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Abstract
There has been considerable puzzlement over how to
respond to higher-order evidence. The existing dilemmas can be defused by adopting a ‘two-dimensional’
representation of doxastic attitudes which incorporates
not only substantive uncertainty about which first-order
state of affairs obtains but also the degree of conviction
with which we hold the attitude. This makes it possible that in cases of higher-order evidence the evidence
sometimes impacts primarily on our conviction, rather
than our substantive uncertainty. I argue that such a
two-dimensional representation is naturally developed
by making use of imprecise probabilities.

1

INTRODUCTION

So-called ‘higher-order evidence’ presents a puzzle in epistemology. It undermines our confidence
in our own reliability or rationality, or our confidence that our first-order evidence really supports
the doxastic attitude that we have formed. Can it then be rational for us to maintain that firstorder doxastic attitude? If we do, there will be tension between our attitudes at the first-order
and at the higher-order level – so-called ‘Level-Splitting’. Is this acceptable? Or are we rationally
required to revise our first-order attitude in order to eliminate the tension between levels? There
appear to be problems either way. Level-Splitting brings the threat of epistemic akrasia and it has
implausible consequences for decision-making. Yet, existing Revision views fail to account for
the fact that in certain higher-order evidence cases, the evidence does not seem to tell us anything
substantial about first-order matters. Its effect seems to be rather to make us less confident about
our own judgment.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or
adaptations are made.
© 2021 The Authors. Noûs published by Wiley Periodicals LLC.
NOÛS. 2021;1–17.
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In this paper, I will argue that this dilemma can be resolved if we represent doxastic attitudes
in a way which captures two distinct components or dimensions to our uncertainty. On the one
hand, we have uncertainty about which particular first-order state of affairs obtains – I will call
this our ‘substantive’ first-order uncertainty. On the other hand, we may have some uncertainty
about our substantive judgments themselves. I will refer to this as the amount of ‘conviction’ we
have in those judgments. The overall representation of our doxastic attitude then should incorporate both of these dimensions. This opens the possibility that higher-order evidence may in some
circumstances primarily impact on the conviction dimension of the doxastic attitude, rather than
on the substantive dimension. An advantage of this approach is that it allows us to accommodate
the intuitions that motivate Level-Splitting views, while avoiding the problems that are associated
with them.
I will argue that a suitable framework for developing such a two-dimensional view is that of
imprecise probability. Roughly the idea is the following. In this framework, a doxastic attitude can
be represented by a set of probability measures, rather than one particular probability measure.
Such a credal set has a degree of precision which is greater when there is a smaller difference
between the highest and the lowest probabilities in the set. The degree of precision can serve as a
representation of the degree of conviction. The proposal then is that cases of higher-order evidence
may induce a loss of precision of the agent’s credal state. Loss of precision of the credal state can
be shown, using existing decision theories for imprecise probabilities, to produce the behavioural
implications we tend to associate with learning higher-order evidence.

