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Abstract
The paper addresses the issue of theory-ladenness of observation/experimentation.
Motivated by a naturalistic reading of Thomas Kuhn’s insights into the same topic, I
draw on cognitive neuroscience (predictive coding under Free Energy Principle) to scru-
tinise theory-ladenness. I equate theory-ladenness with the cognitive penetrability of per-
ceptual inferences and argue that strong theory-ladenness prevails only under uncertain
circumstances. This understanding of theory-ladenness is in line with Thomas Kuhn’s
view on the same subject as well as a cognitive version of modest realism rather than
downright antirealism.

Keywords: Cognitive penetration; cognitive structural realism; free energy principle; theory-ladenness of
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1. Introduction

It may be justifiably assumed that scientific realism is somehow related to perceptual
realism, in the following sense. The validity of representational credentials of observa-
tional chunks of scientific theories is taken for granted by scientific realists. The situ-
ation of theoretical terms is more complicated. After all, realists usually need to put
forth adroit strategies to establish quasi-reality of theoretical parts of the theory.1

And it happens to be the case that the observational/theoretical distinction has become
a relic of bygone ages. However, it is not clear to what extent theories load/lead the
observations, nor are the bearings of theory-ladenness completely clear for the realist
vs. antirealist debate. The paper focuses on two interrelated issues in this context.
First, there is the question of the scope of theory-ladenness. The paper draws on scien-
tific evidence to deal with this question. It equates theory-ladenness with penetration of
perceptual inferences by cognition and builds upon scientific evidence from predictive
coding under Free Energy Principle to show that theory-ladenness is not usually strong.
Second, the paper argues that a moderate form of theory-ladenness is in line with a
modest version of cognitive realism. The paper incorporates insights from recent
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1Instead of outright realism about the referential prowess of theoretical terms (or realism about the refer-
ents of those terms), scientific realism has been evolved into sophisticated stances on laws and dispositions
(Mackie 1977; Mumford 2006), properties (Chakravartty 2007) and structures (French 2014). These varie-
gated approaches to realism, amongst others, take the representational veracity of observational terms for
granted.
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computational neuroscience as well as some philosophical material from Thomas
Kuhn’s discussion of theory-ladenness to substantiate its arguments.

The relation between theory-ladenness and scientific realism can be complicated.
The question of how to set a meaningful distinction between the observable and the
unobservable has been perennial in the history of the philosophy of science, both for
the pioneering philosophers of science and those who moved in their wake (Carnap
1956; Maxwell 1962, 1971; van Fraassen 1980; Psillos 2000b; Friedman 2011).
Denying that there is such a distinction, or assuming that observations/experimentation
is led/loaded by theories can result in intricate implications that may lend support to
diverse and at times conflating stances, from diehard realism to downright antirealism.
Tampering with the border between observable and unobservable may also lead to
accounts that can be construed as sophisticated forms of realism or non-realism. A
good example of a sophisticated stance is Thomas Kuhn’s (1962) theory of science
which is centred on his insights into theory-ladenness and incommensurability of the-
ories across different historical/social contexts. The present paper draws on some recent
breakthroughs in cognitive/computational neuroscience to shed some light on the issue
of theory-ladenness, its scope, and its bearing on scientific realism.

The paper would unearth the psychological root of theory-ladenness by discussing
the issue of cognitive penetrability of perceptual inferences under the Free Energy
Principle (FEP). FEP underlies a flourishing approach to cognition, action, perception,
etc., in terms of minimisation of the free energy or prediction error (Friston 2012, 2013,
2019). The paper will argue that the picture of theory-ladenness (or cognitive penetra-
bility) under FEP is too sophisticated to lead to an outright confirmation or rejection of
scientific realism. The relevance of the present enterprise to the works of Kuhn is this.
Kuhn, too, has conjured scientific evidence from Gestalt psychology in support of his
views on theory-ladenness and incommensurability. In the wake of Kuhn, others,
such as Churchland (1979) and Fodor (1984) have discussed theory-ladenness with
an eye to evidence from experimental psychology. The topic has been of philosophical
interest until very recently (Brewer and Lambert 2001; Karaca 2013; Franklin 2015).
Against this background, the paper would pursue its twin goals. Firstly, it draws on
some advancements in cognitive neuroscience to argue that strong cognitive penetrabil-
ity/theory-ladenness is not a prevalent phenomenon. Secondly, the paper argues that
weak cognitive penetrability/theory-ladenness is compatible with modest forms of cog-
nitive realism, as being pioneered by Giere (1988, 1992) and restored by myself recently
(Beni 2019a). The paper also examines its suggestions against a naturalist reading of
Kuhn’s insights into theory-ladenness. Kuhn’s reliance on psychology sets a precedent
for the scientifically informed approach of the paper to theory-ladenness, and, the mod-
erate form of cognitive realism that is advocated here is in harmony with Kuhn’s nat-
uralism. The historical connection between cognitive realism and Kuhn’s ideas (through
Bird’s naturalist reading of Kuhn and Paul Churchland’s and Ronald Giere’s cognitive
approaches to science) is canvassed in broadest terms, whereas psychological grounds
for theory-ladenness are explored closely.

