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Abstract

The authors argue that their target is orthogonal to the realism
and instrumentalist debate. I argue that it is born directly from
it. While the distinction is helpful in illuminating how some
ontological commitments demand a theory of implementation,
it’s less clear whether different views cleanly map onto the epi-
stemic and metaphysical uses defined in the paper.

Bruineberg and colleagues argue there is a conflation between two
uses of Markov blankets. Some use Markov blankets in an episte-
mic way while others use them to make ontological claims about
the physical world. To solve this conflation, they propose that we
should classify the former as Pearl blankets and the latter as
Friston blankets. While this strategy provides a helpful labeling
scheme for different uses, a need for a distinction of this kind
is indicative of a more substantial problem. Thus, solving this
conflation targets a symptom of a broader problem rather than
targeting what is at issue in the first place. The authors note
that their discussion is orthogonal to the realism and instrumen-
talism debate in cognitive science, but I argue that their distinc-
tion is better understood as a case study born directly from this
debate. Computational models play different roles in our scientific
theories. We can understand them as purely formal, or we can
take them as literally representing physical systems. But, regard-
less of our position, we need to say something about how our for-
mal, non-physical models relate to the concrete, physical world.

Pearl blankets are Markov blankets used in the formal sense
while Friston blankets are taken to be or to genuinely represent
concrete boundaries. This distinction rests on how scientists use
Markov blankets in their theorizing. But distinguishing between
uses leads to a question of how we should frame the difference
between Pearl and Friston blankets as scientific posits, not just
how they are used within a theory. We could understand the dis-
tinction most straightforwardly as delineating between the formal
and the physical. One way to cash this out is by thinking about
Markov blankets at either the algorithmic level or the implemen-
tation level within the Marrian framework. Pearl blankets are
purely formal models at the algorithmic level deployed irrespective
of the nuts and bolts of the physical system while Friston blankets
are implementations of Markov blankets themselves. Because real-
ism proposes that our best scientific theories provide us with
knowledge of the objective world - which ontologically commits
us to the entities they posit — Markov blankets understood at the
implementation level are a bona fide example of a realist position
while Markov blankets understood at the algorithmic level and
deployed in the Pearl sense demonstrate an instrumentalist posi-
tion. Because of this, the distinction is not orthogonal to the real-
ism and instrumentalist debate: it’s a case study within it.
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The authors argue that Friston users have an additional
explanatory task because we can’t simply read our ontology off
of the mathematics. What is needed is an explanation of how a
formal construct can be understood in a such metaphysically
laden way. This is exactly correct: To complete the theory an
account of implementation is required. What is needed for proper
reification is an account that maps the formal mathematical
model to the boundaries of the physical world. While it is still
an open question how we should formulate the implementation
relation, there are some views that could be adopted. One
approach is to argue that there must be some resemblance
between the model and the target system such that some specified
features are necessarily consistent between the two (Curtis-Trudel,
2021). Resemblance may help to alleviate some conceptual issues
regarding irregular boundaries. Another viable option comes
from Bogacz (2015). Bogacz proposes a theory of implementation
that maps different elements of the model onto different neural
populations within the cortex where the mapping between the
variables in the model and the elements of the neural circuitry
may not be “clean” but rather “messy” (Bogacz, p. 209).
Different views will map the formal computation onto the phys-
ical world in different ways, but what is important is that the rela-
tion between the formal model and the physical world is
accounted for.

One worry, though, is that the distinction between Pearl blan-
kets and Friston blankets is overly restrictive. There are additional
ways to understand how Markov blankets are used over and above
the Pearl and Friston senses. For example, one might be a realist
without being committed to physical implementation: It is possi-
ble to have ontological commitments to mathematical entities at
Marr’s algorithmic level without ontologically committing oneself
to implementation level features. Scientific realism proposes that
we are ontologically committed to the existence of the posits
that do explanatory work in our best scientific theories.
Depending on your view of explanation, non-causal, formal prop-
erties can play a robust explanatory role that meets the criterion
for scientific realism (Williams & Drayson, forthcoming). This
goes beyond the epistemic use and stops just short of the meta-
physical use blurring the distinction between Pear]l and Friston
blankets by neglecting to carve out space for a mathematical
ontology. If one can hold ontological commitments about formal
entities, do they also have an additional explanatory debt? Do they
now count as Friston blankets? Because you can have ontological
commitments at both the formal and physical levels, the distinc-
tion between Pearl and Friston uses blurs and additional explan-
atory requirements become unclear.

Different uses of Markov blankets provide a case study within
the instrumentalism and realism debate in cognitive science.
Some accept the formal model as an epistemic tool while others
use the formal model to make ontological claims. As with all for-
mal models, for proper reification, some account of implementa-
tion is needed. But, once the distinction is considered within the
context of the realism and instrumentalism debate in which it
belongs, it become unclear that the distinction is able to do the
work that it sets out to do in the first place because it fails to
leave room for additional ways in which one can take on a realist
stance about formal models.
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Abstract

Bruineberg et al. provide compelling clarity on the roles Markov
blankets could (and perhaps should) play in the study of life and
mind. However, here we draw attention to a further role blankets
might play: as a hypothesis about cognition itself. People and
other animals may use blanket-like representations to model
the boundary between themselves and their worlds.