2

THE HIGHER-ORDER EVIDENCE DEBATE

The concept of higher-order evidence is usually informally characterised in the literature, and
there are various formulations. For example, Christensen describes it as ‘evidence of my own
rational failure’ (Christensen, 2010a), as ‘evidence concerning the reliability of our own thinking
about some particular matter’ (Christensen, 2016). It has also been described as ‘evidence about
what your evidence supports’ (Sliwa & Horowitz, 2015) and evidence that ‘induces doubts that
one’s doxastic state is the result of a flawed process’ (Lasonen-Aarnio, 2014). The phenomenon of
higher-order evidence and the puzzles it presents are usually introduced by giving one or several
paradigmatic examples. One of the classic examples is:
Hypoxia: I have just achieved a difficult first ascent in the Himalayas. As the weather
turns, I have to abseil down a long pitch. I have gone through a sequence of reasoning several times to check that I have constructed my anchor correctly, that I haven’t
under-estimated the length of the pitch, and that I have threaded the rope correctly
through my belay device and carabiner. I then acquire evidence that I am in serious danger of being affected by a mild case of hypoxia caused by high altitude. Such
hypoxia impairs one’s reasoning while making it seem perfectly fine. I know that
mountaineers have made stupid but fatal mistakes in the past as a result of being in
such a condition. (Lasonen-Aarnio (2014), p. 315)
Another example is:
Fatigued doctor: I’m a medical resident who diagnoses patients and prescribes appropriate treatment. After diagnosing a particular patient’s condition and prescribing
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certain medications, I’m informed by a nurse that I’ve been awake for 36 hours. I
know that people are prone to make cognitive errors when sleep-deprived (and perhaps I even know my own poor diagnostic track record under such circumstances).
(adapted from an example in Christensen (2010a)).
The question that is posed is: what should happen to my doxastic state on receiving higherorder evidence in cases like these?
Before getting to the proposed answers to this question, it will be useful first to provide some
definitions. I will characterise the distinction between first-order and higher-order evidence, by
making use of a distinction between first-order and higher-order propositions.1 First-order propositions concern ordinary subject matter in the world. Examples are the proposition that the rope is
correctly tied, or the proposition that the appropriate medicine for the patient is X. Higher-order
propositions, on the other hand, are propositions that concern an epistemic agent, her doxastic states or doxastic attitudes. They may concern the relation between evidence and first-order
doxastic attitudes. For example, a higher-order proposition is that the medical resident’s belief
is well-supported by her evidence, or that I have processed certain evidence in a rational way in
forming my doxastic attitude towards a first-order proposition. Thus, first-order and higher-order
propositions are distinguished by their subject-matter.
An agent can be in a certain doxastic state, which consists of taking a certain doxastic attitude
towards a proposition. If the proposition is a first-order one, we say they are in a ‘first-order doxastic state’, and have a ‘first-order doxastic attitude’. If the proposition is a higher-order one, we
say they are in a ‘higher-order doxastic state’, and have a ‘higher-order doxastic attitude’. How
exactly should we represent doxastic attitudes? There are several different frameworks which are
commonly used: the framework of categorical or full belief, and the Bayesian framework of partial belief or credence. In the framework of full belief, there are usually taken to be three doxastic
attitudes that one might take towards a given proposition: believe the proposition, disbelieve the
proposition, or suspend judgment about it. In a Bayesian framework, the agent’s doxastic attitude
is a credence represented by a probability for the proposition.
Now consider the notion of evidential support. I will say that evidence supports which doxastic
attitude towards a proposition you have reason to take.2 We can have evidence which bears on
the attitude that we should take towards a first-order proposition. We will call this ‘first-order
evidence’. Evidence which bears on the attitude we should take towards a higher-order proposition
we will call ‘higher-order evidence’. This way of talking means that the same piece of evidence may
serve as both first-order and higher-order evidence in cases where it bears on attitudes we should
take towards both kinds of propositions.
The higher-order evidence debate concerns the question of what kind of revision of the overall
doxastic attitude of an agent is called for in examples like those given above. The overall doxastic
attitude consists of first-order doxastic attitudes and higher-order doxastic attitudes. In examples
like Hypoxia and Fatigued Doctor, it seems clear that higher-order doxastic attitudes need to be
revised. For example, in the Hypoxia case, suppose I have a belief in the higher-order proposition
that I am reasoning well. The evidence that I may have hypoxia has bearing on this proposition,
and should cause some revision in my attitude towards it, such as losing confidence in it. Similarly,
in the doctor case, I have some initial doxastic attitude towards the proposition that my firstorder evidence from examining the patient supports my belief that X is the correct medicine. The
evidence that I am underslept should make me lose some confidence in that proposition.
An important axis of the debate concerns whether, as well as revising one’s attitude towards
higher-order propositions, one is also rationally required to revise one’s attitudes towards the
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first-order propositions. Given our set-up, this question can be posed as: Is the evidence in these
kinds of cases also first-order evidence? In Hypoxia, am I required to revise my first-order belief
that the anchor is correctly constructed? In Fatigued Doctor, am I required to revise my belief that
X is the appropriate medicine?
The view that such revision to first-order attitudes is not required has been called ‘LevelSplitting’, because it allows for a certain kind of tension between first-order and higher-order attitudes (Horowitz, 2014). For example, there is some tension between believing the proposition 𝑞
that X is the correct medicine and being doubtful about whether my evidence supports belief in 𝑞.
Views which allow that Level-Splitting may be rational in least some cases have been put forward
by a number of authors (Coates, 2012; Hazlett, 2012; Lasonen-Aarnio, 2014, 2015; Worsnip, 2018;
Wedgwood, 2012; Williamson, 2011; Weatherson, ms).
Others argue that this is not permissible, and that I must also revise my first-order attitude
in order to remove the tension with my revised higher-order attitudes. I will call this alternative
view ‘Revise’. Concrete answers to how this should be done have been proposed in two distinct
frameworks: the framework of full belief, and the framework of credences.
In the full-belief framework, the role of higher-order evidence has been conceptualised as a
kind of undercutting defeater. Suppose one has a first-order belief about a proposition 𝑝 on the
basis of evidence 𝐸. Two kinds of defeaters are usually distinguished (Pollock, 1986). A rebutting
defeater for a belief in 𝑝 consists of evidence for not-𝑝. An undercutting defeater, on the other
hand, consists of evidence that 𝐸 does not support 𝑝. A number of authors have suggested that
higher-order evidence operates as an undercutting defeater for existing first-order beliefs, since
it casts doubt on the connection between the first-order evidence and the belief concerning 𝑝
(eg. Feldman, 2007, 2009; Christensen, 2010a; Lasonen-Aarnio, 2014). When the original belief is
undercut, the usual suggestion is that the agent abandon the belief and suspend judgment instead.
In the framework of partial belief, the main suggestion has been that the original first-order credence should be revised according to some kind of ‘calibration’ principle for probabilities, which
aligns the agent’s credences with the information about reliability supplied by the higher-order
evidence (White, 2009; Sliwa & Horowitz, 2015; Schoenfield, 2015, 2018; Roush, 2009, 2017). When
this is recommended, examples are often formulated to include more specific frequency information. For example, Sliwa and Horowitz discuss a version of the doctor example formulated as
follows:
Drugs: Anton is an anesthesiologist, trying to determine which dosage of pain mediation is best for his patient: A or B. To figure this out, Anton assesses some fairly complex medical evidence. When evaluated correctly, this kind of evidence determines
which dose is right for the patient. After thinking hard about the evidence, Anton
becomes highly confident that dose B is right. In fact, Anton has reasoned correctly;
his evidence strongly supports that B is the correct dose. Then Sam, the chef at the
hospital’s cafeteria, rushes in. “Don’t administer that drug just yet”, he says guiltily.
“You’re not in a position to properly assess that medical evidence. I slipped some
reason-distorting mushrooms into your frittata as a prank. These mushrooms make
you much less reliable at determining which dose the evidence supports: in the circumstances you presently face – evaluating this type of medical evidence, under the
influence of my mushrooms – doctors like you only tend to prescribe the right dose
60% of the time!”. In fact, Sam is mistaken: the mushrooms he used were just regular
dried porcini, and Anton’s reasoning is not impaired in the least. But neither he nor
Anton knows (nor has reason to suspect) this (Sliwa and Horowitz (2015), p. 2836).
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The key idea of those advocating recalibration is that Anton should replace his initial credence
with his expected reliability, which is in this case taken to be 60%. Thus Anton should reduce his
initially high credence that B is the correct dose to 60% (Sliwa & Horowitz, 2015).