The paper is structured in the following manner. It discusses issues of theory-
ladenness and incommensurability. After establishing that it is alright to draw on cog-
nitive psychology (and in this case, cognitive penetrability) to discuss the issue of
theory-ladenness, the paper canvasses the Free Energy Principle and unfolds the impli-
cations for theory-ladenness. After arguing that scientific evidence supports only a weak
version of theory-ladenness, the paper unfolds the consequences for the realist vs. anti-
realist debate to indicate that the FEP-based account of theory-ladenness is in line with
a moderate cognitive form of realism rather than full-blooming versions of either real-
ism or antirealism.
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2. Theory ladenness and cognitive penetration

Generally, scientific realism conveys a commitment to the existence of the
mind-independent world (this is the ontic component). It also includes epistemic
and semantic theses, indicating that science provides reliable knowledge of the world
and that theories are truth-apt and theoretical posits have veridical references. There
might have been versions of realism and antirealism that are committed to a clear dis-
tinction between observational and theoretical parts of theories.2 But now it is generally
believed that even observational parts of theories are (at least to some extent) laden by
the theoretical content, and as such, there is no clear distinction between the
observational and the theoretical. This thesis/conjecture is called ‘theory-ladenness of
observation/experimentation’, and we just call it ‘theory-ladenness’ for the sake of brev-
ity. There are interesting ramifications for the philosophy of science. On the one hand,
rejecting the observational/theoretical dichotomy may support scientific realism as
opposed to versions of empiricism that are committed to the referential capacity of
the observational but not theoretical parts of theories. At the same time, because
theory-ladenness rejects the possibility of testing the theory by theory-independent
observations or experimentations, it may well result in scientific antirealism. All that
I said about theory-ladenness also applies to the issue of cognitive penetrability of per-
ceptual inferences. Hence the relation between perceptual realism – which is concerned
with “whether perceptual beliefs are true” (Raftopoulos 2008: 64) – and scientific real-
ism. Perceptual realism consists of two theses: firstly, experience has nonconceptual
content, and secondly, nonconceptual content of experience represents the structure
of the mind-independent world veridically (also see Raftopoulos 2008). The assumption
of the cognitive penetration of perceptual inference infringes the first thesis. This paper
considers the issue of cognitive penetration of perception in tandem with the bearing of
theory-ladenness (and the range of its scope) on scientific realism (assuming that ‘cog-
nitive penetration’ can be equivocated with ‘theory-ladenness of observation’).

The relationship between cognitive penetrability and scientific realism has been
already discussed in the literature. Fodor (1984) and Kitcher (2001), amongst others,
have endeavoured to unpack the ramifications of psychological accounts of background
categories and preconceptions for the scientific realism vs. constructivism debate. Even
some of the most interesting claims of no less significant figure than Kuhn (1962: 62–3)
himself draw on psychological studies3 to establish the point that perceptions or obser-
vations are mediated by conceptual schemes of the agents.4 Kuhn has developed this
insight into his account of ‘incommensurability’, which aims to characterise the concep-
tual disparity across the preceding and succeeding scientific paradigms that are

2Such naïve realist views may accept the dichotomy, but assume that observational terms and theoretical
terms both refer to real entities (of observational and non-observational kinds). Naïve empiricism may
indicate that only observational terms but not theoretical terms have veridical references. There have
been scientific empiricists who toyed with the idea of reducing theoretical parts to observational parts
(for example, by using observational terms in reductive pairs (Carnap 1936) or invoking the
Ramsey-sentence approach, by showing how the theoretical sentences of the theories could be existentially
quantified without making specific commitments to particular theoretical entities, given that the experi-
mental content of the theory could be exhausted in terms of the referential capacity of the observational
components of the theory (Psillos 2000a; Friedman 2011).

3Such as Jerome Bruner’s and Leo Postman’s (1949) experiment about identifying anomalous cards such
as the black four of heart and the red six of spades.

4Kuhn drew on these cases to argue that scientists’ experience of the evidence is intermediated by their
theoretical schemes. For example, Kuhn argues that in the case of combustion for example, Priestley and
Lavoisier were considering the same phenomena (now called oxidation) as the evidence for their diverse
accounts of the combustion process (Kuhn 1962: 59).
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disjoined across scientific revolutions (Kuhn 1962: 148 ff). He refers to cognitive and
Gestalt psychology – in works of Bruner and Postman – in support of his statement
of theory-ladenness and incommensurably (Kuhn 1962: 62, 111). Bird (2012) argues
that these attempts result in an unappreciated form of Kuhnian naturalism that pre-
dated Quine’s naturalised epistemology. According to Bird (2005), owing to practical
reasons – such as the urge to have the philosophical credentials of his work recognised
by his contemporaries – Kuhn has ignored the earlier naturalist leaning of his concep-
tion of theory-ladenness. Bird’s work aims to bring this naturalist aspect into focus.

Before going further, I just point out that naturalism – which is also connoted by
Kuhn’s work – may be at least to some extent compatible with realism because in
some sense it invites trusting in scientific theories as the venues of providing reliable
guidelines to philosophy. If that is true, the existence of naturalist elements in
Kuhn’s work indicates that his work is not totally incompatible with a moderate
form of (cognitive) realism. In time, this psychologically informed account of a
theories-world relationship evolves into a version of scientific realism that builds
upon scientific grounds (from cognitive science and psychology) to substantiate
insights into the relationship between theories and the objective structure of the
world (Giere 1988; Beni 2019a).

