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ABSTRACT ARTICLE HISTORY

The Cognitive Reflection Test is a widely used measure of the Received 5 November 2020
degree to which individuals override an intuitive response Accepted 31 January 2022
and engage in reflection. For both theoretical and practical KEYWORDS

reasons, it is widely takep to assess an important compongnt Cognitive reflection test;
of rational thought. In !:hIS paper, | will argue that Wh'l|.e doing rationality; testimony;
well on the CRT requires valuable cognitive capacities and deference

dispositions, doing badly does not always indicate a lack of

such capacities and dispositions. The CRT, | argue, offers

respondents implicit (but misleading) testimony: some of

those who do badly do so due to a stronger disposition to

defer to testimony. Since deference is not irrational, those

who do badly need not be irrational, not even in part.

An ancient tradition defines humanity as the rational animal. But a very
large body of work in psychology seems to indicate that human rationality is
very limited. Study after study seems to reveal that we are bad reasoners. We
are subject to a range of heuristics and biases that distort our cognition
(Kahneman, 2011; Kahneman et al.,, 1982); we are motivated reasoners,
deploying our capacities to defend our gut feelings, our ideological allies
and speculations flattering to us rather than searching for the truth (Kahan,
2013), we go with our gut because we are too lazy to analyze (Pennycook &
Rand, 2019c¢), and so on.

There are two main ways to challenge the claim that these studies show us
to be irrational. The first is to challenge the ecological validity of the
findings. Perhaps the irrationality apparently manifested is the product of
the fact that while human cognition works well when faced with the kind of
challenges it is designed (by evolution) for, it misfires in the face of carefully
designed laboratory tasks. If that’s so, then the findings might indicate little
about how rational we are in our day to day lives." A second kind of
response would consist in arguing that the findings have been
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misinterpreted, and that the responses elicited in the lab are really rational.
In this paper, I will pursue the latter kind strategy. Focusing on the
Cognitive Reflection Test (CRT), I will argue while agents may respond
badly (in some sense) on the items that comprise the test, responding badly
does not entail responding irrationally.

Since this claim is central to the paper, it is important to say a few words
about how I am using the terms ‘rational’ and ‘rationality’. The apparent
finding that human cognition regularly and predictably diverges from
(Bayesian) normativity has sparked a now well-developed debate. One
familiar response insists that these responses are ecologically rational, even
if they are not Bayesian rational. They may depart from the former in that
they ignore evidence, or respond perversely to it, or fail to respect transi-
tivity; nevertheless, they are adaptive responses to the kinds of challenges we
tend to face (or, in another version, tended to face in ancestral environ-
ments). Indeed, they may even be epistemically adaptive responses: they
tend to generate the right answer by processing information in ways that
depart from Bayesian rationality. In a phrase, we may be rationally irra-
tional: by departing from Bayesian normativity, we better secure our epis-
temic goals. In this paper, I take no stand on whether bad responses on the
CRT are ecologically rational. I am concerned with something more like
Bayesian rationality. Ecological rationality is indirect: to the extent to which
ecologically rational responses are (only ecologically) rational, they secure
rationality by departing from direct rationality. I aim to defend the direct
rationality of bad responses on the CRT.

The outputs of cognition are indirectly rational when they allow us to
better secure our epistemic goals despite failing to weigh evidence in the
normative manner. They are directly rational when the mechanisms adhere
to the norms of logic and decision theory (Sturgeon, 1994; Way, 2017).
Ecological rationality is assessed by focusing on outputs: a process is ecolo-
gically rational when it tends to generate the correct (or a better) output in
appropriate circumstances. How they are generated is irrelevant to their
being ecologically rational. Direct rationality is assessed by reference to the
normative appropriateness of the process, and not the outcome: rational
response is compatible with reaching an incorrect answer. This usage of
‘rational” and the way in which it allows for a dissociation between ration-
ality and correctness of response is familiar. If a detective’s evidence is
misleading, she might rationally identify the wrong culprit, for instance.
I describe those who give an incorrect response to CRT items as responding
badly. It is a further question whether in doing so they respond irrationality.
Since two agents may give divergent but equally rational responses to the
same information (due, for instance, to different Bayesian priors), we can’t
immediately infer from incorrectness of response to irrationality of
processing.
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In this paper, then, I will put forward evidence that I claim suggests that
some significant proportion of the bad responses to the CRT are not
irrational: they are generated by appropriate deployment of a mechanism
designed for responding to reasons, in an environment that is epistemically
hostile.” While success in identifying the right solution may indicate valu-
able cognitive competences, these failures do not arise from defects in
reasoning competences.

The cognitive reflection test

The CRT is a very widely used test,” typically understood as measuring the
extent to which individual cognition relies on reflective versus intuitive
processes. The CRT (like other paradigms understood as probing ration-
ality) is usually conceptualized within the framework of dual process (or
dual system) accounts of cognition. On these kinds of views, cognitive
processes tend to exhibit one or the other set of mutually incompatible
teatures (Evans, 2008; Evans et al., 2013). Type 1 cognition is (always or
typically, depending on the version) fast, mandatory in its operation, effort-
less (both in its phenomenology and insofar as it is not dependent on the
availability of cognitive resources), and typically unconscious. Type 2 cog-
nition has the opposite profile: it is slow, must be engaged and sustained
effortfully, degrades under cognitive load and is conscious, in the sense that
agents know when they are engaged in it. Type 1 cognition is typically
assumed to be evolutionarily ancient, whereas Type 2 cognition is a more
recent evolutionary adaptation.

The CRT consists of three questions (Frederick, 2005)

(1) A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the
ball. How much does the ball cost? cents

(2) Ifit takes 5 machines 5 minutes to make 5 widgets, how long would it
take 100 machines to make 100 widgets? minutes

(3) In alake, there is a patch of lily pads. Every day, the patch doubles in
size. If it takes 48 days for the patch to cover the entire lake, how long
would it take for the patch to cover half of the lake? days.