2.1

Motivations for level-splitting

It has been argued that there are certain classes of higher-order evidence cases where LevelSplitting is an appropriate response. This has, for example, been suggested in cases of ‘misleading
higher-order evidence’. Allen Coates presents the following case:
Sherlock Holmes. Sherlock Holmes judges how well Watson reasons about a case.
Generally his assessment of Watson’ s performance is very reliable. Suppose Watson
assesses the evidence in a particular case and comes to the conclusion that the butler
did it. However Holmes tells Watson that he reasoned in an irrational fashion. On
this occasion Holmes happens to be wrong (even though in general, he isn’ t), and
Watson did reason correctly Coates (2012).
According to Coates, in this case Watson may reasonably (though wrongly) conclude that his
conclusion is irrational, but nonetheless it can also be rational for Watson to maintain his first
order belief that the butler did it. The idea here, and in similar examples, is that the first-order
and higher-order ‘levels’ can be addressed separately. On the one hand, there is evidence which
bears on the first-order proposition that the butler committed the crime. This consists of the evidence which Watson has inspected. On the other hand, there is also evidence that, when considered alone, only seems to bear on higher-order attitudes. In this case, the evidence presented by
Holmes’ testimony clearly bears on Watson’s attitude towards the higher-order proposition that he
has reasoned rationally. Yet, one might think, this testimonial evidence does not have any direct
bearing on whether the butler did it or not. It doesn’t tell us that the butler is any more or less
likely to be guilty. It is only evidence about the rationality or otherwise of Watson’s own thought
processes.3
One way people have attempted to bring out the point that in cases like these, the evidence
does not, without further assumptions, appear to tell us anything about the first-order proposition
itself is to point out that in such cases, the agent could actually be right, and could still in fact
have functioned rationally. This would happen when the evidence which serves as higher order
evidence to the contrary is actually misleading. It supports a doubtful attitude towards my own
rationality, but in actual fact, I have reasoned in a rational fashion. This line of thought can be
bolstered by appeal to externalist views about justification. Ralph Wedgwood, for instance, argues
that the existence of an evidential support relation is sufficient for justification, whether or not
the agent has correct beliefs about whether they have identified it (Wedgwood, 2012).
In some higher-order evidence cases, it seems clear that the evidence does provide reason to
revise one’s substantive judgment in a particular way. This could happen, for example, if it consists of psychological evidence of a tendency to over-estimate credences or to be over-confident.
In such a case, this can provide good reason for the agent to revise their credence downwards.
But in other cases, the higher-order evidence may only indicate some general failures, without
providing any information about the specific way one is likely to have gone wrong.4 These have
been called ‘non-lopsided cases’, in contrast to the ‘lopsided cases’ where the evidence serving
as higher-order evidence also indicates the direction in which one’s first-order attitude has erred
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(Steglich-Peterson, 2019). One of the motivations for Level-Splitting has been that in non-lopsided
cases, it seems strange to insist on changing the first-order attitude when evidence is presented
which offers no reason for making any particular change.

2.2

Motivations for Revise views

Although Level-Splitting appears to have some intuitive appeal in the kinds of cases just described,
it does struggle with two other considerations, which together form an important part of the motivation for adopting a Revise view instead. The first difficulty is that Level-Splitting may involve
epistemic akrasia. In standard practical cases of akrasia, one thinks one ought not to do a certain
action a, but one does it anyway. You think you shouldn’t smoke, for instance, but you smoke in
any case. Epistemic akrasia then is understood as a situation where you think you ought not have a
certain doxastic attitude towards a proposition 𝑝, but you have that attitude towards 𝑝 anyway. For
example, you might think that you should not believe 𝑝, perhaps because you think that your evidence does not support believing 𝑝, yet you believe 𝑝 anyway.5 If one takes the view that an agent
in a higher-order evidence cases is permitted to enter into a Level-Splitting state, then this may
mean that their overall epistemic state is akratic. For example, Watson in the Sherlock Holmes
case ends up in a state of epistemic akrasia because after hearing Holmes’ testimony, he might reasonably think that his evidence does not support believing that the butler did it, yet he believes that
nonetheless. Although there have been a number of attempts by Level-Splitters to argue that epistemic akrasia is rationally permissible in certain cases (Coates, 2012; Christensen, 2016; LasonenAarnio, 2014), there are also a number of arguments that epistemic akrasia should be regarded
as irrational (Greco, 2014; Smithies, 2012; Titelbaum, 2015). Revise views typically avoid any commitment to epistemic akrasia because they recommend that the first-order attitude be revised in a
way which eliminates the tension between first-order and higher-order attitudes that arises with
Level-Splitting. Consider for example, the Revise view in the full-belief framework. In the Sherlock Holmes case, a Reviser recommends treating Holmes’ testimony an undercutting defeater for
Watson’s belief that 𝑝, the butler did it. Then Watson does not end up in a state where he thinks
that he shouldn’t believe 𝑝, and believes 𝑝 anyway. Rather he suspends judgment as to 𝑝.
Another major difficulty for the Level-Splitting view is its implications for action (Horowitz,
2014). According to standard views in decision theory, our doxastic attitude towards first-order
propositions guides our decision-making. If those attitudes are expressed as credences, one of
the main principles that is employed is to maximise expected utility, given the credences. In the
Fatigued Doctor case, suppose my credence that X is the right medicine for the patient remains
high, despite my lack of confidence that my evidence supports such a high level of credence.
Then, according to the usual view of decision-making, I should be just as inclined to act on my
opinion as I was before, because the part of my doxastic state which is relevant for decisions has
not changed. Yet, we might think this evidence should make some difference to what the doctor
is inclined to do. In particular it should make the doctor hesitate, and to avoid making immediate
decisions if they can be postponed. I might be well-advised to call off duty and to postpone further
prescriptions until I have had enough sleep. Of course, the situation may not allow for postponing
action. I might not be able to take myself off-duty. In that case, it seems perhaps the doctor should
be less inclined to take risks – avoiding prescribing any medicine for which there are significant
negative consequences in the case that she is wrong. In the case of the hypoxic hiker, there is also
no luxury of putting off important decision-making. In such situations where choice is forced,
it seems reasonable that the effect of the higher-order evidence should be to induce a tendency
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T A B L E 1 Decision table for Anton. The utilities for his three options A, B and C are shown. Possible states of
the world are 𝑠1 and 𝑠2
𝒔𝟏