3. Kuhnian naturalism and cognitive realism

Kuhn’s views on incommensurability and theory-ladenness do not indicate that science
is irrational (Hoyningen-Huene 1993), nor do they lead to downright antirealism. It is
true that Kuhn’s ideas have evolved into confuting convergent realism – according to
which science gets ever closer to the truth (Laudan 1981) – or social constructivism –
which makes scientific knowledge mainly a matter of social factors and forces (Latour
and Woolgar 1979). However, Kuhn (1992) himself repudiates strong social construct-
ivism, which according to him makes science a matter of power and interest, rather
than rationality, evidence, and representing nature. The relationship between scientific
realism and Kuhn’s ideas is not straightforward, especially as his enterprise could be con-
strued as an attempt at demystifying scientific rationality, rather than dethroning it. This
point has also been nailed down in Kuhn’s (1977: Ch. 13) own later interpretation of the
original statement of his views, where he remarks that the invitation to trust the collect-
ive judgment of the scientists does not make theory choice a matter of mob psychology.
Although (in light of theory-ladenness of theories) it cannot be assumed that there is
decisive proof or theory-independent evidence to determine the choice of theories or
paradigms, Kuhn concedes that the choice is constrained by some maxims, norms, or
values. The list, which is not exhaustive, includes notions of accuracy, consistency
(with other theories), broadness of scope, simplicity, and fruitfulness (Kuhn 1977:
321–2). None of these maxims is sufficient for objectively dictating the choice of theor-
ies, and none of them can be interpreted uniquely. Even when applied collectively, the
said maxims do not eliminate the problem of choice for individual scientists. But this
does not mean that the choice is totally drained from objectivity. In fact, Kuhn questions
the plausibility or usefulness of an idealized distinction between subjective factors and
objective ones (that is to say, he challenges the distinction between the context of discov-
ery and the context of justification). Accordingly, although Kuhn’s theory does not deny
the role of personal and idiosyncratic factors in theory choice, it does not lead to down-
right antirealism because according to Kuhn (1977: 325), “every individual choice
between competing theories depends on a mixture of objective and subjective factors,
or of shared and individual criteria”. If that is true, a moderate cognitive realist reading
of the relation between theories and reality does not directly defy Kuhn’s theory of
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science. The version of cognitive realism that I have in mind is mainly inspired by works
of Giere (1988) (which might be somehow in line with Kuhn’s late views (Giere 2013)).
But before speaking about cognitive realism, I will elaborate a bit more on the naturalist
interpretation of Kuhn’s ideas.

We cannot continue by scrutinising the thorny issue of ‘scientific paradigm’ in the
context of Kuhn’s work. That issue is simply too complicated to be unfolded here.
Suffice it to say that paradigms afford puzzles that scientists are supposed to solve,
given that scientific activity mainly consists in puzzle solving (Kuhn 1962: 36 ff).
Solutions to the puzzles, too, are supposed to be evaluated against the criteria that
the paradigm provides. Roughly stated, there are no objective criteria such as observa-
tion or experiment to evaluate the paradigms. Observations/experimentations are laden
with theories that are firmly instilled in the cognitive system of scientists through rigor-
ous training and indoctrination processes. Scientists could not conjure
theory-independent evidence in support of their theories. Diverse paradigms are incom-
mensurable, they are taxonomically and conceptually separated from one another.
Paradigms are indeed prone to expiration and change, say when instances of crisis escal-
ate and anomalies amass beyond a certain threshold. But as long as scientists work
within a paradigm, it is rather the paradigm that provides the standard for gauging
the eligibility of scientists (this means that the paradigm tests the scientists, not the
other way around). It is important for our purpose in this article to note that puzzle-
solving within a paradigm is not a matter of the application of rules of rationality,
but it is a matter of pattern recognition (under Gestalt psychology according to
Kuhn) (Bird 2005: 103). For Kuhn pattern recognition under a paradigm takes the
place of the application of rational rules. Bird also argues that since Kuhn replaces sci-
entific rationality with puzzle-solving and pattern recognition, it would be “natural to
appeal to connectionism (neural network models, parallel distributed-processing
(PDP)) as showing how it is realised in the scientist’s brain” (Bird 2005: 109). This is
the link between the naturalist reading of Kuhn’s and a version of cognitive realism
that will be introduced in the final section of the paper. I use this warrant, about it
being natural to appeal to connectionism, to support a weak notion of theory-ladenness
by recent developments in unsupervised learning in neural networks.

Let us recap before proceeding. The relation between neural network models and
Kuhn’s notion of scientific activity is this: Kuhn specifies scientific activity both at
the individual and large-scale levels as pattern recognition. Because neural distributed
processing underlies reliable accounts of sequential thinking and pattern recognition,
it can provide a nice formal-scientific framework for regimenting Thomas Kuhn’s
view on scientific practice. For example, paradigm shifts can be regimented in terms
of the shift in the configuration of activation spaces in a connectionist network. In
the same vein, incommensurability can be explicated in terms of “a difference in
pattern-recognitional capacities and cognitive habits – between subjects” (Bird 2005:
113). Tacit assumptions and inferential habits that underlie pattern recognition are
mapped onto the configuration of activation spaces in connectionist networks and
owing to having different patterns of activation spaces, subjects could be in disagree-
ment about what is a reasonable solution to a problem (hence a PDP formulation of
Kuhn’s insights is viable).