In their impressive target article Bruineberg et al. describe two
radically different ways we can use Markov blankets. Pearl blan-
kets are tools that allow scientists to identify (in)dependence
between variables when modelling complex systems. In contrast,
Friston blankets are tools philosophers may use to parse the
world into internal and external states, distinguishing agents
from the rest of their worlds.

We wholeheartedly agree that this distinction is important, but
feel this dichotomy neglects a third possibility: blankets as a
hypothesis about cognition itself. In this way of thinking, cognis-
ing creatures may use processes that approximate Bayesian mod-
elling to track which states of the world depend on or are
independent of their actions. In so doing, these creatures con-
struct a cognitive blanket that captures their beliefs about what
they can and cannot control.

This cognitive blanket hypothesis makes distinctive predictions
about how agents estimate agency and control over their bodies
and the world. Many have suggested that humans and other ani-
mals determine what they can control by tracking correlations
between actions and outcomes (Dickinson & Balleine, 1994;
Yon, Bunce, & Press, 2020). However, building a cognitive blanket
- mapping causal dependencies between actions and states -
allows an agent to entertain counterfactual scenarios and to inter-
vene on the world to test connections implied by their model.
This kind of hypothesis testing — evocatively dubbed “causal sur-
gery” (Pearl, Glymour, & Jewell, 2016) - allows agents to refine
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beliefs about their own causal power by acting on the world in
informative ways.

Psychologists can test for cognitive blankets by investigating
whether agents are sensitive to counterfactual information and
engage in “causal surgery” to test what they can and cannot con-
trol. In humans, there is some evidence of sensitivity to counter-
factual information — we feel a greater sense of control when we
believe we could have acted differently and this could have altered
outcomes (Kulakova, Khalighinejad, & Haggard, 2017). There is
also tentative evidence that human agents perform exploratory
actions when judging control over events in the external world
(Wen et al,, 2020). This kind of exploration could be a hallmark
of “causal surgery” that tests hypotheses about our influence.
However, it is also possible that apparently exploratory behaviour
emerges from noise in decision and action systems (Findling,
Skvortsova, Dromnelle, Palminteri, & Wyart, 2019). Targeted
tests are thus needed to establish whether humans engage in gen-
uine causal surgery when estimating control — possibly by deter-
mining whether explorations about control depend on the agent’s
uncertainty about action-outcome relationships.

The same tests could also be applied by comparative cognitive
scientists. It has long been debated how far nonhuman animals rep-
resent their behaviour as “causes” of environmental changes (Penn
& Povinelli, 2007). In our way of thinking, empirical evidence of
causal surgery in different species would suggest the animal is con-
structing a cognitive blanket — testing hypotheses about how action
and outcome connect. As with humans, it would be important to
distinguish uncertainty-driven hypothesis testing in animals from
blind exploration. Such efforts could exploit apparent signatures
of “confidence” detectable in animals (Kepecs, Uchida, Zariwala,
& Mainen, 2008), or could investigate how animals respond to dif-
ferent varieties of environmental uncertainty (Yon & Frith, 2021).
For instance, if a creature’s exploratory behaviour responds to vol-
atility in action-outcome relationships, this may be indicative of
causal surgery: The active probing of the agent’s blanket-like
model to test what they can and cannot influence.

Furthermore, cognitive blankets could illuminate the distur-
bances of action awareness that occur in psychiatric illness.
Patients with psychosis often develop delusions about action
and control: They claim to control things they objectively cannot
(grandiosity) and deny controlling some actions they have genu-
inely authored (passivity; Frith, Blakemore, and Wolpert, 2000).
These strange beliefs might arise from a disordered blanket that
draws the boundary between world and agent in an unusual
way (much like that depicted in Bruineberg et al’s Fig. 7c). If
intervention and exploration are essential ingredients in building
up an accurate cognitive blanket, it may be fruitful for clinical sci-
entists to investigate processes of causal surgery in psychosis. If
these patients are less likely to intervene on the world to test
what they can control, unusual beliefs about the self and the
world may persist unchecked. Indeed, one could speculate that
a vicious cycle obtains in psychosis, where negative symptoms
dampening the drive to act (e.g., apathy, catatonia) rob patients
of action-outcome experiences that could challenge positive
symptoms (i.e., delusions about action; see Bortolotti &
Broome, 2012; Corlett, Honey, & Fletcher, 2016). We note with
interest the role that dopamine signalling appears to play in learn-
ing, confidence, causal inference, and their derangement in
psychosis-like states (Redgrave & Gurney, 2006; Schmack, Bosc,
Ott, Sturgill, & Kepecs, 2021; Sharpe et al., 2017).

Our third way of thinking about blankets - as representations
in the heads of agents - departs from both Friston and Pearl



