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Review of Salinas and Stanford.

The countermanding or stop-signal task
involves making a response to a go stimu-
lus, but stopping this response on a subset
on trials when a stop signal occurs. As the
delay between the go stimulus and the
stop signal (stop-signal delay or SSD) in-
creases, stopping becomes more difficult,
because the go process has a larger head-
start on the stop process. When subjects
fail to stop on stop-signal trials, their
responses tend to be faster than on trials
without a stop signal. These results were ex-
plained with the independent race model
(Logan and Cowan, 1984), which suggests
that a go process, initiated at go stimulus
onset, races independently against a stop
process that is initiated at the stop signal. If
the go process finishes first, subjects com-
plete the go response; if stop finishes first,
subjects stop. This model proposes that
failed-stop reaction times (RTs) are faster
than no-stop-signal RTs because only the
fastest go responses escape inhibition.

The independent race model (Logan
and Cowan, 1984) is formulated very gen-
erally to capture finishing time distribu-
tions, without any commitment to the
underlying neural processes. It allows
computation of stop-signal reaction time

(SSRT), which can be used to compare
inhibitory control across age, patient
groups, or experimental conditions.

Recent work has attempted to specify
the neural underpinnings of stopping.
Boucher et al. (2007) proposed the “interac-
tive race model” in which neural inhibition
is the mechanism for stopping. Neurophys-
iological data from the frontal eye fields and
superior colliculus in monkeys performing
a saccade stop task (Hanes et al., 1998; Paré
and Hanes, 2003) and from premotor cor-
tex of monkeys performing a manual stop
task (Mirabella et al., 2011) demonstrated
modulation of neural activity arising from a
network of mutually inhibitory neurons.
The interactive race model involves mutu-
ally inhibitory go and stop units. The go
process is initiated by the go stimulus, there
is a delay for go stimulus encoding, and then
the go unit activates. Similarly, the stop pro-
cess is initiated by the stop signal, there is a
delay for stop stimulus encoding, and then
the stop unit activates. Model fits showed
that the stop unit potently inhibits the go
unit very late in their processing. This pro-
duces finishing times that appear indepen-
dent, as assumed by Logan and Cowan
(1984), because the go and stop processes
proceed independently for most of their
duration.

Salinas and Stanford (2013) have now
proposed a new model of stopping that
emphasizes the time to perceive the stop
stimulus. This work builds on the founda-
tion of the compelled saccade task (Shankar
et al., 2011), which attempts to separate the
contribution of perceptual and motor pro-

cessing in choice RT. Like in the interactive
race model, Salinas and Stanford (2013)
suggest that programming a saccade in-
volves buildup to a threshold. When a stop
signal occurs, it is detected with a particular
speed and reliability by perceptual mecha-
nisms. Once the stop signal is detected, the
movement plan decelerates, stopping the
movement. This model is a formal descrip-
tion of the necessary condition for a re-
sponse to be stopped (the rate of go
activation becomes zero), but there is no
commitment to a mechanism that causes
the rate to change. It could be inhibition, as
others have suggested (Boucher et al., 2007;
Lo et al., 2009; Wong-Lin et al., 2010).

Salinas and Stanford (2013) showed
that this “cancellable rise-to-threshold”
model, like the Boucher et al. (2007)
model, replicates countermanding behav-
ior and the dynamics of neural recordings.
They also suggest a measure called raw
processing time (rPT), which is calculated
on each trial by subtracting SSD from RT.
rPT is essentially the same as the relative fin-
ishing times (Logan, 1981) that motivated
the race model (Logan and Cowan, 1984).