𝒔𝟐

A

20

−80

B

−13

20

C

0

0

to err on the side of caution, by opting for the less risky option. The problem for Level-Splitting
is that none of these apparently reasonable ways of responding to the higher-order evidence is
recommended, since the basic action-guiding doxastic attitude has not been revised.
On the other hand, Revise views will typically produce the needed change in the action-guiding
first-order attitude. Consider the Sherlock Holmes case. If Watson revises to a state of suspension
of judgment, then this will be more conducive to hesitation and postponing of decision-making
than retaining full belief in 𝑝. Similarly, in a partial belief framework, the Reviser recommends
that the credence be revised, for example by recalibration. This also avoids the consequence that
the higher-order evidence has no implications for decision-making. To give a concrete example,
suppose, for example, that Anton’s decision table is as represented in Table 1.
Anton faces a choice between administering dose A and administering dose B to his patient.
Suppose that Anton also has a third option, C, which is not to administer any dose. Let 𝑠1 be
the state of the world where the patient has disease X, and 𝑠2 be the state where she has disease
Y. There is positive utility for administering dose A if she has X, and for administering B if she
has Y. Giving her B, when she has X is quite undesirable, and giving her A, when she has Y, is
even more so. Not giving any medicine, option C, is taken to preserve the status quo. Suppose
Anton has initially a high credence, 0.9, in 𝑠1 . After hearing Sam’s warnings, he recalibrates to a
credence of 0.6. According to expected utility theory, if Anton has any precise probability over 0.8
for 𝑠1 , he should choose to give A. If he has probability between 0.61 and 0.8, he should choose
C (do nothing), and if his probability is below 0.61 he should choose B. Thus, in this case, Anton
becomes so unsure about 𝑠1 that he decides to take the less risky option B, where the consequences
of choosing the wrong medicine are less detrimental. In a case where the evidence is such as to
produce not such a large revision – say to a new credence in between 0.61 and 0.8, then Anton
should, according to expected utility theory, choose the option C of not acting. Thus, in a case
like this, the Recalibration view does imply that learning higher-order evidence of this kind will
prompt either hesitation to act, or choosing a less risky option.
In summary, then, Revise views can avoid epistemic akrasia and also have more plausible consequences for decision-making than Level-Splitting views. However, they still struggle with the
intuition that in cases which motivated Level-Splitting, the higher-order evidence appears to give
no reasons in favour of any substantive shift in first-order opinion. I will now suggest that a way
around these difficulties is to adopt a what I will call a ‘two-dimensional’ representation of doxastic attitudes. In fact, such representations have already been advocated on independent grounds,
as we will see.

3
TWO-DIMENSIONAL REPRESENTATIONS OF DOXASTIC
ATTITUDES
It is useful to distinguish between two kinds of uncertainty which a doxastic attitude may need
to represent. When the agent thinks about first-order propositions, they will typically entertain
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as possible a range of mutually exclusive alternatives. The simplest case is a proposition 𝑝, which
may be either true or false. But there may also be several alternatives: 𝑠1 , 𝑠2 , 𝑠3 , etc. Part of what
the doxastic attitude of the agent represents is how she regards the alternatives in relation to each
other. For example, if she believes 𝑝, then she does not believe ¬𝑝. Where the attitudes are credences, these must be distributed over the alternatives according to the agent’s view of how likely
each is. When the agent makes a judgment about which of the alternative propositions is true
or more likely to be true, we will say that the agent is making a ‘substantive’ judgment. But we
can also consider another dimension, which is the amount of conviction that we have in the substantive judgment. The amount of conviction is governed by a number of factors, including the
amount of evidence on which we base our substantive judgment, how rational we think we were
in forming it, and so on. I propose that higher-order evidence can impact on either or both of these
two dimensions, and therefore it is helpful to have a representation of doxastic attitudes which
captures both. Do the commonly used frameworks for doxastic attitudes do this?
Let us first consider the full-belief framework. Here there are three doxastic attitudes that one
might take towards a given proposition: believe the proposition, disbelieve the proposition, or suspend judgment about it. Although the options are limited to only three, I would argue that these
should be placed on a two-dimensional space. Changing from belief to disbelief in a proposition 𝑝
constitutes a change in one’s substantive judgment. But moving to a state of suspended opinion is
a move along the conviction dimension, rather than the substantive dimension. Suspending judgment in a proposition is not the same as ‘half-believing’ the proposition. Rather, it is an alternative
attitude we use to represent a loss of conviction in both or either of the attitudes representing substantive judgments. Although the full-belief framework can represent a loss of conviction then, it
is limited in its ability to represent states of graded opinion between full belief and disbelief.
On the other hand, the Bayesian framework does allow for representation of attitudes like partial belief. But arguably it is a one-dimensional representation. Although we can represent an
agent becoming increasingly doubtful about whether a proposition is true or not by a decreasing
credence in that proposition from 1 to zero, we have no extra dimension along which to represent
a loss of conviction. The analogue of a state of suspended opinion, in this framework, is identified
with a particular substantive judgment – usually 0.5 credence in the truth of the proposition.
What we need is a representation of doxastic attitudes which is fully two-dimensional, and
which allows for graded attitudes not only along the substantive dimension, but also along the
conviction dimension. We may gain or lose conviction to a greater or lesser extent, so it will be
good if the attitude of suspended opinion is not the only option. There is already a well-developed
framework which will allow for such representations of doxastic attitudes, namely imprecise probability. We will turn to this in section 4. But before that, I will first sketch how, in general terms, a
two-dimensional representation of doxastic attitudes can in principle help to resolve the puzzles
that have arisen in the higher-order evidence debate.
First, we have seen that there appear to be some cases of higher-order evidence where it is not
so plausible to think that the evidence produces a change in one’s substantive judgment. This
is particularly true for the non-lopsided cases. Rather what happens is that the evidence undermines our conviction in the substantive judgment. In a two-dimensional representation, this can
be represented as a move along the conviction dimension, rather than the substantive dimension.
This does not, of course, preclude the possibility that there are other cases where one does move
along the substantive dimension, or indeed cases where there is a shift along both dimensions.
Second, we can avoid epistemic akrasia. This is because the first-order attitude is not just
belief or credence, but also contains some representation of degree of conviction. Thus when
one’s confidence in higher-order propositions like ‘my evidence supports a high credence in 𝑝’ is
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undermined, this is reflected in a change to the conviction dimension of the first-order attitude.
In the case of Hypoxia, for example, the evidence of hypoxia does support the idea that there is
less basis for my first-order belief that the harness is correctly tied than I previously thought. The
fact that I become less committed in my belief reflects the doubt that I have come to have in the
higher-order proposition that my evidence supports that belief. It seems consistent to say that you
can rationally hold a belief on the basis of little evidence, as long as you hold that belief with a
suitably low level of conviction. Something like this idea has also been put in terms of epistemic
modesty or humility. For example, Alan Hazlett has argued that there is an appropriate level of
humility which you should have in your beliefs (Hazlett, 2012). What would be genuinely irrational then would be to fail to be humble where humility is called for. But you can hold a belief
in a humble fashion while still having low confidence in the higher-order proposition that my
evidence supports the belief, or that I formed it in a rational fashion.
Thirdly, we have seen that we should expect that the evidence in cases like Hypoxia or Fatigued
Doctor should have some impact on the decision-making of the agent. This presents a difficulty
for any views where the first-order doxastic attitude is not revised in any way. This problem is
avoided, given a two-dimensional picture, because the first-order attitude is revised, albeit in some
cases only or primarily along the conviction dimension. What is required then is that we have an
account of how decision-making depends on the first-order attitude which makes it responsive to
both dimensions of the doxastic attitude. As we will see, decision theories for imprecise probabilities do have precisely this feature.
I will now argue that imprecise probability does provide a natural way to develop a twodimensional account of the representation of doxastic attitudes, and thus lends itself as a framework for considering problems raised by higher-order evidence. Notice that it has already been
proposed that imprecise probability may be helpful in modeling closely related problems associated with peer disagreement (Elkin & Wheeler, 2018).