Let us connect Bird’s interpretation of Kuhn’s work to the enterprise of the present
paper. To the extent that embodied cognitive organic cognitive systems are at issue,
neural networks are implemented in organisms on the basis of unsupervised learning
in hierarchically organised parallel distributed organization with the capacity of forming
generative models and optimising them. A state-of-the-art account of PDP in organic
systems has been presented in terms of minimising variational free energy (see Kiefer
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2020). As Bird has already said, it is natural to draw on PDP and connectionism to
explicate Kuhn’s account of pattern recognition. If that is the case, it will as well be
appropriate to draw on more recent accounts of pattern recognition in unsupervised
networks to account for theory-ladenness. Hence the relevance to Kuhn’s ideas to
the present project (more on this later in the paper). In the remainder of the paper,
I first explore state-of-the-art cognitive sciences to shed some light on the murky
issue of theory-ladenness, and then, after showing that at least some flourishing theories
of psychology do not support strong theory-ladenness, I present a moderate realist
account of the theories-world relationship. This enterprise is inspired by Kuhn’s scien-
tifically informed approach to theory-ladenness.

4. Free energy principle and predictive processing

Thus far, I have argued that it is legitimate to draw on theories from cognitive psych-
ology to enlighten the discussion of theory-ladenness. Thomas Kuhn had drawn on the-
ories of Gestalt psychology, and Bird furthered Kuhn’s discussion by considering PDP
in neural networks in terms of connectionism. In order to make an improvement on
this discussion, I will focus on predictive coding under Free Energy Principle (FEP).
The relevance of using FEP in the present context is that not only does the theoretical
framework of FEP include an updated version of unsupervised learning in neural net-
works (which is used by Bird to reinforce a naturalist reading of Kuhn’s work), it also
furthers some seminal insights of Gestalt psychology (which are used by Kuhn in sup-
port of his account of theory-ladenness). Orlandi (2016) provides an interesting
account of the historical relationship between the Bayesian accounts of perception
(such as FEP), connectionism, and Gestalt psychology. The general insight behind
Orlandi’s discussion is that all of these accounts are loyal to the basic insight of
(Kohler’s version of) Gestalt psychology, according to which “the brain is a dynamic,
physical system that converges toward an equilibrium of minimum energy” (Orlandi
2016: 348). This means that the mode of unsupervised learning in connectionist net-
works is in harmony with this Gestalt idea, given that networks strive to reduce errors
by adjusting connection strengths based on feedback from the environment (or training
set). FEP provides an advanced account of processes that have been already contrived in
Gestalt psychology and connectionism. We will be able to elaborate on the relationship
between FEP and Gestalt theory later in this section, after saying a bit more on the free
energy principle. For the time being, suffice to say that the present paper draws on com-
putational neuroscience (and FEP in particular) to inform the philosophical discussion
of theory-ladenness (by the same token, FEP can be used to illustrate the discussion of
the theories-reality relationship). Below, I shall furnish some further details about pre-
dictive coding under FEP.

Friston and colleagues have discovered and presented the Free Energy Principle
(FEP) (Friston 1994, 2010; Friston et al. 2006) as an equation that unifies accounts
of cognition and action. They argue that FEP provides a grand unifying framework
that comprises theories of cognition, perception, learning, emotion, memory, con-
sciousness, and action and integrates them (Hohwy 2013; Clark 2016; Ramstead
et al. 2017; Friston et al. 2020; Seth and Hohwy 2020) (there are of course also those
who question the unificatory scope of FEP, for discussion see Beni (2018, 2019b),
Colombo and Hartmann (2015) and Colombo and Wright (2018)). The general idea
behind FEP is that organisms tend to resist the dispersing force of the environment
by achieving homeostasis or reaching non-equilibrium steady states with their environ-
ment. If organisms do not reach homeostasis, their existence will be terminated. In
order to resist dissolving, the organisms must make their internal physical and chemical
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milieu stable enough. To do so, they must avoid surprise, which is the negative log prob-
ability of an outcome. Organisms systematically avoid surprises by putting an upper
bound on their internal entropy, which is the average of the surprise (Friston 2010:
127). This, namely minimising free energy, is what keeps the organism in
non-equilibrium steady states. Accordingly, making the internal milieu stable enough
mandates setting some sort of barrier between internal and external states. The
encroachment upon the boundary would lead to endangering the steadiness of the
states of the system. The requisite boundary has been characterised in terms of
Markov blankets (Kirchhoff et al. 2018; Parr et al. 2020).

Markov blankets are used to model the conditional dependencies between internal
and external states. The Markov blanket of a node consists of the node, its parents,
its children, and co-parents of its children. Parents are the cause of children and blan-
kets model patterns of conditional dependencies around the node. Blankets consist of
sensory states and active states, where the former states affect the internal states but
are not affected by them, and the active states affect the external states but are not
affected by them. Given that internal and external states do not affect one another dir-
ectly, Markov blankets serve to model conditional independence/dependence between
the internal and the external (Hipólito et al. 2021). The organism’s interaction with
the environment – how the organism garners evidence for its existence by actively
searching the environment and how it decreases the free energy by acting on the envir-
onment – can be modelled by using Markov blankets. The question of whether Markov
blankets are embodied (or real/physical) entities within organisms or they are just
abstract modelling tools has been the subject of some debate (Bruineberg et al. 2020;
van Es and Hipólito 2020; Beni 2021).

