demographics
Age 18.9 (1.6) 18.5 (2.4) n.s
Gender 53.3% male 43.5% male n.s
IQ 112.2 (11.6)a 104.5(12.0)a 2 N 1⁎⁎

Parent education 12.3 (1.9)b 12.14 (2.6)b n.s
Symptoms
Positive 12.1 (4.5)c 0.57 (1.2)c 1 b 2⁎⁎

Negative 9.2 (7.0)c 0.35 (0.67)c 1 b 2⁎⁎

Disorganized 5.2 (3.4)c 0.22 (0.51)c 1 b 2⁎⁎

Mean (SD), a= estimated byWRAT (Wide Range Achievement Test), b= average years of
education of mother and father, c = Measured by SIPS battery.
1 = Healthy volunteers, 2 = UHR, ⁎⁎= p b 0.01.
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fully understand the instructions, or that they were not trying to re-
spond as quickly as possible, given that the conditions were normed
such that low demand conditions take less time than high demand con-
ditions. Therefore, negative values are indicative of a manipulation fail-
ure per the task design, and these individuals were excluded, consistent
with what was done in the Snyder et al., 2010 study; 15 healthy volun-
teers and 16 UHR participants were excluded due to negative selection
effects. The basic effects of task manipulation were highly robust, even
when these individuals were included.

2.4. Statistical analyses

Independent samples t-tests and chi square tests, when appropriate,
were used to test for demographic differences between groups. Univar-
iate ANCOVAs controlling for age and WRAT score were performed to
assess differences in selection and retrieval costs between diagnostic
groups. In addition, relationships between selection costs and positive,
negative and disorganized symptoms were examined in the UHR
group using partial correlations controlling for age andWRAT. Relation-
ships between retrieval and selection costs and anxiety as assessed by
the BAI were explored, in order to see whether links with anxiety in
Snyder et al., 2010 were present in this sample as well (Tables 1 and 2).

3. Results

3.1. Verb generation task

There was a significant effect of diagnosis on selection cost, such
that UHR individuals exhibited increased selection costs, F (1, 91) =
4.39, p = 0.039 (see Figs. 2 and 3). However, there was no significant
effect of diagnosis on retrieval cost, F (1, 91) = 0.63, p = 0.43, which
suggests the effect is independent of task engagement. As expected, se-
lection cost scoreswere highly associated with retrieval costs (r=0.49,
p b 0.001).

In regards to reported anxiety as assessed by the BAI, the UHR group
reported significantly greater anxiety levels relative to healthy volun-
teers, t(1, 91) = 7.729, p b 0.001. Mean BAI scores for UHR group
22.23, SD = 12.67, for healthy volunteers 5.65, SD = 6.8. Reported
Table 2
RTs per condition and diagnosis.

Low retrieval demand

Mean RT (SD) Lo

Healthy volunteer
Low selection demand 1835.5 (1400.9) 7
High selection demand 2325.2 (2288.2) 7

UHR
Low selection demand 2163.7 (2446.8) 7
High selection demand 2927.8 (3758.3) 7
anxiety was not significantly associated with relevant outcome vari-
ables: it is worth noting that unlike the BAI measure, previous findings
by Snyder et al., 2010 linking anxiety to performance were specific to
anxious apprehension (e.g., worry).

3.2. Correlations with symptoms

As hypothesized, selection costs were positively associated with
total disorganized symptoms and total negative symptoms in the UHR
sample, controlling for age and WRAT score, such that the higher the
selection cost, the greater number of disorganized symptoms, r =
0.409, p = 0.006, and the greater number of negative symptoms, r =
0.38, p = 0.01. Total number of positive symptoms did not significantly
correlate with selection costs (p = 0.15). In order to gain some insight
into the specificity of the association with disorganized symptoms, we
ran exploratory correlations with each of the 4 sub-items comprising
the composite score. Trouble with focus and attention yields the
strongest association (r = 0.4, p = 0.007), as well as odd behavior or
appearance (r = 0.26, p = 0.048), while impairment in personal hy-
giene (r = 0.2, p = 0.056) and bizarre thinking (r = 0.21, p = 0.09)
are trending-level associations. In regards to negative symptoms, social
anhedonia (r=0.29, p=0.03), avolition (r=0.5, p b 0.001), ideational
richness (r= 0.3, p= 0.025) and occupational functioning (r=0.45,
p = 0.001) are most strongly associated.