4

IMPRECISE PROBABILITY

Imprecise probability (IP) is a generalisation of standard Bayesianism. In IP models the doxastic
state of the agent is represented not by a single probability measure, but by a model which allows
for the possibility of multiple probability measures. Imprecise probability is now a well-developed
field, in which there are a number of different approaches (Augustin et al., 2014; Walley, 1991).
For simplicity, we will focus on the case where the imprecise probability model consists of a set of
probability measures. Following Levi, we will refer to this as a ‘credal set’ 𝑃 (Levi, 1980). A lower
and an upper probability are defined as the lowest and highest probabilities in the set respectively:
𝑝(𝑞) = 𝑖𝑛𝑓{𝑝(𝑞) ∶ 𝑝𝜖𝑃}
̄
𝑝(𝑞)
= 𝑠𝑢𝑝{𝑝(𝑞) ∶ 𝑝𝜖𝑃}
For a Bayesian, the upper and lower probabilities always coincide, giving a unique or ‘precise’
probability distribution. In an imprecise probability model, the upper and lower probabilities can
come apart, giving a set of probabilities whose degree of imprecision about a proposition 𝑞 can be
̄
measured by the difference between the upper and lower probability: 𝑝(𝑞)
− 𝑝(𝑞).
The important point for us is that the degree of imprecision in an IP credal set can be used to
represent greater ‘uncertainty’ about the probability.6 In the terms I have used before, the degree
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of precision of the credal set represents our ‘conviction’ about our first-order attitude. The amount
of conviction that you have in your attitude can be governed by a number of factors, in particular
the amount and quality of the evidence that it is based on.
There is in fact a long-standing history of recognition that there is another dimension to our
doxastic state beyond the credence itself. Charles Sanders Peirce commented that:
to express the proper state of belief, not one number but two are requisite, the first
depending on the inferred probability, the second on the amount of knowledge on
which that probability is based (Peirce (1932), p. 421).
In Keynes (1921), Keynes emphasised the importance of the notion of ‘weight of evidence’ in
decision-making. Suppose a Bayesian assigns probability to the proposition 𝑎 that a certain coin
will land heads when tossed. She assigns probability 𝑝(𝑎) = 0.5 when she has no evidence from
tosses but expects the coin to be fair. Suppose she now observes thousands or even millions of
tosses giving statistical evidence of a symmetrical distribution between heads and tails. Her probability distribution will still be 𝑝(𝑎) = 0.5. The first case and the more informed case arguably
differ in the ‘weight of evidence’ that supports them. But this dimension is not represented in the
probability distribution itself since it is the same in both cases.7
In an IP framework, the uninformed state of opinion about the coin may be represented by
the set {𝑝(𝑎) ∶ 0 ≤ 𝑝(𝑎) ≤ 1} whereas the more informed belief, based on much experience with
the coin, could be represented by the singleton set {𝑝(𝑎) = 0.5}. The uninformed opinion has a
greater degree of imprecision than the informed opinion. Thus, with this representation, we can
distinguish between a state of complete ignorance and the state of having 0.5 credence in whether
the proposition is true. The key point then is that an IP representation gives us a representation of
a doxastic attitude towards a proposition which is in an important sense two-dimensional. Along
one dimension is the degree of uncertainty that you have in a first-order proposition. Along the
other dimension is the degree of conviction that you have in your first-order attitude. The degree
of conviction you have in your first-order attitude is sensitive to factors like the amount or the
quality of the evidence that you have.
A number of other authors have recognised the importance of another dimension of uncertainty accompanying the credence, and it has been variously called ‘ambiguity’, ‘epistemic risk’,
and ‘Knightian uncertainty’ (Ellsberg, 1961; Knight, 1921; Sahlin & Persson, 1994) An empirical
case has also been made for the claim that people’s decision-making behaviour is in fact sensitive to this extra dimension. Perhaps the best known example of such empirical studies concern
the Ellsberg paradox, but there are a number of studies suggesting that people are inclined to
demonstrate ‘ambiguity aversion’, that is, they are inclined to avoid acting in situations where
they lack confidence about their probability judgements (Camerer & Weber, 1992). One attitude
one might take to the empirical finding that people are sensitive to ambiguity could be to think
that they are mistaken to do so. However, it seems more reasonable to think that the pattern of
people’s actual preferences is quite rational. If we are not confident about our beliefs, this should
provoke hesitation to act. It should also provide the stimulus for active attempts to improve one’s
epistemic situation, either by removing impediments to one’s own rational processing powers,
or, particularly in the case of disagreement, by stimulating further inquiry, deliberation and consultation. Therefore, sensitivity to confidence about one’s probability distribution is something
which a normative framework for inquiry should represent. It has been suggested then that the
Bayesian framework, which represents doxastic states as credences, is failing to represent a certain
element of our rational decision-making. This has been a significant part of the motivation for the
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development of the more general framework of imprecise probability and decision theories which
reflect some of these apparently rational features of people’s decision-making behaviour.
Making use of the IP framework allows us to accommodate both the intuitions which led to
Level-Splitting, as well as the motivations for Revise views. Level-Splitting was motivated in particular by cases where higher-order evidence seemed to give rise to a loss of conviction in one’s
