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To the Editor:

Impulsivity, a psychological construct comprising both motor
and cognitive factors, is thought to underlie important inter-
individual differences in health and disease (1). In particular,
reflection impulsivity, which refers to the tendency to gather
and evaluate information before decision making (2), has been
implicated in many psychiatric and neurological disorders
(3–5). One of the standard tasks for measuring reflection
impulsivity in healthy and clinical populations is the Informa-
tion Sampling Task (IST), designed by Clark et al. (3) and
included in the widely used Cambridge Neuropsychological
Test Automated Battery (CANTAB) (6). In this CANTAB version
of the IST, participants sample a variable amount of informa-
tion about an uncertain outcome before making a decision.
The amount of information sampled before the decision gives
a measure of participants’ reflection impulsivity. In this corre-
spondence, we show that the calculation of the IST’s main
outcome measure, P(correct), is based on incorrect statistical
inference, resulting in systematic overestimation of partici-
pants’ reflection impulsivity and potentially inflated type II error
rates. This might affect the results of numerous recent
psychopharmacological, neuropsychological, and psychiatric
publications that have used the IST (4,5,7).

In the IST, participants are presented with a 5 3 5 grid of
closed boxes, each of which is of one of two colors.
Participants indicate on each trial which of the two colors
they believe to be in the majority, and can sample information
before making a decision by opening boxes one at a time to
reveal their colors. The task’s two outcome measures are 1)
the number of boxes opened before the decision is made and
2) P(correct), or the probability that the participant’s chosen
color was in the majority, based on the boxes opened at the
time of response. Many studies (3–5,7) tend to focus on
P(correct) as the outcome measure because it is thought to
provide the more accurate estimate of reflection impulsivity,
given that a given number of open boxes can be associated
with very different levels of decision uncertainty, depending on
the colors of the open boxes.

Let n1 be the number of open boxes of the color the
participant chose and n2 the number of open boxes of the
unchosen color. The IST calculates P(correct) as follows:

PðcorrectÞ ¼
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where Z ¼ 25 – ðn11n2Þ, the number of boxes still to be
opened, and A ¼ 132 n1, the number of additional boxes of
the chosen color required for a majority. Intuitively, Equation 1
enumerates combinations of boxes that would provide a
majority for the chosen color (numerator) as a fraction of
possible configurations of colors in the unopened boxes,
assuming that each unopened box has an equal probability
of being either of the two colors (denominator). Although prima
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SEE COMMENTA
facie reasonable, this assumption of equal probability mis-
takenly assumes that unopened box colors are conditionally
independent from the boxes already opened. In fact, however,
the colors of the opened boxes provide important information
to the participant regarding the underlying proportions of the
two colors. For instance, if nine boxes have been opened and
all nine are blue, it is extremely unlikely that the sixteen
unopened boxes are half blue and half yellow. Because of
this conditional dependence, the colors of open boxes provide
information about the majority color that is not incorporated
into Equation 1. As a result, Equation 1 underestimates
P(correct), and therefore overestimates participants’ reflection
impulsivity.

An accurate calculation of P(correct) must take into account
the colors of the open boxes. Formally, this can be expressed
as a Bayesian inference problem over y, the true number of
boxes of the chosen color in the entire grid. Following Bayes’
rule, the probability mass function (PMF) for y given the colors
of open boxes is given by Equation 2:

Prðy 5 Mjn1;n2Þ 5
Pr y 5 Mð ÞPrðn1;n2jy 5 MÞ

Prðn1;n2Þ
(2)

where Pr y 5 Mð Þ is the prior probability that y takes a given
value, Prðn1; n2jy 5 MÞ is the likelihood of the opened boxes
if the true number of boxes of the chosen color were M, and
Pr n1; n2ð Þ is a normalization constant. Under a naïve prior (i.e.,
because participants are given no advance knowledge regard-
ing the relative proportions of colors), this PMF is given by
Equation 3 (8):
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A more accurate P(correct) measure can therefore be
calculated as follows (MATLAB code available at https://
github.com/danielbrianbennett/ist/):

P correctð Þ 5 PrðyZ13jn1;n2Þ
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Prðy 5 Mjn1; n2Þ (4)

Although the error in Equation 1 is problematic in itself, a
greater concern is that the size of the error is likely to vary
systematically across participants. The discrepancy between
the two P(correct) measures is largest for small numbers of
boxes opened, and approaches zero with greater numbers of
boxes opened. Consequently, the original P(correct) measure
overestimates reflection impulsivity more for participants high
in reflection impulsivity than for those low in reflection
impulsivity. Results of previous studies comparing P(correct)
between impulsive patient groups and healthy controls are
therefore unreliable. This error will tend in most cases to
underestimate the size of differences between groups, and
therefore the error in P(correct) is likely to result in an inflated
type II error rate (i.e., failure to reject a false null hypothesis).
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Figure 1. Mean error size (vertical axis) as a function of number of boxes
opened (horizontal axis). Error size was calculated as the difference between the
revised P(correct)measure and the original P(correct)measure. Larger error sizes
indicate greater underestimation of P(correct) by the original measure, and
therefore greater overestimation of reflection impulsivity.
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Empirical findings support this conclusion. Reanalysis of
data from a separate sample of 109 participants (9) revealed
that the size of the P(correct) error varied as a function of
number of boxes opened (Figure 1). The average amount of
underestimation of P(correct) using the IST formula was 7.7%
(SD 5 3.56%). Significant group-mean differences of approxi-
mately this size have been previously reported (3,5), and
therefore this error size is clearly of practical significance.

In summary, the computation of the major outcome mea-
sure of the IST is based on a flawed statistical assumption that
results in systematic overestimation of reflection impulsivity.
The size of this error differs for different levels of reflection
impulsivity, and therefore the overestimation may compromise
statistical inferences made using this measure. In particular,
past research reporting group differences in reflection impul-
sivity (4,5) may have significantly underestimated effect sizes,
whereas studies reporting null findings (7) might have failed to
detect true group differences in reflection impulsivity.
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