4. Discussion

This study is among the first to examine in more detail neural inhi-
bition aspects of EF in UHR youth as assessed by selection during lan-
guage processing. Present findings indicate that UHR participants
exhibit increased selection costs relative to healthy volunteers, when
controlling for age and overall cognitive performance, potentially indi-
cating impaired ability in the domains of cognitive control and neural
inhibition. There was no overall group difference in retrieval costs, sug-
gesting that this effect is not driven by task engagement or other aspects
of EF required for the task. Rather, the results suggest a mechanistically
distinct impairment in selection in UHR individuals relative to healthy
volunteers. In addition, a positive association was found between selec-
tion costs, negative and disorganized symptoms. If increased selection
costs entail decreased prefrontal GABAergic function (Snyder et al.,
2010), this would be in line with multiple theories linking both execu-
tive function deficits and disorganized symptoms to GABA dysfunction
in psychosis (Egerton et al., 2017; Glausier and Lewis, 2017; Minor
and Lysaker, 2014; Phillips and Silverstein, 2013).

Previous research has found that selection and retrieval processes
are differentiated through neural inhibition: selection, but not retrieval,
depends on neural inhibition, perhaps due to GABAergic interneuron-
mediated competitive lateral inhibition aiding in suppressing compet-
ing options (Phillips and Silverstein, 2003; Snyder et al., 2011). In line
with previous studies finding that agonist-induced increased GABAergic
function aids selection but not retrieval, ourfindings lend support to the
notion that this distinct facet of neural inhibition is affected, as opposed
to common EF (Snyder et al., 2011; Snyder et al., 2010). Taken together,
results indicate that this population may exhibit an impaired ability to
High retrieval demand

g RT (SD) Mean RT (SD) Log RT (SD)

.36 (0.5) 2958.2 (4613.3) 7.69 (0.67)

.54 (0.57) 3559.8 (4599.7) 7.84 (0.72)

.45 (0.58) 3336.0 (4185.6) 7.79 (0.71)

.65 (0.71) 4138.5 (5689.2) 7.93 (0.79)



Fig. 2. Log RT across conditions per diagnosis, estimated marginal means of log RT controlling for age and WRAT score.

Fig. 3. Log RT selection and retrieval costs per diagnosis, estimated marginal means of log RT controlling for age and WRAT score.

307T. Vargas et al. / Schizophrenia Research 202 (2018) 303–309



308 T. Vargas et al. / Schizophrenia Research 202 (2018) 303–309
efficiently choose among optionswhen competition among alternatives
is high, independent of cognitive ability and overall EF. Further, results
indicated that selection cost reaction times were strongly associated to
disorganized symptoms in the UHR sample, which is consistent with
previous studies finding that executive function is most closely linked
with disorganized symptoms, and may share underlying mechanisms
(Bowie et al., 2011; Phillips and Silverstein, 2013).