These questions seem to be very easy, requiring only simple arithmetic for
their solution (we shall return to the question of their difficulty later). But
the questions are worded to make a particular, wrong, response ‘intuitive’,
where a response is intuitive in case it comes to mind easily, and is
accompanied by a feeling of rightness (Thompson et al., 2011). For instance,
in Bat and Ball, it is tempting to answer 10c, because $1.10 minus $1.00 is
10c. Most people do indeed give that answer (many who give the right
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answer give this wrong answer first; (Frederick, 2005)). Reflection is
required to override the intuitive response and calculate the correct one.
We might check our answer, and notice that if the patch doubles every day,
and it covers half the lake on day 24, it would cover the entire lake on day 25.
Having noticed this, we can easily see the right answer: the patch must cover
half the lake the day before day 48. While the reasoning involved seems easy,
once we have worked through it, a surprisingly large proportion of partici-
pants answer none of the questions correctly. In his original paper,
Frederick reported CRT scores - assessed by giving one point for a correct
answer and zero for an incorrect — ranging from 2.18 for MIT students to
0.57 for University of Toledo students. Nowhere did a majority of partici-
pants get all three questions right.

The CRT is understood as tapping into a central and important compo-
nent of rational cognition, on both empirical and theoretical grounds. The
CRT is understood as assessing the disposition and capacity to engage in
Type 2 processing. The CRT is understood to tap into Type 2 processing
because success at the task seems to require (successfully) overriding cog-
nitive miserliness: the disposition to avoid effortful processing in favor of
heuristic processing. Effortful processing, as we have seen, is the domain of
Type 2 cognition. Type 2 cognition, in turn, is often regarded as central to
rational cognition, for a range of reasons. Type 2 cognition is unique to (or
very much more significantly developed in) human beings (Evans et al.,
2013), who are widely held to owe their adaptive success to their intelligence
(Pinker, 2010). Our paradigms of rational thought, like mathematics, phi-
losophy and science, are very heavily dependent on Type 2 cognition
(Kahneman, 2011). Moreover, Type 2 cognition is domain general, allowing
for a flexibility of thought that is denied to relatively encapsulated Type 1
cognition (Evans et al., 2013; Shea & Frith, 2016). Whereas Type 1 cognition
is domain specific, Type 2 cognition enables us to combine propositions that
pertain to any domain whatsoever with propositions that pertain to any
other, which is a necessary condition for certain kinds of innovative thought
(Levy, 2014) .

On the empirical side, there is evidence that CRT scores correlate with
and predict beliefs and dispositions that themselves seem indicative or
even constitutive of rational cognition. Frederick reported that CRT scores
correlated with scores on the SAT (the standardized test widely used for
college admissions in the United States), and also predict reduced tem-
poral discounting. Since the capacity to forgo immediate reward for later,
larger, rewards is essential to long term planning, this is evidence that the
CRT measures an important capacity, with real-world consequences. More
recently, Pennycook et al. (2016) reviewed evidence that CRT scores
predict better performance on multiple decision making and reasoning
tasks. As they note, CRT scores also appear to predict religious disbelief
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(Pennycook et al., 2012; Shenhav et al., 2012) and belief in evolution
(Gervais, 2015). As we saw above, moreover, those at more selective
institutions perform better on the CRT than those at less selective
institutions.

No task and no behavioral measure is process pure, of course, and few
researchers would be willing to claim that the CRT should be understood
simply as tapping into rational thinking. Evans et al. (2013), in particular,
warn against identifying type 2 cognition with rational processing.
Nevertheless, the standard view sees the CRT as tapping into two valuable
and dissociable components of thought: a central component of thinking
style, on the one hand, and analytic processing, on the other (Pennycook
et al., 2014a; Toplak et al., 2011). In order to succeed on CRT items, one
must, first, inhibit the intuitive response and, second, effortfully generate the
correct response. Incorrect responses may therefore reflect either
a disposition to be satisfied with intuitive responses without checking, or
a lack of capacity to identify the correct response. It is the contribution of
these two independent components of cognition that justifies the claim that
it taps into the disposition and the capacity to engage in Type 2 reasoning.
Agents may possess one without the other: they may possess the disposition
to inhibit intuitive responses, but lack the capacity to identify the correct
response, or they may possess the capacity to identify the correct response
but lack the disposition to try (they may not be motivated to check their gut
feelings, for instance).

Since both disposition and capacity seem to be independently valuable
and jointly necessary for doing well on a range of reasoning tasks, there are
therefore plausible reasons for thinking that the processes into which the
CRT taps are required for good cognitive performance (especially, but not
only, in epistemically hostile environments).It is this kind of thought that
justifies (to some extent, at least), the incautious identification of the CRT as
a test of “rational thinking” (Toplak et al., 2011) or “thinking well”
(Royzman et al., 2014).

Given the correlation between CRT scores and a host of other mea-
sures of cognitive performance (Toplak et al., 2011), it is difficult to deny
that it taps into abilities and dispositions that are important for cognitive
success. Nevertheless, I will suggest that while good performance on the
CRT requires valuable abilities and useful dispositions, bad performance
need not indicate bad thinking or lack of important capacities (where
“capacity” ranges over both cognitive ability and appropriate thinking
styles).

A widely held account of failures of good performance on the CRT holds
that incorrect answers stem from intuition (whereas correct answers stem
from reflection). But this answer conflicts with the available evidence. First,
reverse scoring the CRT - so that respondents score one point for every
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intuitive answer and zero for any other response - yields results that do not
correlate well with the Faith in Intuition (FI) scale (Pennycook et al., 2016).
The FI scale is a widely used self-report scale, designed to measure the
degree to which people trust their hunches and instincts (Epstein et al,,
1996), and which correlates well with beliefs and personality traits asso-
ciated with intuitiveness (Pacini & Epstein, 1999). The low correlation
between FI and the reversed score CRT suggests that those who give the
intuitive (but wrong) answer do not do so, in the main, because that answer
is intuitive. In fact, those participants who gave the intuitive responses did
not score higher on the scale than those who gave unintuitive but wrong
responses. Second, for some participants the correct answer itself seems to
be intuitive (Bago & De Neys, 2019). Perhaps for these participants, the
arithmetic or logical reasoning required for generating the correct answer is
overlearned, such that they can easily and effortlessly produce the right
response (De Neys & Pennycook, 2019).

Third, there is evidence that the processes underlying the CRT can be
dissociated, and the reflective component manipulated while the (putative)
intuitive component cannot; this suggests that the CRT is not a measure of
intuition (McPhetres, 2018). The process dissociation procedure aims math-
ematically to isolate and measure the independent contribution of auto-
matic and controlled process when they might otherwise be confounded. If
the CRT measures both reflection and intuition, as commonly held, then
isolating them should yield parameters that can each be independently
manipulated. This is not what McPhetres found: while cognitive load and
speeded response decreased scores on the reflective component, they failed
to increase scores on the intuitive component. Moreover, differences across
individuals seemed to be very largely due to differences in the former and
not the latter. This suggests that the CRT is not measuring individual
differences in intuitiveness.