It is also worth mentioning that FEP not only underpins a theoretical framework for
explicating life, it has also been applied to the brain. The brain is in charge of control-
ling the action of the organism and regulating its interaction with the environment.
Prediction error minimization is roughly the same thing as free energy minimisation.
The brain contributes to maximising the survival of the organism by optimising the
precision of the organism’s representations of the causal structure of the world. To
do so, the brain does not just passively receive raw data from the environment. It
forms predictions about the environment first and then, through top-down approxi-
mate Bayesian mechanisms that are realised in a hierarchical structure, it minimises
the discrepancy between predictions and their target systems in the environment.
The discrepancy will be minimized by either updating generative models or changing
the world (Limanowski and Friston 2020). This model specifies the brain “as a hierarch-
ical filter that takes the non-linear time series of sensory input and seeks to filter out
regularities at different time scales” (Hohwy 2017: 77). Across this hierarchical organ-
ization, the brain applies approximate Bayesianism to calculate the discrepancy between
its generative models – internal models of likelihood of data, given their causes – and
the causal structures in the environment. Then the organism minimises the discrepancy
by either updating models of priors in the brain or changing the environment.

Let consider the resemblance that the FEP framework bears to Gestalt psychology
once more. According to FEP, the organism aims to stay in non-equilibrium steady
states by minimising its free energy. In this context, the brain is the approximate
Bayesian inference machine that minimises the prediction error of generative models.
This bears resemblance to Köhler’s (2007 [1920]) idea of the brain as a holistic physical
system (or a physical Gestalt) that evolves towards stable states whose energy is min-
imum. In fact, Wagemans et al. (2012: 86) suggest that to amend for the empirical
shortcoming of the original Gestalt account of brain functions, we may implement
physical Gestalt “as recurrent networks with closed feedback loops, which can be proven
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to converge to an equilibrium state of minimum energy” (as stated by FEP) (also see
Van de Cruys and Wagemans 2011). More generally, according to a version of
Gestalt psychology that is represented by Max Wertheimer, Kurt Koffka, and
Wolfgang Kohler, “perception was not the product of sensations but it arose through
dynamic physical processes in the brain” (Wagemans et al. 2012: 4). And this notion
speaks directly to the FEP-based account of perception according to which the brain
is capable of optimising a (free-energy) bound on surprise or its complement
(Friston 2010). Of course, none of these points is directly about Kuhn’s views on
theory-ladenness, but the seminal point about the resemblance between the physical
Gestalt and the Bayesian brain under FEP could be developed into accounts of percep-
tion that support Kuhn’s insights into theory-ladenness. For example, FEP’s account of
cognition does not begin from the stimuli but from the generative models which are in
the business of forming predictions about the world at the top levels of cognitive archi-
tecture. Past experiences are accumulated in these generative models, and as such,
experience is not directly dependent on the unadulterated intrinsic properties of the
stimuli, but (also) on patterns of correlations in past experiences as well as the overall
neural structure and the global activity of the cognitive system. This means that the
interpretation of stimuli is penetrated by the configuration of the activation patterns
in the cognitive architecture, which provides a basis for saying that observation is
theory-laden. We will delve into this account of theory-ladenness in the next section.

Let us recap. FEP presents a holistic account of cognition/perception according to
which the perceptual experience is not decomposable to the received sensory inputs.
This occasions a resemblance to ideas of Gestalt theorists, who argued that “the
world that appears to us is not a literal copy of the external world but that there are
events beyond the visual input, in the brain, which are responsible for the structural
appearance that the world has in our consciousness” (Van de Cruys and Wagemans
2011: 239). Consequently, FEP can be conjured to support the reconstruction of
Kuhn’s accounts of theory-ladenness and incommensurability, in the same capacity
that Gestalt theories have been applied in Kuhn’s original statement of his views.

5. The FEP-based account of theory-ladenness

Brewer and Lambert (2001) (whose work inspired the present enterprise) have investi-
gated the bearing of cognitive psychology on the analysis of theory-ladenness. Their ref-
erence to cognitive psychology is based on the theoretical models of interaction of
top-down theoretical information and bottom-up sensory information, but they also
draw on specific experiments – such as the Müller–Lyer illusion (which is also discussed
by Fodor 1984) and the old woman/young woman picture. Brewer and Lambert discuss
these experiments to conclude that perception and attention are indeed theory-laden,
but they give a spin to their argumentation to assert that instances of theory-ladenness
are strong only when the perceptual evidence is ambiguous or degraded. For example,
the observations of states of Pluto could be laden by theories only when there are fuzzy
regions on photos of Pluto. We will proceed to consolidate results that are extracted by
Brewer and Lambert. To do so, we discuss the theoretical implications of FEP as a grand
theoretical framework rather than focusing on specific experiments. The result may be
worthwhile because the FEP framework provides a solid foundation for construing
diverse experiments that are relevant to the issue of theory-ladenness. Clark (2016:
54 ff.), for example, draws attention to a few experiments. However, we can make
sense of the diverse experiments best when we use a theoretical framework that
accounts for why human cognitive faculties reply to the experiment’s setting in the
way that they do. We rely on FEP (rather than individual experiments) to account
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for theory-ladenness in the same fashion that Kuhn drew on Gestalt psychology. I
assume that relying on a theoretical framework rather than individual experiments pro-
vides a more profound insight into theory-ladenness. Let me elaborate.

