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Editorial on the Research Topic

Higher-Order Conditioning: Beyond Classical Conditioning

INTRODUCTION

Pavlovian conditioning is the means by which animals learn about cues that signal biologically
significant events, such as the presence of food or danger. In the laboratory, it is studied in a range
of species, including fish, crabs, snails, birds, rodents, primates, and human subjects. Studies of
so-called “higher-order” Pavlovian conditioning have provided specific insights to how animals
learn about cues that signal innocuous events, how different types of associations are linked in a
memory network, and how memories are retrieved from a network to guide behavior. Such studies
are rapidly gaining popularity in the field of behavioral neuroscience. They have the potential to
accelerate our understanding of how learning and memory is organized in the brain, and thereby,
disturbances of learning and memory that underlie various brain pathologies.

This Research Topic consists in a series of empirical and theoretical papers that analyze the
two types of higher-order conditioning: sensory preconditioning and second-order conditioning.
These papers specifically address what is learned in sensory preconditioning and second-order
conditioning, and how this learning is expressed in behavior; the pharmacological and neural
processes that regulate the two types of conditioning; and points of contact between studies of
higher-order conditioning in animal and human subjects.

The first set of papers addresses what is learned during sensory preconditioning and second-
order conditioning; and how this learning is retrieved/expressed in behavior. Prével and Krebs
review findings that the level of responding to a sensory preconditioned or second-order
conditioned stimulus can be independent of the level of conditioning to its first-order conditioned
stimulus-associate; and consider implications of this independence for classic and contemporary
theories of learning and memory. Gostolupce et al. review factors that influence sensory
preconditioning and second-order conditioning; what is learned in different types of sensory
preconditioning and second-order conditioning protocols, and how an appreciation of these
differences might help to identify the functions of specific brain regions. Honey and Dwyer provide
a formal analysis of higher-order conditioning according to their model, HeiDI (How excitation
and inhibition determine ideo-motion), which attributes sensory preconditioned and second-order
conditioned responding to complex (but principled) chains of associations that form in training;
that is, they explicitly address how the two forms of higher-order conditioning are expressed in
behavior. Finally, Muñiz-Diez et al. show that, when second-order conditioning is established
using a feature negative discrimination across multiple training sessions, the second-order stimulus
initially elicits responding, gradually ceases to elicit responding and eventually passes a retardation
test for the presence of inhibition.
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The second set of papers examines/reviews the
pharmacological underpinnings of sensory preconditioning
and second-order conditioning. It shows that associative
formation between affectively neutral stimuli in sensory
preconditioning is enhanced by a systemic injection of an
opioid receptor antagonist (Michalscheck et al.); impaired by
a systemic injection of a dopamine receptor antagonist (D1 or
D2; Roughley et al.); and also impaired by a systemic or intra-
hippocampal injection of a cannabinoid receptor antagonist
(CB1; Ioannidou et al.). It also shows that midbrain dopamine
regulates appetitive second-order conditioning in the same way
that it regulates associative formation in sensory preconditioning
(Seitz et al.); and opioid receptor-dependent signaling regulates
aversive second-order conditioning in the same way that it
regulates associative formation in sensory preconditioning
(Michalscheck et al.). Taken together, these studies imply that:
(1) despite their co-evolution, endocannabinoid and opioid
receptors influence sensory preconditioning in different ways;
(2) despite their differences, sensory preconditioning and
second-order conditioning share the same pharmacological
underpinnings in the brain; (3) given the links between error-
correction and midbrain dopamine in appetitive protocols,
error-correction drives the learning that occurs in appetitive
second-order conditioning; and (4) given the links between
error-correction and opioid receptor-signaling in aversive
protocols, error correction drives the learning that occurs in
aversive second-order conditioning.

Fournier et al. extend this analysis by reviewing the brain
regions that are engaged during sensory preconditioning
and/or second-order conditioning. These regions include
the hippocampus (Busquets-Garcia et al., 2018), amygdala
(Parkes and Westbrook, 2011), orbitofrontal, perirhinal, and
retrosplenial cortices (Robinson et al., 2014; Holmes et al., 2018;
Sadacca et al., 2018). Fournier et al. focus on the retrosplenial
cortex which is shown to encode sensory preconditioned
associations in the absence of reinforcement. On the basis
of these demonstrations, they argue that future work should
examine how the retrosplenial cortex interacts with other
regions during sensory preconditioning as this will shed light
on how this brain region encodes and stores very basic types
of information. More generally, it will be important to assess
how the aforementioned brain regions interact with each other
during both forms of higher-order conditioning as this will lay
a foundation for discovering how the brain encodes and stores
different types of information.

The remaining papers in our Research Topic include studies
of higher-order conditioning in people. While higher-order
conditioning has been demonstrated many times in animal
subjects (Gewirtz and Davis, 2000), there are relatively few
demonstrations in humans; so much so that it has been
described as experimentally elusive in these subjects. In this
respect, Lee recognizes difficulties in performing second-
order conditioning experiments in humans and identifies
critical parameters for establishing reliable effects in these
subjects. Dhamija et al. provide a novel demonstration of

second-order conditioning in humans using electrophysiological
responses as a measure of performance; and some evidence
that first- and higher-order conditioning might be supported
by different neural substrates. Bouchekioua et al. review
evidence that has been taken to indicate the use of reasoning-
like processes when navigating in a new environment; and
show that goal-directed navigation can be explained as
the result of higher-order associative learning rather than
by appeal to reason or inference. Finally, Wang et al.
examine the episodic-like basis of sensory preconditioning
in human subjects; and suggest that distinct memories
might be manipulated to achieve better outcomes in the
treatment of various pathologies [e.g., post-traumatic stress
disorders (PTSD)].

CONCLUDING REMARKS

Second-order conditioning and sensory preconditioning were
first-described many decades ago: the former by Pavlov (1927)
and the latter by Brogden (1939). It is now recognized that
the study of higher-order conditioning has the potential to
answer fundamental questions about how the brain processes
and integrates different types of information; and that the
answers to these questions will advance our understanding of
how the brain works under normal and pathological conditions.
However, two major gaps must be addressed before such
understanding can be attained. First, it will be important
for higher-order conditioning to be reliably established in
laboratory studies with human subjects, as this will expand
analysis of the ways in which environmental stimuli influence
decision making and contribute to psychopathology. Second,
we must improve the dialogue between researchers that study
higher-order conditioning in animals and clinicians that treat
psychopathology (including PTSD, addictions and anxiety
disorders) to ensure that gains in knowledge from basic
science research are useful and applied in the development of
therapeutic strategies.

All of this is to say that, while our understanding of the
behavioral, pharmacological and neural substrates of higher-
order conditioning has advanced over the past few decades, much
work remains to be done. Our Research Topic identifies lines
of inquiry that could and should be pursued; and, ultimately,
how theories of higher-order conditioning might be grounded
in the brain and used to inform the management/treatment
of psychopathology.
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