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high selection demand, whereas scissors generally brings to mind
the single verb cut); and (ii) greater retrieval demand, measured
as the weakness of the association strength between the noun
and the appropriate response (e.g., scissors is strongly associated
with cut and so has low retrieval demand, whereas giraffe is only
weakly associated with any verb). Specifically, reaction times
were longer in the high selection demand [log reaction time (RT)
mean (M) = 7.70, SE = 0.03; RT 2208 ms, SE = 68] than low
selection demand conditions (log RT M = 7.53, SE = 0.03; RT
1,863 ms, SE = 57) [F(1,82) = 215.9, P < 0.001], and longer in
the high retrieval demand (log RT M = 7.78, SE = 0.04; RT
2,392 ms, SE = 98) than low retrieval demand (log RT M= 7.45,
SE = 0.03; RT 1,720 ms, SE = 52) conditions [F(1,82) = 387.9,
P < 0.001] (Fig. 1B and Table S1). In addition, we found an
interaction between selection and retrieval demands: selection
costs were greater under low retrieval demands [log RT differ-
ence (diff.) M = 0.20, SE = 0.02; RT diff. 352 ms] than under
high retrieval demands (log RT diff. M = 0.13, SE = 0.02; RT
diff. 324 ms) [F(1,82) = 12.1, P = 0.001] (Fig. 1C).
Our model simulates and provides a framework for un-

derstanding these findings. The model uses a powerful framework
that simulates the electrophysiological properties of neurons and
can use networks of such neurons to simulate human behavior,
including language and cognitive control (SI Methods 2.2–2.3 and
Tables S2 and S3 provides details of the modeling framework,
architecture, and simulations). The model contains layers (simu-
lated brain areas) that simulate the following: (i) presentation of
noun stimuli, (ii) activation of associated verb responses in the
posterior cortex, (iii) selection of responses in the ventrolateral
prefrontal cortex (VLPFC), and (
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and increased GABAergic function under GABA agonists, which
we then tested empirically (SI Methods 2.4–2.6 and SI Results 3.2–
3.4). These simulations showed that competitive inhibition is
critical for selection between competing alternatives, and that the
effect of competitive inhibition on selection is modulated by re-
trieval demands. Decreasing competitive inhibition (as in anxiety)
impairs selection (Fig. 3A), whereas increasing competitive in-
hibition (as under GABA agonists) improves selection (Fig. 4A).
These effects of competitive inhibition on selection are more ro-
bust when retrieval demands are low. When retrieval demands are
high, increased neural inhibition increases competitive dynamics
that support selection, but also reduces spreading activation that
aids retrieval, leading to weaker effects (Figs. 3A and 4A). In
contrast, changes in competitive inhibition do not affect retrieval
when selection demands are low (i.e., there is one associated re-
sponse and thus no spreading activation). Thus, the simulations
predict that reduced neural inhibition associated with anxiety
will impair selection and associated VLPFC activity (26, 27) (SI
Discussion 1.2
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language processing. As predicted by neural network simulations,
selection and associated prefrontal activity in a verb-generation
task are impaired by anxiety (associated with reduced GABAergic
function), whereas selection is improved under the drug mid-
azolam (which increases GABAergic function). Of note, retrieval
is unaffected by GABAergic function; instead, other mechanisms
[e.g., sustained neuronal activation, enabled by recurrent con-
nections in PFC networks (SI Discussion 1.1)] may support re-
trieval of weakly active representations. These findings shed light
on why choosing among many options can be difficult for anyone,
and why it can be paralyzing for people with anxiety.
In complex decision-making tasks, choice-overload is believed

to increase when there are many options (1–3), the options are
similar (29), or there is conflict between equally good options
(30). Similarly, in language production, the difficulty of selecting
among words has been described as a function of the number of
alternatives (31), or similarity of activation levels across alter-
natives (5, 32). Each of these factors can be seen as increasing
the amount of time necessary to resolve competition among
options through neural inhibition, as each increases the degree
to which multiple options are represented with equal strength.
Although we are normally able to use cognitive control to

overcome these selection difficulties, this process becomes more
difficult for persons with anxiety. Our modeling and empirical
work suggest that the reduced GABAergic function associated
with anxiety leads to impaired competitive neural inhibition and
contributes to difficulty in selection. AlthoughGABA agonists are
widely used to treat the affective symptoms of anxiety disorders
(33), we demonstrate that midazolam improves the cognitive
process of selection in a nonclinical population, suggesting that
GABA agonists may also be effective in treating the cognitive
control and decision-making deficits in anxiety disorders.

Even for individuals without anxiety disorders, the difficulty of
selecting between options has important real-world consequences
in domains beyond language production. When people are faced
with too many options, they may use suboptimal heuristics to re-
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