Fourth, and contrary to the repeated claim in the literature that CRT
items are easy, a substantial number of individuals fail to identify the correct
response when they perform the CRT in the form of a multiple choice quiz,
and the intuitive response is not available (Patel et al., 2019). Even when
prompted to deliberate and assured that the correct response is one of the
four options presented, participants failed to identify the correct response
on an average of 27% of trials (guessing would result in 25% of responses
being correct, so while this is well above chance, it is far from the near 100%
we’d expect if the items were genuinely easy when the intuitive option is
removed). Response times increased significantly, but longer RTs were not
associated with more accurate answers. Again, this suggests that poor
performance on the CRT cannot simply be explained as arising from
reliance on intuition.
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I will argue that while good performance on the CRT may indeed be
a function of cognitive ability and valuable thinking styles, poor perfor-
mance is often due to a disposition to defer. By ‘deference’, I mean the
disposition to accept testimony. One agent defers to another when she
accepts the first agent’s word for some proposition. As a number of philo-
sophers have emphasized, much - perhaps most - of what we know, we
know in virtue of testimony (Coady, 1992; Lackey & Sosa, 2006), and our
pervasive reliance on testimony is now increasingly recognized within
cognitive science (e.g., Rabb et al., 2019). Deference is often rational: other
people are often better placed to assess some proposition than we are, in
virtue of differences in expertise, in experience or diligence. We therefore
routinely defer and thereby acquire knowledge. I will argue that deference
often occurs in the absence of explicit testimony. One agent may defer to
a second by acting or believing in the way that they (consciously or uncon-
sciously) take to be recommended by the second agent’s behavior, or even
by subtle features of the context. The CRT, I will suggest, may rationally be
taken to provide implicit recommendations, and poor performance on it
may be a function of differences in dispositions to accept such
recommendations.

Implicit testimony: Nudges

Testimony, as the term is used in philosophy, refers to information con-
veyed secondhand. The great majority of the philosophical debate over the
epistemic status of testimony focuses on assertion: one agent provides
testimony to another when the first intentionally and explicitly conveys
information to the second (e.g., verbally); the second agent defers to the
testimony (in the sense I mean here) when they accept the information
conveyed. But testimony can be implicit as well as explicit, and deference
to implicit testimony is a familiar phenomenon (though it is rarely
thought of in these kinds of terms). Instead, deference to implicit testi-
mony is usually seen through the same kind of prism that leads to
perceiving low scores on the CRT as evidence of a lack of cognitive
competencies. In this section, I will show how this same kind of misinter-
pretation occurs with a regard to a different set of studies: those concerned
with so-called “nudges” (Thaler & Sunstein, 2008). Working through these
examples will provide a sketch of the kind of hypothesis to be pursued
here, by showing how a recognition of the role of implicit testimony in
nudging aids a rethinking of apparently irrational responses in other
contexts.

Nudges are canonically defined as ways of structuring the context of
choice to encourage better choices (normally a choice is considered better
if it promotes the interest of the choosing agent better than alternatives
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would, though sometimes nudges aim at social welfare rather than the
welfare of the individual chooser; see, Hagman et al. (2015) for discussion).
Agents often make choices that are not in their own interests, but they may
be nudged to choose better. For instance, there is evidence that quite trivial
manipulations of food accessibility (for example, ensuring that healthier
foods are on more easily reached shelves or at eye level) may lead to a higher
consumption of such foods, relative to less healthy (Rozin et al., 2011; see,
Bucher et al., 2016 for review). Similarly, people often fail to save an
adequate amount of money to fund a decent retirement. But they can be
nudged into saving more: if the default option presented to new employees
sequesters a higher percentage of salary to a retirement savings account,
people tend to save more, because they tend to accept the default (see, Smith
et al., 2013 for review).

While such nudges may be in the interests of consumers, however, they
are extremely controversial. Critics argue that (at least in the absence of
further measures to mitigate these effects) nudges are manipulative or even
coercive (Bovens, 2008; White, 2013; Wilkinson, 2013). These ethical issues
are not our concern: rather, what matters in this context is that nudges are
often held to threaten our autonomy because they rely on Type 1 cognition.
On both sides, proponents and opponents of nudges typically hold that
nudges bypass Type 2 cognition — and thereby the cognitive competencies
realized by it — in favor of engaging with heuristics and biases. Proponents of
nudges suggest that if we often make bad choices because our cognitive
miserliness pushes us in unhealthy or unwise directions, the solution is to
design the context of choice such that the same mechanisms promote better
choice. Typical nudges supposedly take advantage of the fact that we are
“somewhat mindless, passive decision makers” (Thaler & Sunstein,
2008, p. 37).

The argument that nudges threaten our autonomy because they bypass
Type 2 cognition is most clearly developed by John Doris (Doris, 2015,
2018). He gives the example of the ballot order effect (Darcy & McAllister,
1990; King & Leigh, 2009). Candidates at the top of the ballot have an
advantage over those lower down in the list, because people have a slight
preference for higher ranked names. In close elections, this effect can be
decisive. However, ballot order does not constitute a genuine reason in favor
of voting for a candidate - ballot order is either alphabetical, or drawn by
lot, and in neither case does ballot order correlate with candidate quality. It
follows that in being influenced by ballot order, one is having one’s choices
affected by facts that are not reasons: one is not responding to the genuine
reason-giving force of information (since, in fact, the information consti-
tuted by ballot order is not a consideration in favor of the candidates).
Therefore, to the extent that choice is influenced by ballot order, genuine
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reasoning is bypassed. Doris explicitly invokes dual process models of
cognition in arguing that these kinds of influences do not involve genuine
reasoning. They are, he says, “deeply unintelligent”.*

If the CRT probes, at least in important part, our disposition and capacity
to be guided by Type 2 cognition, then by this reasoning it assesses our
capacity to override our tendency to fall prey to such “deeply unintelligent”
mechanisms. On this view, success at the task is evidence that we reason
well, and failure evidence of bad reasoning. There are good reasons, how-
ever, to think that some significant proportion of the variance in responses -
on the both the CRT and to nudges - is explained by deference to implicit
testimony, rather than by lack of competencies partially constitutive of
rationality.