Salinas and Stanford (2013) emphasize
the differences between their cancellable
rise-to-threshold model and previous race
models, but the similarities are so pro-
found that the models are essentially the
same mathematically. In both their model
and the interactive race model (Boucher
et al., 2007), a go stimulus initiates a delay
for stimulus encoding and then a noisy
accumulation process that takes a variable
amount of time to reach threshold. In
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both models, a stop signal initiates a two-
stage process. First, there is a delay in
which the go process and the stop signal
do not interact (Dstop in interactive race
and �s in cancellable rise-to-threshold).
Second, after detecting the stop signal, the
go activation is inhibited (Bstop in interactive
race represents neural inhibition) or decel-
erated (� in cancellable rise-to-threshold
represents the rate of deceleration). If go ac-
cumulation is stopped before reaching
threshold, then subjects will not make a re-
sponse. If go accumulation reaches thresh-
old, subject will make a response. This
applies to both models, revealing that these
models are strikingly similar.

Recognizing that the models are very
similar, Salinas and Stanford (2013) suggest
an important difference: In race models, in-
hibition is all or none, but in their model it
results from a gradual interaction. However,
race models do not assume all-or-none in-
hibition. The independent race model
(Logan and Cowan, 1984) makes no com-
mitment about underlying neural inhibi-
tion. The interactive race model (Boucher et
al., 2007) does not have all-or-none inhibi-
tion and the interaction between the go and
stop units determines the winner. After a de-
lay (Dstop), the stop unit begins to accumu-
late activation and inhibit the go unit. The
amount of inhibition of the go process by
the stop process is determined by the prod-
uct of the strength of inhibition (Bstop) and
the rising stop unit activity (astop). This pro-
duces increasing inhibition in the period be-
fore the winner is determined. Fitting the
interactive race model to data has suggested
that inhibition from stop onto go is potent
(Boucher et al., 2007), but potent inhibition
is not all-or-none inhibition.

Salinas and Stanford (2013) suggest an
experiment to distinguish between the inde-
pendent race model (Logan and Cowan,
1984) and their cancellable rise-to-
threshold model. They suggest a selective
stop task in which a stop signal sometimes
appears and remains and subjects stop, and
other times appears momentarily then turns
off (transient stop signal) and subjects re-
spond. Salinas and Stanford (2013) suggest
that in the cancellable rise-to-threshold
framework, a transient stop signal would
momentarily interrupt the go process, and
then the interrupted go process would
resume. They suggest that in the inde-
pendent race model, the transient stop
signal would completely stop the go
process, and the go activation would be
erased and restart from zero.

There are three problems with the pro-
posed experiment. First, the independent
race model only addresses finishing times

and makes no predictions about the accu-
mulation, reduction, or restarting of go or
stop activation, so none of the possible
outcomes of this experiment would be in-
consistent with it. Second, the interactive
race model could make essentially the
same prediction as cancellable rise-to-
threshold, because go activation remains
high for a period of time after stop begins
to inhibit go (see Boucher et al., 2007, Fig.
6f). Third, Gordon Logan and I have data
that suggests that this experiment will not
distinguish between race models and can-
cellable rise-to-threshold. We ran a selec-
tive stopping task that is like this proposed
experiment (Bissett and Logan, 2013).
This work was in press when the Salinas
and Stanford (2013) paper was published.
There was a choice go task and occasion-
ally one of two stimuli occurred. One was
the stop signal, which meant that subjects
should inhibit their response. The other
was an ignore signal, which meant that
subjects should execute their speeded re-
sponse to the go task. Some subjects ap-
proached the task by stopping whenever a
stop or ignore signal occurred and then
re-engaged their response on ignore trials.
Go RT on ignore trials were faster than
they would be if go activation reset from
baseline. We assessed this by re-calculating
go RT on ignore trials relative to the onset of
the ignore stimulus. If activation was reset to
baseline, then go RT relative to the onset of
the ignore stimulus should be at least as slow
as go RT on no-signal trials, but it was faster,
so go activation cannot have been reset to
baseline. This result is consistent with the
independent race (Logan and Cowan,
1984), interactive race (Boucher et al., 2007)
or cancellable rise-to-threshold models
(Salinas and Stanford, 2013), suggesting
that Salinas and Stanford’s (2013) proposed
experiment will not distinguish between al-
ternative stopping models.