The current investigation suggests that cognitive deficits inform our
understanding of symptoms in UHR populations, and may potentially
possess converging underlyingmechanisms. Examining distinct EF pro-
cesses may aid our understanding of symptom presentation, as well as
overall social and role function in the UHR population, especially given
that disorganized and negative symptoms in tandem with poor
neurocognitive function have been shown to predict poor social and
role functioning in UHR populations (Carrion et al., 2013; Minor and
Lysaker, 2014; Xu et al., 2014). Our findings are in line with previous
studies implicating disorganized symptoms as having greater associa-
tions with neurocognition and social cognition relative to positive
and negative symptoms (Minor and Lysaker, 2014), as well as with
studies linking disorganized symptoms to impaired executive function
(Xuet al., 2014) and functional outcomes (Carrion et al., 2013). Thus, se-
lection during language processing may be informative in helping us
gauge the convergence between disorganized symptoms and executive
function deficits in psychosis. Given that cognitive deficits constitute a
cardinal feature of the disorder (Eastvold et al., 2007; Meier et al.,
2014; Pukrop et al., 2007; Reichenberg and Harvey, 2007; Reichenberg
andMollon, 2016;Woodberry et al., 2008), understanding cognitive im-
pairments that are also associatedwith symptomprogression is a prom-
ising avenue to further understanding etiology. As studies in healthy
populations suggest, prefrontal alterations in GABA-ergic inhibitory
neuronal function may lead to dysfunctional recruitment of prefrontal
network activity during executive aspects of selection (de la Vega
et al., 2014). Future studies exploring whether these same mechanisms
are indeed directly implicated in some of the symptomsobserved in for-
mal thought disorder and disorganization symptoms more generally,
would be highly informative in furthering this line of research. Future
investigations should further explore UHR neural inhibition using
othermodalities such as fMRI orMRS in order to determine neurological
underpinnings.

As noted, the present study's findings of increased selection costs
among the UHR group were independent of general cognitive ability
and another aspect of EF performance (i.e., executive aspects ofmemory
retrieval), supporting the notion that the observed selection impair-
ment may constitute a mechanistically distinct EF subdomain. Several
of the current limitations also provide important lessons for future re-
search. Specifically, including a broader battery designed to assess
different components of EF would be valuable and an important next
step. Given that selection during language processing has not been
previously studied in UHR populations, future studies are needed to
confirm present findings that selection costs are impaired in this popu-
lation. An equivalent number of individuals in the UHR and healthy vol-
unteer groups were excluded due to inadequate engagement with the
task. Future studies with better attended task performance across
groups would be ideal, as well as studies recruiting a larger number of
participants in each group.

Given the amount of subjects that had to be excluded, there is a pos-
sibility that the current task paradigmwas challenging for a clinical pop-
ulation. Future studies may devote more focus to making the paradigm
moremanageable for clinical populations, such as givingmore thorough
task instruction and practice trials, as well as offering rewards for en-
gaged responses to give participants positive reinforcement and greater
motivation to perform to the best of their ability. Having the experi-
menter in the roommonitoring the participant may also aid in eliciting
optimal performance. These techniques could also be applied to healthy
volunteer groups, in order to increasemotivation to performwell on the
task and remain attentive.
Finally, the Snyder 2010 study found that administering the GABA
agonist midazolam improved selection in a non-clinical population,
concluding that GABA agonists may be effective not only in treating
the affective symptoms of anxiety disorders, as they are often used,
but also in treating the cognitive control and decision-making deficits
implicated in anxiety (Snyder et al., 2010). Thus, another promising fu-
ture direction could be to administer GABA agonists to UHR populations
to see if this would aid in easing disorganization symptoms, anxiety
levels, and bettering selection cost performance. In addition, longitudi-
nal studies tracking disorganized symptomdevelopmentwith cognitive
deterioration in the cognitive control and decision-making domains
would be informative. Examining how development in these domains
may predict social function or conversion riskwould also be a promising
future direction.

Role of funding source
This work was supported by a Northwestern University Society, Biology and Health

Cluster Fellowship (TV) and by National Institutes of Health Grants R01MH094650 and
R21/R33MH103231 (VM) and National Institutes of Health Grants P50-MH079485 and
1F31-MH087073-01 (HS).

Contributors
Dr. Vijay Mittal and Teresa Vargas conducted literature review and drafted themanu-

script. Dr. Snyder and Dr. Banich helped with editing the manuscript and were consulted
for data analysis questions. Dr. Shankman and Dr. Strauss were also consulted for help
with writing the manuscript and data analysis. Rae Newberry helped with preparing the
data for analysis, as well as with the quality checking of the data.

Conflicts of interest
V.A.M. is a consultant to Takeda Pharmaceuticals. No other authors have any

disclosures.