The three examples of nudges outlined above — defaults, ballot order
effects and manipulations of the salience of options - may be under-
stood as offering implicit testimony to agents. The standard view of
default effects interprets them as the result of cognitive miserliness (the
same disposition that explains why most of us are happy with the
intuitively correct response on CRT items). But there’s another inter-
pretation available: defaults may be understood as communicative.
Indeed, there is extensive evidence that agents tend to see the default
option as authoritatively recommended to them: both experimental
work (McKenzie et al., 2006) and modeling (Carlin et al., 2013) suggests
that ordinary people see defaults as reflecting expert opinion, and they
change their attitudes to the default accordingly (for instance, if organ
donation is the default option, participants see it as much less of
a sacrifice than if it must be actively chosen; Davidai et al., 2012).
The presentation of defaults is likely understood as communicative
because it is communicative: the selection of defaults is typically
meant (implicitly) to convey a recommendation. There is evidence
that the framing of options is communicative in this kind of way: for
example, a research and development team is more likely to be
described in terms of success rate, rather than its failure rate, if the
person thinks highly of it (Sher & McKenzie, 2006). Framing of options
is intended as communicative and understood as such. It is likely that
selection of defaults functions the same way.

Ballot order effects and the effects of making items more or less accessible
or salient may be understood in precisely the same way. While it is true that
candidate quality does not, as a matter of fact, correlate with ballot order
(except by chance), it may nevertheless be true that being guided by ballot
order is a rational response to an implicit reccommendation. That is, we may
be disposed to respond to the order in which options are listed in a way that
prefers items higher up the list to those lower down, because the order in
which options are presented tends to correlate with their choiceworthiness,
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and this correlation may hold because when we list options, we implicitly
intend to communicate choiceworthiness by the order in which we list
them.

Intuitively, something like this seems to be true in everyday life. An agent
asked for a restaurant recommendation will tend to list those they prefer
before those they think less of (and departures from this order, due to
temporary forgetting, would likely be signaled in some way). Somewhat
similarly, we expect more important items to be listed earlier in newspapers
and their online equivalents, and to be reported earlier in TV broadcasts. In
the light of the experimental evidence that we use framing to communica-
tive recommendations, it seems a safe bet that we use order in the same way,
and that our intention is understood. Responding to defaults, frames and
manipulations of salience may therefore be understood as deference to
implicit testimony.

Implicit testimony: The CRT

The CRT may also be understood as offering implicit testimony. It might be
useful to frame the implicit recommendations encoded in CRT items in
terms of implicature. To implicate something is to imply it contextually,
without asserting it (Grice, 1991). Implicature can usefully be understood as
implicit testimony: one agent provides testimony to another whether she
explicitly asserts a claim (“the post office is open”) or implicates it (“the post
office is just around the corner”). In fact, almost all explicit testimony
includes implicated information, since ordinary conversation relies on
conversational implicature and it is only in special contexts in which we
take care to attempt to convey all information literally (notoriously, we
rarely succeed in such attempts). Without implicature, the content of
testimony would be severely impoverished. We can also usefully understand
many nudges and allied ways of influencing choice to work through impli-
cature. The order in which we present information implicates its importance
(Green, 1998); this fact explains the ballot order effect. Similarly, making an
option salient, through the use of defaults or framing, may be understood as
implicating that it is choiceworthy. The CRT offers implicit testimony by
implicating certain responses.

As several commentators have noted, CRT items closely resemble trick
questions (Haigh, 2016). Indeed, Thomson and Oppenheimer (2016)
searched online for “trick questions” and “brain teasers” to develop a new
version of the CRT (in light of the fact that the three item test is now well
known). Like (or including) the CRT items, trick questions are in one sense
very easy. It is easy to see why the right answer must be right, when we are
told which one is right. But (again like, or including) the CRT, we tend to get
them wrong. Consider these sample trick questions:
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Q : Some months have 31 days, others have 30 days. How many have 28 days?
A : All of them.

Q : Emily’s father has three daughters. The first two are named April and
May. What is the third daughter’s name?

A : Emily.

>

Q : How many cubic feet of dirt are there in a hole that is 3’ deep x 3’ wide x 3
long?

A : None.?

In each case, there is an intuitive answer to the question, but that intuitive
answer is incorrect (or at any rate, not the answer we’re looking for). We tend
to get these trick questions wrong not because they are complicated but
because they misdirect us. The wording makes salient to us, for example, the
month which has only 28 days (as opposed to those that have at least 28 days),
and renders relatively pallid those facts that would lead us to the correct
answer. Trick questions work by violating Grice’s Cooperative Principle:
“Make your conversational contribution what is required, at the stage at
which it occurs, by the accepted purpose or direction of the talk exchange in
which you are engaged” (Grice, 1991). In particular, trick questions tend to
violate the ‘supermaxim’ “be perspicuous”, which enjoins us, among other
things, to avoid “obscurity of expression” and ambiguity. Trick questions
mislead us into giving the wrong answer because we interpret them in line
with the cooperative principle, but they deliberately violate this principle. They
implicate responses which are incorrect (or, again, not the response sought).

CRT items work in precisely the same way. The intuitive response, in
virtue of being intuitive, is implicated (that is, implicitly recommended to our
attention).® Just as, for example, the third question above misleads us into
thinking we should do some basic arithmetic to solve the question (cube 3),
so Lily Pads misleads us by making the concept ‘half salient, disposing us to
halve ‘48’ to get the answer. Bat and Ball and Machines, too, looks like
arithmetic problem of a very simple sort: subtract 1.00 from 1.10 in the first
case; multiply the number of machines by 1 in the second. These questions
are worded to implicate, and thus implicitly recommend, certain responses. It
is not because people struggle with basic arithmetic or with concepts like
‘doubling’ that they find these problems difficult: it is because they direct us to
look in certain directions for the answer, and even if we notice or are told that
the answer is wrong, it is difficult to reframe the problem.”