first-order attitude, rather than a substantive change to that attitude. In an IP framework, this is
represented by revision consisting of an increase in the imprecision of the credal state, rather than
in a shift to a different level of credence. But the framework also allows for other kinds of cases
which do produce a substantive shift in credences as well as a change in conviction. Epistemic
akrasia can be avoided because the first-order attitude is revised so that the different levels are not
in tension. The higher-order uncertainty that we have is reflected in the lack of precision of the
revised first-order doxastic attitude.
Furthermore, standard decision theories associated with IP do produce the kind of behavioural
effects we typically associate with the impact of higher-order evidence. The amount of precision
in a credal state has implications for how you are prepared to behave. One way to see this is to
appeal to the behavioural interpretation of lower and upper probabilities (Walley, 1991). The lower
probability of 𝑎 can be interpreted as the maximum price you would pay for a gamble that pays
you one unit if 𝑎 is true and nothing otherwise. The upper probability is the lowest amount you
would sell such a gamble for. Thus, for prices below 𝑝(𝑎) you are definitely disposed to buy the
̄
gamble, and for prices above 𝑝(𝑎)
you are definitely inclined to sell it. For prices in between there
is no definite disposition either way for either buying or selling. For a Bayesian working with only
precise probabilities, the lower and upper probabilities always coincide and the probability then
gives the ‘fair price’ that you would have for the gamble and you would be prepared to either buy
or sell it at that price (De Finetti, 1931). Suppose then you are offered some particular bet on 𝑎 –
say where you will get 30 euros if 𝑎 is true, and will lose 20 euros if 𝑎 is false. If you have a precise
opinion represented by {𝑝(𝑎) = 0.5}, you will have a definite preference to take the bet, since it
gives you positive expected utility. However, if {𝑝(𝑎) ∶ 0 ≤ 𝑝(𝑎) ≤ 1} is your state of opinion, you
actually have no definite dispositions to either take or reject the bet. You can think of your set
of probability measures here as like a ‘credal committee’ consisting of different members (Joyce,
2010). For prices in between the lower and upper probability, you are in a situation where some
members of your committee advocate buying, but others advocate selling.
Nonetheless, since you may need to act even when your credal set is imprecise, decision theories have been developed for these models. There are a number of these. But a common decision
principle is that you should avoid a bad worst-case scenario. As we will now see, the use of this
kind of principle can give rise to the behavioural consequences of hesitating to take action (if
delaying is an option), or ‘playing-it-safe’ with respect to the risk of different options.
For definiteness, I will illustrate using the prominent decision theory due to Gärdenfors and
Sahlin (1982).8 According to this theory, one should first assess which of the probability measures
in the credal set are ‘admissible’, that is, which count as ‘serious possibilities’ as opposed to just
possibilities. One should then choose from the options the one which has the largest minimal
expected utility, given the admissible probability measures.
Suppose now that the effect of higher-order evidence is to increase the degree of imprecision
of the credal state of the agent, reflecting their loss of conviction in their opinion. Consider again
the decision problem faced by Anton represented in Table 1. Anton initially has a high precise credence in A, say 0.9, and then he receives higher-order evidence which increases the imprecision
of his credal state. This could be modeled by a kind of ‘discounting’ operation. This method has
been used to model sensor or expert reliability, and is often employed as part of an aggregation
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procedure where the information from various sources is combined into one belief state, taking
account of the reliability of each source by discounting it appropriately (Moral & Del Sagrado,
1998; Mercier et al., 2008; Moral, 2018; Stewart & Quintana, 2018). Discounting involves making a
convex combination of the original credal state (with weight 1 – 𝛼) and the fully vacuous state [0,1]
(with weight 𝛼). The result is a more imprecise credal state, with imprecision equal to 𝛼. It is like
mixing the initial state with a state of complete ignorance. The reliability is given by the weight
given to the original credal state 𝑟 = 1 − 𝛼.9 Suppose then that because Anton is told that doctors
in his situation are only 60% reliable, he discounts himself as a source with a weight given by 𝑟 =
1 − 𝛼 = 0.6. The result of doing this is an imprecise credal state {𝑝(𝑠1 ) ∶ 0.54 ≤ 𝑝(𝑠1 ) ≤ 0.94}.10
The consequence, according to the decision theory of Gärdenfors and Sahlin, is that Anton
should now choose C, if we assume that all the probabilities in the set {𝑝(𝑠1 ) ∶ 0.54 ≤ 𝑝(𝑠1 ) ≤
0.94} count as serious possibilities. That is because option C has a better worst case than either
A or B – the minimal expected utility for C is zero, whereas for A it is -34, and for B it is -11.02.
Thus, according to this theory, the increase in imprecision of the credal state would lead to taking
the option of giving the patient neither medicine. This can be thought of as taking the option of
hesitating to act, or postponing the decision.
In a forced choice, where Anton has to choose immediately between options A and B (i.e. a
case where C is not one of the options), the theory recommends that Anton choose the less risky
option B.
Overall, although there can be differences in the specific verdicts of different IP decision theories,11 they do tend to recommend the behavioural consequence that we argued should be expected
as a result of receiving higher-order evidence, namely a tendency to avoid taking immediate action
or opting for the less risky option.