Acknowledgments
This work was supported by National Institutes of Health Grants R01MH094650 and

R21/R33MH103231 (VM). Work on development of the verb generation task was sup-
ported by National Institutes of Health Grants P50-MH079485 and 1F31-MH087073-01
(HS).

References

Addington, J., Liu, L., Perkins, D.O., Carrion, R.E., Keefe, R.S., Woods, S.W., 2017. The role of
cognition and social functioning as predictors in the transition to psychosis for youth
with attenuated psychotic symptoms. Schizophr. Bull. 43 (1), 57–63.

Banich, M.T., Mackiewicz, K.L., Depue, B.E., Whitmer, A.J., Miller, G.A., Heller, W., 2009.
Cognitive control mechanisms, emotion and memory: a neural perspective with im-
plications for psychopathology. Neurosci. Biobehav. Rev. 33 (5), 613–630.

Becker, H.E., Nieman, D.H., Dingemans, P.M., van de Fliert, J.R., De Haan, L., Linszen, D.H.,
2010. Verbal fluency as a possible predictor for psychosis. Eur. Psychiatry 25 (2),
105–110.

Berberian, A.A., Moraes, G.V., Gadelha, A., Brietzke, E., Fonseca, A.O., Scarpato, B.S., Vicente,
M.O., Seabra, A.G., Bressan, R.A., Lacerda, A.L., 2016. Is semantic verbal fluency impair-
ment explained by executive function deficits in schizophrenia? Rev. Bras. Psiquiatr.
38 (2), 121–126.

Bokat, C.E., Goldberg, T.E., 2003. Letter and category fluency in schizophrenic patients: a
meta-analysis. Schizophr. Res. 64 (1), 73–78.

Botvinick, M.M., Braver, T.S., Barch, D.M., Carter, C.S., Cohen, J.D., 2001. Conflict monitoring
and cognitive control. Psychol. Rev. 108 (3), 624–652.

Bowie, C.R., Gupta, M., Holshausen, K., 2011. Disconnected and underproductive speech in
schizophrenia: unique relationships across multiple indicators of social functioning.
Schizophr. Res. 131 (1–3), 152–156.

Carrion, R.E., McLaughlin, D., Goldberg, T.E., Auther, A.M., Olsen, R.H., Olvet, D.M., Correll,
C.U., Cornblatt, B.A., 2013. Prediction of functional outcome in individuals at clinical
high risk for psychosis. JAMA Psychiat. 70 (11), 1133–1142.

Carrion, R.E., Demmin, D., Auther, A.M., McLaughlin, D., Olsen, R., Lencz, T., Correll, C.U.,
Cornblatt, B.A., 2016. Duration of attenuated positive and negative symptoms in indi-
viduals at clinical high risk: associations with risk of conversion to psychosis and
functional outcome. J. Psychiatr. Res. 81, 95–101.

de la Vega, A., Brown, M.S., Snyder, H.R., Singel, D., Munakata, Y., Banich, M.T., 2014. Indi-
vidual differences in the balance of GABA to glutamate in pFC predict the ability to
select among competing options. J. Cogn. Neurosci. 26 (11), 2490–2502.

Dickinson, D., 2014. Zeroing in on early cognitive development in schizophrenia. Am.
J. Psychiatry 171 (1), 9–12.

Dickson, H., Laurens, K.R., Cullen, A.E., Hodgins, S., 2012. Meta-analyses of cognitive and
motor function in youth aged 16 years and younger who subsequently develop
schizophrenia. Psychol. Med. 42 (4), 743–755.

Docherty, A.R., Berenbaum, H., Kerns, J.G., 2011. Alogia and formal thought disorder: dif-
ferential patterns of verbal fluency task performance. J. Psychiatr. Res. 45 (10),
1352–1357.

http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0005
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0005
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0005
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0010
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0010
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0015
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0015
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0020
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0020
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0020
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0025
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0025
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0030
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0030
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0035
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0035
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0035
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0040
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0040
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0045
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0045
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0045
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0050
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0050
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0050
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0055
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0055
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0060
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0060
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0060
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0065
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0065
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0065


309T. Vargas et al. / Schizophrenia Research 202 (2018) 303–309
Doughty, O.J., Done, D.J., 2009. Is semantic memory impaired in schizophrenia? A system-
atic review and meta-analysis of 91 studies. Cogn. Neuropsychiatry 14 (6), 473–509.