Patel et al. (2019) provide evidence that supports the view that the
intuitive response is implicated and that this implication plays an important
role in what response is given. They used a multiple-choice format, where
the intuitive response was not available but (contrary to the common claim
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that the questions are easy) many participants still struggled. That indicates
that the questions are, for many people, difficult. They are not mathemati-
cally difficult, of course: they are difficult because they are worded in
unhelpful ways, or because they need to be reframed to answer them
(indeed, Patel and colleagues found that the CRT loaded onto numeracy
and insight problem solving ability). It is not just because people have
trouble inhibiting the wrong response that they give the incorrect answer
on these problems. It is also because they find them difficult (Patel and
colleagues note that time spent reflecting did not predict more accurate
responses). Importantly, when we find ourselves unable to answer
a question, it is rational to defer to implicated testimony (whereas when
we can see the answer for ourselves, we should reject conflicting testimony).
Indeed, this is what we do: it is when we find questions difficult that we defer
to testimony (Mercier, 2017), and such deference is, in circumstances like
these, appropriate. Giving the intuitive response on the CRT isn’t an index
of a failure of rationality. When an agent is faced with a difficult and
confusing problem, she should defer to implicated testimony. That’s the
rational thing to do.

If one does not defer to the implicit testimony offered by the question,
then identifying the correct answer will require valuable cognitive capacities,
like numeracy and the capacity to reframe problems (whether by some kind
of stroke of insight or by more effortful variation of parameters). But
deferring to testimony itself is not irrational, and therefore giving the
wrong answer does not index a lack of rationality. Instead, I suggest, it is
(at least partly) an index of a disposition to defer. Agents who give the
intuitive answer do so because it is implicitly recommended; thus those who
are more strongly disposed to defer ought to give the intuitive answer more
often than those who are less strongly disposed to defer.

This is a testable hypothesis. If it is true that generating the wrong answer
is an index of a disposition to defer, rather than of cognitive laziness or lack
of numeracy, we should expect a correlation between epistemic deference
and low CRT scores, and we should expect that manipulating the disposi-
tion to defer should cause changes in CRT. As far as I know, there have been
no attempts to test this hypothesis directly. However, there is indirect
evidence in its favor.

Roughly speaking, political liberals have higher CRT scores than (social,
but not economic) conservatives (Deppe et al., 2015; Pennycook & Rand,
2019a).® Conservativism, in turn, is characterized by a higher degree of
ingroup loyalty and respect for authority (Graham et al.,, 2009; Talhelm
et al., 2015). Ingroup loyalty and respect for authority, especially the latter,
entail a greater willingness to take things on trust: to defer. Of course,
epistemic authorities are a subset of authorities (not only do conservatives
defer more than liberals, they are also more prone to see moral and political
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authorities as possessing epistemic authority). This correlation between
conservatism, epistemic deference and CRT is likely causal. As Talhelm
et al. (Talhelm et al., 2015) note, liberals may be more analytical because
they are more individualistic. As a result, liberals are more likely to accept
norms that run counter to the social consensus. For instance, they are less
condemning of actions that are usually judged to be immoral; (Pennycook
et al., 2014b; Royzman et al., 2014).” These findings are what we would
expect, given that conservatism is predicated on a more communal cognitive
style and therefore a greater willingness to defer epistemically.

Consistent with this hypothesis Barr et al. (2015) found that participants
who scored lower on measures of analytic thinking, including the CRT,
report greater smartphone use and in particular greater use of search
engines than those who score higher on such measures. The authors inter-
pret this through the lens of dual process theories: that is, they suggest that
those who score lower are cognitive misers, and avoid engaging in effortful
thinking by having Google do their thinking for them. The evidence Barr
et al. cite for the claim that the use of search engines reflects cognitive
miserliness, and not research into competing viewpoints, is correlational:
those who scored higher on cognitive miserliness were also more likely to
report greater use of search engines. To whatever extent the use of search
engines reflects an unwillingness to engage in critical reflection, this evi-
dence can equally be understood as supporting reliance on a kind of
epistemic deference: the substitution of the advice of a (presumably more
accurate) algorithm for our own judgment.'® The evidence indicates that
those people who are more apt to defer also tend to do worse on the CRT.
I suggest that this is no coincidence: they do worse, in part, because they
tend to defer.

The rationality of deference

There is ongoing debate about whether political ideology is correlated
with, or caused by, cognitive dispositions that are criticizable (Baron &
Jost, 2018; Ditto et al., 2018). The evidence that social (but not eco-
nomic) conservatives score worse on the CRT might be thought to
provide indirect evidence that conservatism is caused by or causes bad
thinking. If the worse performance of conservatives arises from
a stronger disposition to defer, however, that would be a mistake: epis-
temic deference is often rational.

Knowledge is very significantly a social product (Rabb et al., 2019; Levy,
2022) and both liberals and conservatives must and should defer to epis-
temic authorities[. Given that much of what we know we know by testi-
mony, rather than direct observation, and much of our knowledge can only
be generated by cooperating (and sometimes conflicting) individuals and
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groups, not by individuals on their own, deference is rational. In science, for
example, an individual cannot make discoveries on her own: she relies on
instruments and techniques designed by others and which she may not fully
understand; on teams of other researchers to gather data and interpret it;
and on networks of (pre- and post-publication) peer review to detect
weaknesses and ambiguities in her work. The question facing us, as rational
individuals, is not whether to defer, but when and to whom to defer.

In this light, conservative deference and liberal suspicion represent dif-
ferent strategies for information processing, the success of which depends
on the environment in which they are deployed.'' In an environment in
which implicit communications are reliable — in which defaults are selected
so that genuinely good options are made salient, in which questions are
worded so that incorrect responses are not prompted, in which order tends
to correlate with quality, and so forth - the conservative strategy is adaptive.
It saves on cognitive resources and time, and allows for the identification of
correct responses to problems that may be intrinsically difficult. As we saw
(Patel et al., 2019), coming to the right answer on CRT items is surprisingly
difficult for many people, but the difficulty of that task pales into insignif-
icance compared to the difficulty of identifying the optimal savings rate,
investment plan or diet: we do far better to defer to experts on these topics,
assuming the experts are reliable and their advice is reflected in explicit and
implicit recommendations.

But it is not simply adaptive to defer to implicit recommendations: it is
also rational. Framing effects are often regarded as paradigmatically irra-
tional, on the grounds that how options are framed has a significant effect
on whether they are preferred (e.g., Shafir & LeBoeuf, 2002). Since it is the
frame, and not the content of the option, that has altered, this is thought to
be irrational. But if framing is communicative, responding to it is rational: it
is an appropriate response to the information communicated. It is obviously
not irrational to prefer option A to option B because someone has recom-
mended A over option B. The fact that had the testifier advocated B instead
the person would have preferred B is no reason to think that accepting
testimony is irrational.