It appears that behavioral and neuro-
physiological data have not been able to
distinguish between the interactive race
(Boucher et al., 2007) and cancellable rise-
to-threshold (Salinas & Stanford, 2013)
models. One way that Salinas and Stan-
ford (2013) distinguish between the two
models is that race models involve inhibi-
tion but their model does not. Salinas and
Stanford (2013) do not propose an alterna-
tive mechanism. Human neuroscientific
work addresses whether stopping involves
neural inhibition. Badry et al. (2009) used
transcranial magnetic stimulation to show
that when subjects stop hand movements, a
pulse to the motor cortex suppresses the
motor evoked potential bilaterally in both
hands and legs. This suggests that stopping

involves neuronal suppression across the
motor cortex, supporting neural inhibition
as the mechanism for stopping.

In summary, Salinas and Stanford
(2013) presented a model to explain coun-
termanding performance. It emphasizes
that subjects must perceive the stop signal
before acting on it, and it makes no assump-
tions about inhibitory mechanisms. But
their model is essentially the same math-
ematically as previous neural models
(Boucher et al., 2007; Lo et al. 2009; Wong-
Lin et al. 2010) that explain stopping, except
that the interactive race model (Boucher at
al., 2007) proposes a mechanism (inhibi-
tion) for how the go response is stopped.
This suggests that the cancellable rise-to-
threshold model does not improve on exist-
ing race models for the stop-signal task.
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Paré M, Hanes DP (2003) Controlled move-
ment processing: superior colliculus activity
associated with countermanded saccades.
J Neurosci 23:6480 – 6489. Medline

Salinas E, Stanford TR (2013) The counter-
manding task revisited: fast stimulus detec-
tion is a key determinant of psychophysical
performance. J Neurosci 33:5668 –5685.
CrossRef Medline

Shankar S, Massoglia DP, Zhu D, Costello MG,
Stanford TR, Salinas E (2011) Tracking the

Bissett • Journal Club J. Neurosci., July 24, 2013 • 33(30):12150 –12151 • 12151

http://dx.doi.org/10.1016/j.clinph.2009.06.027
http://www.ncbi.nlm.nih.gov/pubmed/19683959
http://dx.doi.org/10.1037/a0032122
http://www.ncbi.nlm.nih.gov/pubmed/23477668
http://dx.doi.org/10.1037/0033-295X.114.2.376
http://www.ncbi.nlm.nih.gov/pubmed/17500631
http://www.ncbi.nlm.nih.gov/pubmed/9463444
http://dx.doi.org/10.1523/JNEUROSCI.6164-08.2009
http://www.ncbi.nlm.nih.gov/pubmed/19605643
http://dx.doi.org/10.1037/0033-295X.91.3.295
http://dx.doi.org/10.1152/jn.00995.2010
http://www.ncbi.nlm.nih.gov/pubmed/21697448
http://www.ncbi.nlm.nih.gov/pubmed/12878689
http://dx.doi.org/10.1523/JNEUROSCI.3977-12.2013
http://www.ncbi.nlm.nih.gov/pubmed/23536081


temporal evolution of a perceptual judgment
using a compelled-response task. J Neurosci
31:8406 – 8421. CrossRef Medline

Wong-Lin K, Eckhoff P, Holmes P, Cohen JD
(2010) Optimal performance in a counter-

manding saccade task. Brain Res 1318:178–187.
CrossRef Medline

12151a • J. Neurosci., July 24, 2013 • 33(30):12150 –12151 Bissett • Journal Club

http://dx.doi.org/10.1523/JNEUROSCI.1419-11.2011
http://www.ncbi.nlm.nih.gov/pubmed/21653845
http://dx.doi.org/10.1016/j.brainres.2009.12.018
http://www.ncbi.nlm.nih.gov/pubmed/20034481

	The Countermanding Task Revisited: Mimicry of Race Models
	References