5

RELATION TO OTHER VIEWS

In this paper, I have argued that an IP-framework provides a natural setting to tackle the issues
raised by cases of higher-order evidence. One might still wonder however whether we really need
all the extra complexity of an imprecise framework. Is there not some alternative way that a precise
Bayesian could handle the problem?
There is of course a large debate in the background here. Many people are not convinced in
general of the need or desirability of imprecise probability, and argue that precise Bayesianism
has various advantages which recommend it as a superior normative theory (Carr, 2019; White,
2010). I cannot get into this general debate here.12 What I have hoped to show is that some of the
things that seem puzzling about higher-order evidence might be more routine if viewed from an
IP framework. In particular, this framework allows for an explicit way of representing conviction
in one’s first-order attitudes and how it can be lost. Such loss of conviction seems to be precisely
what is involved in higher-order evidence cases, and representing such a change in doxastic state
has long been alleged to present a difficulty for precise Bayesianism.
In a recent paper, Steglich-Petersen has presented a view which attempts to accommodate some
of these difficulties, but without leaving the precise Bayesian framework. He appeals to an already
existing distinction in the Bayesian framework between the level of a credence and the ‘resilience’
of the credence. The notion of resilience has been used to account for weight of evidence (Skyrms,
1977). Earlier we considered the difference between a credence of 0.5 that a coin will land heads
when one has no information about the coin, and a credence of 0.5 when one has the results of
many tosses, showing a symmetrical distribution of heads and tails. It has been proposed that
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the difference here be understood in terms of the ‘resilience’ of the credence. This measures how
much the level of credence should change in the face of additional data. In the first case, the
credence has low resilience, because throwing a sequence of heads in a row will produce a large
shift in the credence level, whereas in the second case, it would have less impact, because the
credence will stick closer to the prior.
Steglich-Peterson proposes that in lopsided cases, higher-order evidence provokes revision of
both the level and the resilience of credences. In non-lopsided cases, higher-order evidence may
undermine the resilience of a credence, but without shifting the agent to a different level of credence. This gives us a way to understand cases like Holmes. Here Holmes’ testimony lowers the
resilience of Watson’s credence that the butler did it, but without requiring him to shift to a different level of credence in the butler’s guilt. Steglich-Petersen argues that ‘it is not necessarily irrational to hold some level of credence while being doubtful that that level is rational’ (p. 224). The
resilience view then captures the intuition that in non-lopsided cases, the evidence that serves
as higher-order evidence does not appear to give reason to revise the first-order attitude in any
particular direction.
Steglich-Peterson also argues that his view avoids commitment to the rationality of epistemic
akrasia in a form such as Watson believes that the butler did it, while also believing that the evidence does not support that first-order belief’. To make this case, he relies on a certain view of
what full belief involves: namely, full belief in a proposition 𝑝 requires not just a high level of
credence in 𝑝 but also a certain level of resilience.13 By making Watson’s credence lose resilience,
Holmes’ testimony can have the effect that Watson no longer believes that the butler did it, even
though he has a high credence for that. This means that Watson’s beliefs are not akratic in the
above sense, because he actually does lose his first-order belief in the butler’s guilt.
The resilience view thus arguably has some of the advantages I have claimed also attach to my
view, and it has some intuitive appeal. However, the view I have proposed has an advantage in
terms of dealing appropriately with behavioural effects. I have argued that higher-order evidence
should have an effect on action – namely moving one to making more conservative decisions or to
not acting at all, if that is an option. The resilience view, on the other hand, would have the same
consequences for action before and after the higher-order evidence was received. This is because
the credence level is the same, and so the same decisions get made.
It is true that the higher-order evidence is supposed to have behavioural effects on the resilience
account. In particular, a lowering of resilience is supposed to make one more responsive to new
evidence. That means that one may, given new evidence, revise one’s view and thus be prepared to undertake a different action. However, a change in behaviour seems reasonable not just
after obtaining new evidence, but in the situation before new evidence is received. But here the
resilience view would imply no effect.
There may be certain ways that a proponent of the resilience view could find to address this
difficulty. One might, for example, try to combine the view with a different kind of decision theory
which takes resilience into account. This would need to be worked out. Or perhaps the idea is that
it is full belief that guides action. This would be an unusual view, since most decision theories
make use of probabilities. Nonetheless one could perhaps make use of the stability theory of belief
Leitgeb (2017). Or one might appeal to considerations about what kind of policy with respect to
betting will have maximise expected value over the long-run (Coates (2012), p. 121). At the very
least, more needs to be said about the implications of the resilience view for decision-making. The
advantage of the view that I have presented is that it reflects the impact of higher-order evidence
in a framework which gives appropriate behavioural implications according to the usual decisiontheoretic principles associated with IP models.
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It is also worth noting that there have been some sophisticated attempts to handle higher-order
evidence by combining a Bayesian approach with epistemic logic, building on work by Timothy
Williamson (Dorst, 2019a, 2019b; Lasonen-Aarnio, 2015; Williamson, 2019, 2000). It is beyond the
scope of this paper to assess the relation of this proposal to those efforts, though the comparison
would be an interesting one.
In this paper, I have argued that imprecise probability provides a suitable framework for
developing the kind of two-dimensional representation of doxastic attitude which helps to fully
understand cases involving higher-order evidence. I do not mean to suggest that this is the
only possible way to develop the view. There are other modelling frameworks which also have a
two-dimensional character. For example, some authors have developed theories involving higherorder probabilities (Gaifman, 1988), and there are also decision theories which specifically take
account of ‘confidence’ in a probability distribution (Bradley, 2017; Hill, 2013). I will not attempt
to adjudicate the relative merits of these approaches here.14 What I hope to have done is to make
a case for the usefulness of two-dimensional representations of doxastic attitudes in analysing
cases involving higher-order evidence, using imprecise probability models as an illustration.