One of the several experiments that are mentioned in Clark’s account of FEP’s top-
down architecture concerns the sine-wave speech (Remez and Rubin 1990). In the first
stage of the experiment, a vaguely audible replica of the normal speech that is stripped
of almost all recognisable sounds and retains only a skeletal acoustic outline is played
for the subjects. Not surprisingly, subjects mainly hear incomprehensible noises. In the
second round, the experimenter lets the subjects first hear the original soundtrack – in
which the sentences are clearly audible – and then plays the sine-wave replica. This
time, the subjects can hear the sounds of clearly intelligible speech even when listening
to the sine-wave replica. The conclusion is that theories have a top-down influence on
the subject’s sensory perceptions. Clark (2016: 54 ff.) also mentions some other experi-
ments that confirm this conclusion (the initially indistinguishable picture of the shadowed
Dalmatian dog is another famous example). The take-home point is that “a whole pan-
theon of knowledge-based and contextual effects upon perceptual inference, since it
makes what we know (both consciously and, more often, non-consciously) about the
world a prime player in the construction of perceptual experience itself” (Clark 2016:
56). Each of the mentioned experiments could be used to support a strong form of theory-
ladenness. And by accounting for the results of these experiments in a unifying manner,
FEP provides yet more fundamental support for theory-ladenness. The brain constructs
generative models and applies them to the actual sensory inputs. Actual sensory inputs
are perceived on the basis of the generative model at the top levels of the hierarchy,
and evidence/sensory inputs must conform to the hypothesis/theory that is exhibited by
the generative models. Therefore, observation is theory-laden. However, closer scrutiny
may indicate that FEP does not unconditionally support theory-ladenness.

To provide a reliable understanding of FEP’s bearing on the issue of theory-
ladenness, it is important to note that top-down influence of prior knowledge is con-
stantly modified through the interface with the bottom-up current of sensory inputs,
where the brain forms estimations of the precision of prediction errors and uses
these to balance the interaction between predicted and actual inputs. As Hohwy
(2013: Ch. 6) argues, although top-down prediction of sensory input bears significantly
on perceptual inference, it is impossible to say how extensive the influence of theories
actually is (see Hohwy 2017). The implication is important for our discussion of theory-
ladenness because it shows that although theory-ladenness is ubiquitous, it is not strong
in normal circumstances (when vagueness is not maximal). This is in line with Brewer
and Lambert’s aforementioned remark.

Hohwy submits that there are indeed genuine instances of dependence of perceptual
inference on top-down predictions which form the whole hierarchical structure of pre-
diction error minimisation. However, the observation does not immediately confirm a
strong form of theory-ladenness. The important point is that the relation between gen-
erative models and sensory inputs is not unilateral, because bottom-up prediction
errors, too, affect the brain’s predictions via a process that leads to updating generative
models. When translated in terms of theory-ladenness, this means that the theory could
not completely determine the observation. This adds up to the conclusion that the
strong form of theory-ladenness (or cognitive penetration) prevails only under highly
uncertain circumstances (Hohwy 2013: 123). Given that the circumstances are never
completely certain, perceptual inferences are always to some extent cognitively pene-
trable. However, uncertainty is not always (or even normally) maximal. Therefore,
observation is not always determined by observation. Below, I shall furnish some
more details.
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Consider the process of the formation of any perceptual inference. The amount of
uncertainty is low at earlier stages of processing when the prediction error is hugely
suppressed. Hohwy (2017) explicates this situation in terms of the learning rate,
where a high learning rate indicates that perceptual inference is determined by new evi-
dence rather than prior beliefs. Under such circumstances active inferences efficiently
contribute to updating one’s generative models and constrain the penetrability of per-
ceptual inferences – this is the case, for example, in the Müller–Lyer experiment which
underlies Fodor’s (1984) counterargument (see Hohwy 2013: 127). On the other hand,
in cases of overwhelming vagueness and uncertainty, the agents would prefer to put
their trust in their theories/hypotheses rather than wavering sensory inputs. This is
the case in duck/rabbit and old woman/young woman experiments when the picture
itself is too vague to determine the perceptual inferences (Hohwy (2017) accounts for
this in terms of deviation from optimal learning rate). This adds up to the conclusion
that “beliefs, in the shape of prior expectations, are capable of determining perceptual
content in quite profound ways, and that this is especially evident in cases of high
uncertainty” (Hohwy 2013: 137). This conclusion, about the relationship between
strong cognitive penetrability and highly uncertain circumstances, consolidates
Brewer and Lambert’s (2001) insight into the correlation between strong and weak
theory-ladenness on the one hand and the amount of ambiguity on the other. (It is
also in line with the general trajectory of the works by Raftopoulos (2008) and
Franklin (2015).) To the extent that scientific evidence from FEP indicates, strong
theory-ladenness prevails only under highly uncertain circumstances. Otherwise,
theory-ladenness is only weak. In the next section, I will unpack the consequences of
the discussion for the realism vs. antirealism debate in the philosophy of science.