Eastvold, A.D., Heaton, R.K., Cadenhead, K.S., 2007. Neurocognitive deficits in the (puta-
tive) prodrome and first episode of psychosis. Schizophr. Res. 93 (1–3), 266–277.

Egerton, A., Modinos, G., Ferrera, D., McGuire, P., 2017. Neuroimaging studies of GABA in
schizophrenia: a systematic review with meta-analysis. Transl. Psychiatry 7 (6),
e1147.

First, M.B., 2012. A practical prototypic system for psychiatric diagnosis: the ICD-11 clin-
ical descriptions and diagnostic guidelines. World Psychiatry 11 (1), 24–25.

Friedman, N.P., Miyake, A., 2017. Unity and diversity of executive functions: individual
differences as a window on cognitive structure. Cortex 86, 186–204.

Fusar-Poli, P., Perez, J., Broome, M., Borgwardt, S., Placentino, A., Caverzasi, E., Cortesi, M.,
Veggiotti, P., Politi, P., Barale, F., McGuire, P., 2007. Neurofunctional correlates of vul-
nerability to psychosis: a systematic review and meta-analysis. Neurosci. Biobehav.
Rev. 31 (4), 465–484.

Fusar-Poli, P., Bonoldi, I., Yung, A.R., Borgwardt, S., Kempton, M.J., Valmaggia, L., Barale, F.,
Caverzasi, E., McGuire, P., 2012a. Predicting psychosis: meta-analysis of transition
outcomes in individuals at high clinical risk. Arch. Gen. Psychiatry 69 (3), 220–229.

Fusar-Poli, P., Deste, G., Smieskova, R., Barlati, S., Yung, A.R., Howes, O., Stieglitz, R.D., Vita,
A., McGuire, P., Borgwardt, S., 2012b. Cognitive functioning in prodromal psychosis: a
meta-analysis. Arch. Gen. Psychiatry 69 (6), 562–571.

Glausier, J.R., Lewis, D.A., 2017. GABA and schizophrenia: where we stand and where we
need to go. Schizophr. Res. 181, 2–3.

Green, M.F., Kern, R.S., Braff, D.L., Mintz, J., 2000. Neurocognitive deficits and functional
outcome in schizophrenia: are we measuring the "right stuff"? Schizophr. Bull. 26
(1), 119–136.

Gur, R.E., March, M., Calkins, M.E., Weittenhiller, L., Wolf, D.H., Turetsky, B.I., Gur, R.C.,
2015. Negative symptoms in youths with psychosis spectrum features: complemen-
tary scales in relation to neurocognitive performance and function. Schizophr. Res.
166 (1–3), 322–327.

Kang, J.I., Park, H.J., Kim, S.J., Kim, K.R., Lee, S.Y., Lee, E., An, S.K., Kwon, J.S., Lee, J.D., 2014.
Reduced binding potential of GABA-A/benzodiazepine receptors in individuals at
ultra-high risk for psychosis: an [18F]-fluoroflumazenil positron emission tomogra-
phy study. Schizophr. Bull. 40 (3), 548–557.

Kim, H.S., Shin, N.Y., Jang, J.H., Kim, E., Shim, G., Park, H.Y., Hong, K.S., Kwon, J.S., 2011. So-
cial cognition and neurocognition as predictors of conversion to psychosis in individ-
uals at ultra-high risk. Schizophr. Res. 130 (1–3), 170–175.

Kraus, M., Rapisarda, A., Lam, M., Thong, J.Y.J., Lee, J., Subramaniam, M., Collinson, S.L.,
Chong, S.A., Keefe, R.S.E., 2016. Disrupted latent inhibition in individuals at ultra
high-risk for developing psychosis. Schizophr. Res. Cogn. 6, 1–8.