6

CONCLUSION

There appear to be two kinds of effects which evidence in ‘higher-order evidence’ cases can have.
Such evidence can call for a substantive change in our first-order attitude – for example, if it tells
us that one first-order proposition is more likely to be true than another. But in some cases, the
effect of the evidence is more to undermine the conviction with which we hold our first-order
attitude. Which of these effects is more dominant depends on the case. Getting a clear picture of
the impact of higher-order evidence requires then a representation of doxastic attitudes which
captures both the substantive dimension and the conviction dimension. Representing doxastic
attitudes using imprecise probabilities has this feature, making it a suitable framework for investigation of the phenomena identified in the higher-order evidence debate. I have argued that making use of such a representation allows us to avoid some of the difficulties associated with both
Level-Splitting and Revision views. Consideration of cases of higher-order evidence suggests that
such evidence should have implications for the risks we are willing to take in decision-making.
Those behavioural consequences can be captured in an IP-framework, by appealing to existing
decision principles.
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ENDNOTES
1
2

My characterisation is similar, though not identical, to that of Kappel (2019).
This is a more appropriate way of talking than saying that evidence supports a proposition itself. Good reasons
for this are given by Worsnip (2018), p. 10.
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Coates puts this as follows: ‘it is a mistake to think of Holmes’s assessment as counterevidence [to Watson’s
belief that the butler did it]. Recall that Holmes may criticize Watson’s belief as irrational even though he thinks
it is true, if he thinks Watson arrived at it in an irrational manner. Since Watson knows this, he cannot treat
Holmes’s assessment as evidence favoring the butler’ (Coates (2012), p. 115).
An example of the contrast here is given by the characters Doubtful Ava and Doubtful Brayden in Christensen
(2010b), p. 121.
Note that epistemic akrasia is often phrased as having high confidence that ‘𝑝, but my evidence doesn’t support
𝑝’, eg. Horowitz (2014). However, as explained above, I take evidence to support a doxastic attitude towards a
proposition, rather than supporting that proposition itself.
Proponents of IP often prefer not to use the term ‘uncertainty’ here to emphasise that it is not the same kind of
uncertainty as is expressed by the credence itself. Instead they prefer to say that imprecision in the credal state
represents ‘indeterminacy’ (Levi, 1974; Walley, 1991).
This is a situation that Popper called the ‘paradox of ideal evidence’ (Popper, 1959). Popper regarded it as ‘a little
startling’ that our degree of rational belief in 𝑎 is completely unaffected by all the extra evidence contained in
𝑒 and that ‘the absence of any statistical evidence concerning [the coin] justifies precisely the same ‘degree of
rational belief’ as the weighty evidence of millions of observations which, prima facie, support or confirm or
strengthen our belief’ (Popper (1959), p. 426).
An important alternative is the theory of Isaac Levi (Levi, 1980). See Seidenfeld (1988, 2004) for discussion of
differences between the theories. Discussion of these and other decision theories for imprecise probability can
be found in Troffaes (2007); Williams (2014); Augustin et al. (2014).
A convex combination of two imprecise probabilities 𝑝1 (𝐴) and 𝑝2 (𝐴) is given by 𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴) +
𝛼𝑝2 (𝐴), and𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴) + 𝛼𝑝2 (𝐴). For a convex combination of a precise probability 𝑝1 (𝐴) = 𝑝1 (𝐴) =
𝑝1 (𝐴), and the vacuous state 𝑝2 (𝐴) = 0, 𝑝2 (𝐴) = 1, this yields 𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴), 𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴) + 𝛼,
which has imprecision 𝑝(𝐴) − 𝑝(𝐴) = 𝛼.

10

Anton’s initial credence is precise, so 𝑝1 (𝐴) = 𝑝1 (𝐴) = 0.9. We mix this with the fully vacuous state with
𝑝2 (𝐴) = 0, 𝑝2 (𝐴) = 1. The resulting lower and upper probabilities are then respectively 𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴) +
𝛼𝑝2 (𝐴) = 0.6.0.9 + 0.4.0 = 0.54, and 𝑝(𝐴) = (1 − 𝛼)𝑝1 (𝐴) + 𝛼𝑝2 (𝐴) = 0.6.0.9 + 0.4.1 = 0.94. The imprecision
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13
14

of the resulting state is 𝑝(𝐴) − 𝑝(𝐴) = 0.4.
For example, in the choice between the three options, Levi’s theory would recommend that Anton choose the
less risky option B, rather than C. The two theories agree on the forced choice case.
For defences of IP, see Levi (1974, 2009); Joyce (2010); Schoenfield (2012).
Steglich-Peterson here appeals to the ‘stability theory of belief’ (Leitgeb, 2017)
There are of course various points of discussion. For example, some authors would resist the use of probability
at the higher-order level (Levi, 1974, 2009; Savage, 1954).
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