6. Moderate cognitive realism

We rifled through parts of the literature on cognitive penetrability under FEP (also see
Drayson 2017; Hipólito and Kirchhoff 2019). ‘Cognitive penetrability’ speaks directly to
theory-ladenness in the philosophy of science. This provides a key to naturalising
notions of theory-ladenness based on recent theories of cognitive neuroscience. The
consequences could be rather significant for the realist/antirealist debate in the philoso-
phy of science. If the strong form of theory-ladenness was correct, it would lead to
something like strong constructivism or antirealism. If a strong form of theory-
ladenness had prevailed, then observation or experimentation wouldn’t have been
able to confirm, corroborate, or falsify theories, because there were no such things as
theory-independent observations. Scientific theories would have been dislodged from
nature, and scientific realism would have been in dire straits. However, scientific evi-
dence from recent cognitive psychology only supports the assumption of a modest
form of theory-ladenness, given that theory-ladenness prevails only under mounting
uncertainty. Because only under ambiguous and uncertain circumstances strong
forms of cognitive penetrability arise, science is not completely dislodged from the
objective world and there could be relatively independent experiments/observations
to establish the objectivity of theories. For, cases of high ambiguity are not ubiquitous.
Thus, although strong theory-ladenness can raise its head occasionally, it can be granted
that most of the time theory-ladenness is constrained. This understanding of the rela-
tionship between theories and reality does not lead to antirealism. Nor does it endorse a
full-blooming version of scientific realism (given that theory-ladenness could never be
completely uprooted). This leaves room only for a moderate form of cognitive realism.
The form of realism that is at issue here is ‘cognitive’ in the sense that it draws on what
science reveals about the cognitive relation of theories (which are constructed by
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organisms) and the world to establish its epistemic and semantic components. Below, I
shall continue this discussion by showing how our scientifically informed enterprise fits
in with a naturalistic reading of parts of Kuhn’s views on scientific activity.

As I have remarked previously in this paper, Bird’s attempt at drawing a connection
between PDP and Kuhn’s ideas has been based on his (1962: 62–3) reliance on psych-
ology in support of his views on theory-ladenness and incommensurability. This reli-
ance on experimental research provides enough grounds for construing Kuhn’s ideas
along the lines of naturalism. As I have remarked before, naturalism may lead to a mod-
erate form of realism. While there does not exist an incontrovertible account of the rela-
tionship between scientific realism and naturalism, there have been naturalists such as
Quine (1960 [2015], 1995) who advocated sophisticated and at the same time robust
forms of scientific realism. This does not demonstrate that Kuhn was a scientific realist
too, but they might indicate that Kuhn’s ideas are not totally incompatible with a gentle
form of scientific realism, given that scientific research is accredited enough by him to
be conjured in support of his account of theory-ladenness and incommensurability.

I have already mentioned Bird’s construal of Kuhn’s naturalism, but I have to also
draw attention to another creditable restatement of Kuhn’s works in terms of PDP
and connectionism. This other interpretation is more overtly in line with cognitive real-
ism. Although not being discussed by Bird, Churchland (1989) had paraphrased some
of Kuhn’s ideas in terms of connectionist models of cognition. Churchland’s goal was to
replace the stale propositional conception of theories – which specifies theories as
language-like entities – with a picture that is informed by breakthroughs in AI and con-
nectionism. Theories are characterised in terms of configurations of activation spaces in
artificial neural networks (this move was a part of Churchland’s contribution to the
cognitive models of science approach, which was also advocated by others (Giere
1992; Nersessian 1999; Thagard and Findlay 2012)). Churchland regards Kuhn’s enter-
prise congenial to his own project, remarking that Kuhn too endeavours to dispense
with the propositional conception of theories in favour of a paradigm-based picture,
where paradigms are sets of mathematical, conceptual, or instrumental resources, rather
than language-like reports. In this context, Churchland argues that Kuhn’s notion of
indoctrination into a paradigm can be modelled by neural networks, when the networks
are trained to represent “a weight configuration that produces some well-structured
similarity space whose central hyper-volume locates the prototypical application(s)”
(Churchland 1989: 95). In this vein, Churchland provides a viable cognitive represen-
tation of some of the central Kuhnian themes such as paradigms, the resistance to a
paradigm change, and incommensurability in terms of changes in various values of
connection weights at the hidden level of neural networks. And thus, in a work that
anticipates Bird’s interpretation of Kuhn’s naturalism, Churchland explains how
Kuhnian notions such as incommensurability could be explicated in terms of perceptual
pattern recognition in neural networks.

Both Churchland’s and Bird’s interpretations seek to update Thomas Kuhn’s
account by drawing on the scientific literature on neural networks and PDP.
Previously in this paper, I have argued that FEP amounts to an advanced form of top-
down processing in hierarchically organized PDP. I also referred to Orlandi’s work to
argue that predictive processing under FEP is in line with insights from Gestalt psych-
ology as well as connectionism. To be more precise, although FEP retains some of the
basic insights into distributed structural representations of connectionist types (Friston
and Stephan 2007: 420), it makes a great improvement on traditional connectionism in
the following sense. Instead of presenting “a story about how an internal reconstruction
of the external world is constructed in the brain” (as a traditional connectionist account
would do), FEP underlies an ontology of “the set of semantic structures (a large part of
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which are learned through experience from immersion in specific contexts) that a living
creature uses, implicitly or explicitly, to parse and order the flow of its sensory states”
(Ramstead et al. 2020: 18). This makes FEP an ideal framework for garnering some evi-
dence that could help us to adjudicate the possibility and scope of theory-ladenness.
Our enterprise to use FEP to address the issue of theory-ladenness is not wide of the
mark, when compared against Kuhn’s own scientifically informed account of theory-
ladenness. Perhaps it is also worth mentioning that FEP has been adopted into a cog-
nitive account of scientific representation recently. I shall unpack this last remark
immediately.