Stanovich (2018) has recently emphasized that we increasingly live in
epistemically hostile environments.'* In such environments, in which the
correlation between implicit recommendations and good enough actions is
not reliable, the conservative strategy will not do as well. Even in such
environments, though, the liberal strategy will outperform the conservative
strategy only on a narrow range of questions: those in which it is possible for
the person to do better by thinking for herself or by actively seeking
alternative sources of information. In these environments, we don’t do
well by deferring uncritically. But we will often not do better by refusing
to defer: detecting signal from noise in this environment may often be
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beyond us (Levy, 2022). This important social and political question aside, it
should be noted that the relative success of the conservative and the liberal
strategy at guiding action is somewhat independent of the question whether
deference to testimony is rational. A strategy may be maladaptive without
being irrational; in many cases, it is rational to accept testimony from others,
even though this leaves agents vulnerable to exploitation by liars.

If it is true that the conservative strategy tends to do better in many
environments, and does little worse in others, we have few grounds for
criticism of those who deploy it. Indeed, given our reliance on deference and
the social production of knowledge, there is a strong case for thinking we
ought to respond to the fact that the conservative strategy is often unreliable
not by criticizing those who deploy it, but by changing the environment in
which it is deployed so that it is more reliable: regulating the epistemic
environment so that implicit recommendations are more reliable than they
currently tend to be."?

Are lures required for poor performance?

This proposal faces an important objection.'* I have argued that bad
responses on the CRT are explained (in important part) by a disposition
to defer to testimony. Because CRT items make salient a particular (wrong)
response, they implicitly recommend that response and those people more
apt to defer to testimony respond accordingly. But while the standard CRT
makes wrong responses salient, nonstandard versions need not. Moreover,
there have recently been claims that nonstandard versions, without ‘Tures’,
correlate with other measures of thinking styles and capacity to the same
degree as do the standard versions (Baron et al., 2015; Attali & Bar-Hillel,
2020). If this evidence is robust, then performance on the CRT is not
explained by a disposition to defer. If performance on CRT items with
and without lures is equally predictive of thinking styles, then it cannot be
a disposition that is cued only by the first set that underlies performance on
either.

It is worth emphasizing that this evidence is inconsistent with the stan-
dard interpretation of the CRT. On the standard view, good performance on
the CRT depends, in part, on inhibiting the intuitive response the tasks
make salient (Campitelli & Gerrans, 2014; Travers et al., 2016). Equally,
there are some CRT-like items that do not principally involve numeracy
(Thomson & Oppenheimer, 2016). The challenge to the standard view that
Baron et al. and Attali and Bar-Hillel present is a major one, and must be
taken seriously. But siding with the consensus remains, for the moment,
reasonable. Much more evidence is needed before we reject the view that
lures explain a large proportion of variance in responses. Because the
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heterodox views may turn out to be correct, however, I devote the rest of this
section to discussing what remain of my proposals on the assumption it is
vindicated.

Even if these heterodox views are correct, it remains plausible that
performance on CRT items (and mathematical items, and so on) with
lures is at least partly explained by reference to implicit testimony. But if
items without lures are equally predictive of thinking styles and capacity, the
way in which lures render a particular wrong salient is secondary to the
explanation of performance on the CRT. It would seem that poor perfor-
mers respond to implicit testimony when it is available, but in its absence,
they continue to be poor performers, with the same dispositions underlying
performance on both items with and those without lures. The evidence of
performance on items without lures seems to rule out an explanation of
poor performance according to which it is explained by the salience of
implicit testimony (e.g., by the salience of lures preempting any further
processing).

Even so, it remains possible that performance on CRT items with and
without lures is directly rational. On standard views, poor performance is
explained by some bias or irrational disposition: say a disposition to rely on
intuition over reasoning, or (on Baron’s own view), on impulsivity. But poor
performance might instead be at least partly due to a lack of mindware
(Stanovich, 2018); a lack, that is, of acquired tools for thinking. A lack of
mindware is not an indication of irrationality: an ideally rational thinker
cannot compensate through sheer thinking power for tools that must be
developed and effortfully acquired (conversely, being able to use mindware
effectively is a good, though not perfect, index of thinking ability because it
is often somewhat difficult to acquire mindware, and its intelligent deploy-
ment often requires understanding the conceptual structure of problems).

Evidence that poor CRT performance is partly due to a lack of mind-
ware is plentiful. First, there is evidence that repeated exposure to the CRT
(Meyer et al., 2018) and even ongoing accuracy feedback on multiple
versions of the same type of CRT (Janssen et al., 2020) fails to improve
performance for most participants. Feedback does increase reaction times,
but without a corresponding increase in accuracy. Conversely, brief expla-
nation of the structure of the problem leads to a significant boost in
performance (Boissin et al., 2021; Hoover & Healy, 2017). Knowing that
one is mistaken does not lead to an improvement in response, unless one
also knows how one is going wrong. This strongly suggests that good
performance is often partly due to the availability of the requisite mind-
ware, whereas poor performance is explained by its unavailability, either
because the arithmetical principles are rarely used and therefore inacces-
sible or because they were never acquired in the first place. It is note-
worthy that many poor performers give covert indications that they are
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aware that they are failing to solve the problem, as indicated by an increase
in response latencies (Bago & De Neys, 2019) and a decrease in confidence
(De Neys et al., 2013). Even in the absence of feedback they may be aware
that their responses are unsatisfactory, but they lack the mindware to
improve them.

When implicit testimony is available, poor performers defer to it. So
doing is rational because those who use it have every reason to be guided
by the evidence available to them. They may be aware they cannot solve
the problems on their own, so they defer to the testimony offered to them.
Implicit testimony is evidence for everyone, but only for those with little
else to go on is it decisive (similarly, only for low information voters is the
ballot order effect — which also functions by offering implicit testimony -
decisive; Pasek et al., 2014). When it is not available, they may resort to the
best strategy that remains available to them, which may be nothing better
than guessing. Either way, they’re responding rationally: using the think-
ing tools they have as well as they can, given the information available to
them.