Landauer, T.K., Laham, D., Derr, M., 2004. From paragraph to graph: latent semantic anal-
ysis for information visualization. Proc. Natl. Acad. Sci. U. S. A. 101 (Suppl 1),
5214–5219.

Magaud, E., Kebir, O., Gut, A., Willard, D., Chauchot, F., Olie, J.P., Kazes, M., Krebs, M.O.,
2010. Altered semantic but not phonological verbal fluency in young help-seeking in-
dividuals with ultra high risk of psychosis. Schizophr. Res. 123 (1), 53–58.

Meier, M.H., Caspi, A., Reichenberg, A., Keefe, R.S., Fisher, H.L., Harrington, H., Houts, R.,
Poulton, R., Moffitt, T.E., 2014. Neuropsychological decline in schizophrenia from
the premorbid to the postonset period: evidence from a population-representative
longitudinal study. Am. J. Psychiatry 171 (1), 91–101.

Michel, C., Ruhrmann, S., Schimmelmann, B.G., Klosterkotter, J., Schultze-Lutter, F., 2014. A
stratified model for psychosis prediction in clinical practice. Schizophr. Bull. 40 (6),
1533–1542.

Miller, T.J., McGlashan, T.H., Woods, S.W., Stein, K., Driesen, N., Corcoran, C.M., Hoffman,
R., Davidson, L., 1999. Symptom assessment in schizophrenic prodromal states. Psy-
chiatry Q. 70 (4), 273–287.

Minor, K.S., Lysaker, P.H., 2014. Necessary, but not sufficient: links between
neurocognition, social cognition, and metacognition in schizophrenia are moderated
by disorganized symptoms. Schizophr. Res. 159 (1), 198–204.
Morey, R.A., Inan, S., Mitchell, T.V., Perkins, D.O., Lieberman, J.A., Belger, A., 2005. Imaging
frontostriatal function in ultra-high-risk, early, and chronic schizophrenia during ex-
ecutive processing. Arch. Gen. Psychiatry 62 (3), 254–262.

Niendam, T.A., Bearden, C.E., Johnson, J.K., McKinley, M., Loewy, R., O'Brien, M.,
Nuechterlein, K.H., Green, M.F., Cannon, T.D., 2006. Neurocognitive performance
and functional disability in the psychosis prodrome. Schizophr. Res. 84 (1), 100–111.

Niendam, T.A., Laird, A.R., Ray, K.L., Dean, Y.M., Glahn, D.C., Carter, C.S., 2012. Meta-
analytic evidence for a superordinate cognitive control network subserving diverse
executive functions. Cogn. Affect. Behav. Neurosci. 12 (2), 241–268.

Osman, A., Kopper, B.A., Barrios, F.X., Osman, J.R., Wade, T., 1997. The Beck anxiety inven-
tory: reexamination of factor structure and psychometric properties. J. Clin. Psychol.
53 (1), 7–14.

Phillips, W.A., Silverstein, S.M., 2003. Convergence of biological and psychological per-
spectives on cognitive coordination in schizophrenia. Behav. Brain Sci. 26 (1),
65–82 (discussion 82-137).

Phillips, W.A., Silverstein, S.M., 2013. The coherent organization of mental life depends on
mechanisms for context-sensitive gain-control that are impaired in schizophrenia.
Front. Psychol. 4, 307.

Pukrop, R., Ruhrmann, S., Schultze-Lutter, F., Bechdolf, A., Brockhaus-Dumke, A.,
Klosterkotter, J., 2007. Neurocognitive indicators for a conversion to psychosis: com-
parison of patients in a potentially initial prodromal state who did or did not convert
to a psychosis. Schizophr. Res. 92 (1–3), 116–125.

Reichenberg, A., Harvey, P.D., 2007. Neuropsychological impairments in schizophrenia:
integration of performance-based and brain imaging findings. Psychol. Bull. 133
(5), 833–858.