Parts of Churchland’s insights have been recently adopted into a form of the cogni-
tive realist theory of scientific representation (Beni 2019a), which aims to account for
scientific representation in terms of the (individual or collective) cognitive engagement
of scientists with their environment, where the cognitive engagement is characterised in
terms of minimisation of prediction error under FEP. It is worth mentioning that aside
from the reliance on Churchland’s work, a project that I have developed a while ago,
namely cognitive structural realism (CSR),5 is also heavily influenced by Giere’s
(1988, 1992, 1994) pioneering work on cognitive models of science (for discussion
see Beni 2019a: 27–8; 41–2; 101–2 among other places). Giere takes a cognitive – rather
than an exclusively formal or methodological – approach to the nature of scientific the-
ories, assuming that “the cognitive sciences have reached a sufficient state of maturity
that they can now provide a valuable resource for philosophy of science” (Giere 1992:
XV). This cognitive take on scientific rationality is in line with Kuhn’s rich and sophis-
ticated account of science. For, cognitive models of science – which are grounded in
cognitive capacities of actual agents – can register and represent historical, social,
and political aspects of science, and as such, they do not need to be understood in
terms of purely logical-methodological tools (also see Giere 2013). This means that
the cognitive model approach could as well capture a part of the subtle historical-social
tendency of Kuhn’s approach. Indeed, Giere develops his proposed meta-theoretical
cognitive framework with the explicit aim of bridging the gap between the logical
empiricist understanding of theories and Kuhn’s historical approach to science (Giere
1992: XV; Beni 2019a: 28).6

Be that as it may, cognitive realism, as being developed in the wake of Giere’s and
Churchland’s pioneering works, indicates that scientific theories are embodied in the
brain of actual scientists (who form scientific communities), and scientific representa-
tions get realized through active inferences and dynamic free energy minimisation rela-
tion between cognitive agents and their environment. By minimising their prediction
errors scientists endeavour to enhance the precision of their representations of the cau-
sal structure of the world. Because scientists are organisms, their collaborative enterprise
to construct scientific representations could be basically explicated in terms of their
organic-natural capacity to minimise the discrepancy between their (shared) generative
models and the causal structure of the world.

Let us recap. By minimising their free energy or prediction errors, organisms succeed
in enhancing the precision of their representations of the structure of the world. Some
organisms are even capable of forming reliable estimation of the precision of their
representations of the world based on the temporal depth of the generative models

5Aside from approaches that are discussed here, as its name indicates, the version of cognitive realism
that I have developed before is also related to the structural realist programme in the contemporary phil-
osophy of science, but we do not need to discuss that point in the present paper.

6Another interesting connection between Giere and Kuhn’s work is that Giere construes works of at least
the later stage of Kuhn’s (2000) work along the lines of perspectival realism (see Giere 2013).
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that are in use in their free energy minimization mechanisms (Beni 2019a: Ch. 7). My
aforementioned account of scientific representations (in CSR) is as modest as its natur-
alist tendency is radical. It is dubbed cognitive realism mainly because it draws on the-
oretical achievements in cognitive sciences to establish the viability of its defence of the
epistemic and semantic components of the realist thesis (instead of orthodox arguments
such as the no miracles argument). The present paper does not aim to substantiate the
plausibility of this recent form of cognitive realism (see Beni 2017, 2019c, 2020 for elab-
oration and defence). It simply aims to show that the moderate interpretation of theory-
ladenness (along the lines of cognitive penetrability under FEP) is not only compatible
with a naturalist reading of Kuhn’s ideas but also with a moderate form of cognitive
realism (which might as well be compatible with a naturalized version of Kuhn’s
ideas in its own right). This remark puts our engagement with the issues of theory-
ladenness and cognitive penetrability in the context of the realist-antirealist debate in
the philosophy of science.

7. Conclusion

The paper engaged with the issue of theory-ladenness within the philosophy of science.
Drawing on the works of Bird, Churchland, Fodor, Giere, Kitcher, and Thomas Kuhn,
amongst others, the paper argued that it is commendable to build upon theoretical and
experimental psychology to get a well-informed perspective on theory-ladenness.
Although it has been taken for granted that observation/experimentation is theory-
laden, the scope of theory-ladenness has not been clearly drawn before. The paper
approaches the issue of theory-ladenness by equating it with the cognitive penetrability
of perceptual inferences before drawing on the theoretical resources of the minimisation
of free energy (FEP) to provide a viable account of the scope of theory-ladenness.
Grounds from cognitive neuroscience indicate that theory-ladenness (operationalised
in terms of cognitive penetrability) is not normally strong, and strong theory-ladenness
prevails only under exceedingly uncertain circumstances. Then the paper proceeded to
unfold the ramifications of the point for the realist vs. antirealist debate. I argued that
the weak form of cognitive penetrability/theory-ladenness (which receives support from
scientific evidence) is compatible with modest forms of cognitive realism (that have
been pioneered by Giere and restored in the cognitive structural realism project) rather
than with strong versions of either realism or antirealism. I also argued that the scien-
tifically informed view of theory-ladenness, as well as the account of its affinity with
cognitive realism, is in line with a naturalist reading of Kuhn’s perspective on science.7
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