Baron et al. might therefore be correct that the salience of lures does not
explain poor performance, while it remains true that the CRT does not
measure a lack of rationality. A lack of mindware is not a lack of reasoning
ability. This suggestion would also explain why CRT items with and without
lures are equally predictive of thinking styles and other dispositions. Both
sets of problems are deceptively difficult, especially for those who lack the
mindware to solve them (of course some participants lack the ability to
acquire or to deploy the mindware too). In both cases, agents use what
evidence they have available to make up for their shortfall in mindware.
They may have developed a disposition to rely on implicit testimony to
compensate for their lack. Conversely, they may not have acquired the
mindware due to a commitment to deference. In either case, it is their use
of evidence or of the next best strategy available to them that explains
performance, not a lack of ability.

This proposal could be further developed in one of two ways. On the first,
the disposition to defer would play a secondary role. The agent might
engage in two separate processing stages: first, they assess the problem as
beyond their capacities; only subsequently do they seek an alternative
strategy, such as deferring to implicit recommendations or simply guessing
when no such recommendation is available. If that suggestion were accurate,
it would not be true that a disposition to defer underlies performance:
rather, this disposition would be a factor that is relevant to the actual
response given, but not a factor that explains poor performance. On an
alternative proposal, however, the disposition to defer would remain an
important part of the explanation of poor performance.
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On this proposal, the disposition to defer would be active from the start:
the agent is sensitive to any testimonial evidence embedded in the items
from the outset. When it is available, they respond to it at the first stage of
processing, attempting to integrate this evidence with the first-order evi-
dence they are able to glean from the problem structure. This proposal is
more plausible than the two-stage proposal, because the two-stage proposal
predicts longer reaction times for poor performers; this does not seem to be
the case. It is also more plausible because it is unlikely that anyone, poor
performer or not, ignores available evidence. Higher-order evidence like
testimony is evidence, and a well-designed cognizer is sensitive to all the
evidence they are able to process.

It is worth saying a little more about why we ought to expect the
correlations Baron et al. (2015) report, on the proposal just sketched. They
report a negative correlation with utilitarian thinking and with ‘active open-
minded thinking’ (AOT). Neither is surprising. I have suggested that the
disposition to defer is stronger in conservatives than liberals. As Baron et al.
themselves recognize, a preference for AOT is also associated with liberals.
Indeed, AOT items seem well-designed as probes of current political alle-
giances, rather than of thinking dispositions. People are, in the main, well
aware that being open to persuasion and taking into account a wide range of
evidence are (supposedly) characteristics on which liberals claim to distin-
guish themselves. Responses to AOT items may be expressive, rather than
sincere reports of dispositions. Of course, we have already seen evidence
that liberals (and economic but not social conservatives) are also are less
condemning of actions that are usually judged to be immoral; (Pennycook
et al.,, 2014b; Royzman et al., 2014).

Conclusion

The CRT is widely held to be an index of good thinking. Bad performance
on it is often held to arise from difficulty in inhibiting intuitive thoughts,
cognitive laziness or low numeracy. It is true that hitting upon the right
solution to CRT items is cognitively demanding, and that those who succeed
thereby exhibit capacities that are valuable. But many of those who perform
badly may not thereby manifest criticizable cognitive dispositions or a lack
of capacity. I suggest that they defer to the implicit testimony encoded in
CRT items.

The hypothesis advanced in this paper swims against a strong tide in
cognitive science, which tends to suggest that we are much less rational than
we had hoped. To that extent, it joins forces not only with Gigerenzer and
other proponents of ecological rationality, but also with those thinkers
urging a rethink of specific tasks alleged to demonstrate widespread irra-
tionality (for instance, Hedden (2019) on hindsight bias, Oaksford and
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Chater (2001) on the Wason selection task and Crupi et al. (2007) on the
conjunction fallacy). Most of these approaches differ from that urged here
inasmuch as they aim to vindicate the rationality of human beings by
suggesting that they use strategies that are appropriate to the kinds of
situations we regularly face, rather than the kinds of rules captured by
standard logic. Stenning and van Lambalgen (2008), for instance, argue
that subjects performing the Wason selection task interpret the problem
as involving conditionals that allow for exceptions, rather than as the
conditionals of first-order logic, while Oaksford and Chater (1994) suggest
that participants understand it as an inductive, rather than a deductive task.
Similarly, Crupi et al. (2007) hold that the conjunction fallacy arises when
participants substitute assessments of confirmation for probability judg-
ments. In one way or another, all of these are attribute substitution theories:
they maintain that participants who fail at the task do so because they
substitute a different task for the one the experimenters intend to demand
of them.

The hypothesis put forward here is different. It turns not on the substitu-
tion of a different task for the one that is actually intended, but a different
weighting of information the questions contain in an attempt to solve it.
Given that participants find it hard to solve the original task on the basis of
the logical form, they turn to the implicated testimony to solve it. They use
a rational strategy to solve the original task. Ecological rationality, recall, is
assessed on the basis of outputs: a process is ecologically rational if it is
a process that tends to secure epistemic goals in appropriate circumstances.
I have argued that bad CRT responses are directly rational (whether or not
they are also ecologically rational). They are the output of mechanisms that
weigh available evidence in the normatively appropriate manner. The evi-
dence to which they respond consists in the higher-order evidence of the
apparent testimony CRT items offer to respondents.

While I have cited experimental and correlational evidence in favor of
this hypothesis, the evidence is indirect. High confidence in the hypothesis
must await direct evidence. How can the hypothesis be tested? The extent to
which testimony is perceived as reliable is open to experimental manipula-
tion. The simplest manipulation would involve the intuitive answer being
provided by a source that was perceived as trustworthy versus untrust-
worthy in a between-subjects experiment. Insofar as people find the pro-
blems difficult to solve, however, they may be expected to rely on testimony
from the untrustworthy informant as much as the trustworthy: some evi-
dence might be better than none. Competing sources of testimony could be
used to control for this worry. We ought also to find that individual
differences in the disposition to rely on testimony are independent predic-
tors of generating the intuitive (but not unintuitive) wrong answers on
the CRT.
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If the hypothesis is borne out, we should see CRT items as implicating, or
implicitly recommending for our attention, certain responses. Given that
knowledge production is social and much of our knowledge is gained by
testimony, deferring to the implicit testimony encoded in these items is
adaptive. Moreover, it is arguably rational: an appropriate response to the
recommendation implicitly conveyed by the way CRT items make informa-
tion salient. The dispositions manifested in deferring to this implicit testi-
mony are dispositions that are central to human ecological and cognitive
success. Perhaps we ought to focus on ensuring that we live in an epistemic
environment in which such dispositions are successful, rather than criticize
those who deploy them."