Reichenberg, A., Mollon, J., 2016. Challenges and opportunities in studies of cognition in
the Prodrome to psychosis: no detail is too small. JAMA Psychiat. 73 (12), 1249–1250.

Rende, B., Ramsberger, G., Miyake, A., 2002. Commonalities and differences in the work-
ingmemory components underlying letter and category fluency tasks: a dual-task in-
vestigation. Neuropsychology 16 (3), 309–321.

Riecher-Rossler, A., Pflueger, M.O., Aston, J., Borgwardt, S.J., Brewer, W.J., Gschwandtner,
U., Stieglitz, R.D., 2009. Efficacy of using cognitive status in predicting psychosis: a
7-year follow-up. Biol. Psychiatry 66 (11), 1023–1030.

Schultze-Lutter, F., Ruhrmann, S., Hoyer, C., Klosterkotter, J., Leweke, F.M., 2007. The initial
prodrome of schizophrenia: different duration, different underlying deficits? Compr.
Psychiatry 48 (5), 479–488.

Snyder, H.R., Munakata, Y., 2008. So many options, so little time: the roles of association
and competition in underdetermined responding. Psychon. Bull. Rev. 15 (6),
1083–1088.

Snyder, H.R., Hutchison, N., Nyhus, E., Curran, T., Banich, M.T., O'Reilly, R.C., Munakata, Y.,
2010. Neural inhibition enables selection during language processing. Proc. Natl.
Acad. Sci. U. S. A. 107 (38), 16483–16488.

Snyder, H.R., Banich, M.T., Munakata, Y., 2011. Choosing our words: retrieval and selection
processes recruit shared neural substrates in left ventrolateral prefrontal cortex.
J. Cogn. Neurosci. 23 (11), 3470–3482.

Snyder, H.R., Miyake, A., Hankin, B.L., 2015. Advancing understanding of executive func-
tion impairments and psychopathology: bridging the gap between clinical and cogni-
tive approaches. Front. Psychol. 6, 328.

Wilkinson, G.S., Robertson, G.J., 2006. Wide Range Achievement Test 4 Professional Man-
ual. Psychological Assessment Resources, Lutz, FL.

Woodberry, K.A., Giuliano, A.J., Seidman, L.J., 2008. Premorbid IQ in schizophrenia: a
meta-analytic review. Am. J. Psychiatry 165 (5), 579–587.

Xu, J.Q., Hui, C.L., Longenecker, J., Lee, E.H., Chang, W.C., Chan, S.K., Chen, E.Y., 2014. Exec-
utive function as predictors of persistent thought disorder in first-episode schizo-
phrenia: a one-year follow-up study. Schizophr. Res. 159 (2–3), 465–470.

http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0070
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0070
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0075
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0075
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0080
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0080
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0080
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0085
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0085
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0090
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0090
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0095
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0095
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0095
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0100
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0100
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0105
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0105
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0110
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0110
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0115
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0115
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0115
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0120
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0120
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0120
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0125
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0125
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0125
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0130
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0130
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0130
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0135
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0135
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0140
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0140
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0140
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0145
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0145
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0150
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0150
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0150
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0155
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0155
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0155
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0160
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0160
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0165
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0165
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0165
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0170
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0170
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0170
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0175
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0175
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0180
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0180
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0180
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0190
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0190
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0190
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0195
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0195
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0195
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0200
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0200
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0200
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0205
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0205
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0205
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0210
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0210
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0215
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0215
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0215
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0220
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0220
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0225
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0225
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0225
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0230
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0230
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0230
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0235
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0235
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0240
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0240
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0240
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0245
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0245
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0245
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0250
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0250
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0255
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0255
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0260
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0260
http://refhub.elsevier.com/S0920-9964(18)30370-0/rf0260

	Altered selection during language processing in individuals at high risk for psychosis
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Clinical assessments
	2.3. Verb generation task
	2.4. Statistical analyses

	3. Results
	3.1. Verb generation task
	3.2. Correlations with symptoms

	4. Discussion
	Role of funding source
	Contributors
	Conflicts of interest
	Acknowledgments
	References