Notes

1. While this kind of response is not uncommon - Gerd Gigerenzer’s adaptive toolbox
response to the heuristics and biases tradition (Gigerenzer & Selten, 2002; Gigerenzer
et al,, 2000) turns on it - the claim that standard paradigms are mismatched to the
kinds of challenges ordinary agents typically face may be false because hostile agents
may deliberately take advantage of our cognitive vulnerabilities. Pressing this objec-
tion, Stanovich (2018) argues that what critics see as a bug in these paradigms should
actually be regarded as a feature, “because the modern world is, in many ways,
becoming hostile for individuals relying solely on miserly processing” (427).

2. For the notion of epistemic hostility, see, (Evans et al., 2013; Stanovich, 2018); and
Sterelny (2003).

3. According to Google Scholar, Frederick (2005), which introduced the test, has been
cited 4323 times.

4. Doris is here quoting Stanovich (2004). But Stanovich is more careful than Doris
(unsurprisingly, in light of the care he takes to correct the identification of type 1
processes with irrationality (De Neys & Pennycook, 2019). Stanovich writes that these
processes are “in some sense deeply unintelligent” (39; emphasis added); Doris drops
the qualification.

5. The second and third of these questions are among the four that constitute Thomson
and Oppenheimer’s (2016) CRT-2.

6. It’s worth flagging a potential worry that might arise at this point. One might expect
that being alerted (by features of the context or the content) to the possibility that the
question is a trick might implicate that the intuitive answer is unlikely to be correct,
and therefore dispose some participants to reject implicit recommendations.
Anecdotally, trick questions ‘work’ for a high proportion of respondents who are
aware that the question is a ‘trick’; so do CRT items (I've seen items from newer
versions of it presented to audiences at professional conferences as new CRT items;
many audience members still gave the ‘intuitive’ responses). Perhaps the implicature
constituted by the wording functions implicitly whereas the implicature constituted
by explicit wording or other features of context or content that alert the person to the
fact that this is a trick question functions at the personal level. If the person is unable
to identify the correct response, the former implicature may be sufficiently strong to
determine the response. The process dissociation procedure might shed light on this
question by disentangling the contribution of these two independent processes.
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10.

11.

12.

As noted above, a significant proportion of participants find the right answer on the
bat and ball problem intuitive (Bago & De Neys, 2019). This is not, however, evidence
that the format of the CRT does not provide implicit testimony guiding us toward the
response usually seen as intuitive. Bago and De Neys report evidence (in the form of
response latencies and lowered confidence) that these participants find both the
correct and the incorrect response intuitive. Speculatively, the correct response is
intuitive for them because arithmetical reasoning is sufficiently overlearned to be
automated, while the incorrect response is intuitive due to the format of the question.
Conversely there is evidence that many participants who generate the wrong response
on CRT items and other classic reasoning problems (base rate neglect, for example),
also find the objectively correct response intuitive (De Neys & Pennycook, 2019).
Which response will be offered depends on the strength of often competing intuitions,
among other variables (see, Stanovich (2018) for a detailed proposal).

Note that the evidence for the association between lower CRT scores and conserva-
tism comes almost entirely from the United States (indeed, Yilmaz and Alper (2019)
provide evidence that it is much weaker elsewhere). This should be borne in mind in
interpreting the hypothesis.

Note that Pennycook et al. (2014b) found that analytic thinking predicted
a willingness to accept heterodox opinions independently of political leanings.
Thus, while liberalism predicts lower deference to authority, which in turn pre-
dicts higher CRT scores there is an independent route that runs directly via
analyticity.

In contrast, Pennycook and Rand (2019¢) found that conservatives were less trusting
of mainstream news than liberals, and that those lower in CRT were worse at
discerning trustworthy sources. There was an interaction between CRT scores and
conservatism: higher CRT scores enabled better discernment for both liberals and
conservatives, but the effects were much weaker for conservatives. This suggests that
with regard to some sources, those who score lower on the CRT are less, not more,
trusting. This evidence is not inconsistent with the claim that conservatives are (on
average and slightly) more disposed to rely on deference than liberals. Agents may
have a greater disposition to defer without being disposed to defer at all to particular
sources. Epistemic vigilance mechanisms may be upstream of those mechanisms
involved in deference. Deference is always selective (Sperber et al., 2010); who one
defers to is a distinct question from how deferential one is.

It is important to notice that on the most recent evidence available on this correlation
(Pennycook & Rand, 2019a) the effect sizes in question are actually quite small - in
the order of r = .11 or even less - so talk of a conservative strategy versus a liberal
strategy is somewhat misleading. Moreover, the disposition to defer may be contin-
uous: it might be better to talk about the adaptive success of more versus less
deferential strategies.

It is worth saying a word about the relationship between explanations that appeal to the
notion of an epistemically hostile environment and the kind of explanation of poor
performance on heuristics and biases tasks offered by Gigerenzer and other proponents
of ecological rationality. On both, a lack of fit between our cognitive processing
mechanisms and the task explains why we go wrong. But accounts of ecological
rationality postulate mechanisms that are fast and frugal and ignore a great deal of
information. There are grounds for thinking of these mechanisms as adaptive, rather
than rational: they generate the right answers, in appropriate environments, using cues
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that may not be genuine reasons. My account holds that the relevant mechanisms are
genuine reasoning mechanisms, responding appropriately to the information they are
presented with; they go wrong because the evidence is misleading.

Of course, the best strategy would be to defer when and only when we are in contexts
in which testimony can be expected to be reliable. It should be emphasized that we are
all somewhat discerning consumers of testimony: we filter testimony by reference to
its plausibility, and by reference to cues for competence and reliability (Harris, 2012;
Mascaro & Sperber, 2009; Sperber et al., 2010). But we operate under ineliminable
constraints. First, greater epistemic vigilance risks too many false negatives; given the
extent of our epistemic reliance on others, this is a cost that might be devastating.
Second, strategies that focus on honing individual capacities, rather than policing the
epistemic environment, are vulnerable, because bad epistemic actors can usually
mimic whatever cues to reliability individuals use.

I thank a reviewer for this journal (who identified himself as Jonathan Baron) for
highlighting this objection and making me see how important it is.

I am grateful to two reviewers for Philosophical Psychology, who identified themselves
as Jonathan Baron and Wim De Neys, for helpful and challenging comments on this
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