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A B S T R A C T

Studying social modulation of cognitive processes holds much promise for illuminating how, where, when and
why social factors influence how we perceive and act in the world, as well as providing insight into the un-
derlying cognitive mechanisms. This is no small objective; it reflects an ambitious programme of research. At
present, based on the modal theoretical and methodological approach, we suggest that several challenges exist to
achieving such lofty aims. These challenges span an overreliance on a simplistic dichotomy between “top-down”
and “bottom-up” modulation, a lack of specificity about mechanisms that renders clear interpretations difficult,
and theories that largely test against null hypotheses. We suggest that these challenges present several oppor-
tunities for new research and we encourage the field to abandon simplistic dichotomies and connect much more
with existing research programmes such as semantics, memory and attention, which have all built diverse re-
search platforms over many decades and that can help shape how social modulation is conceptualised and
studied from a cognitive and brain perspective. We also outline ways that stronger theoretical positions can be
taken, which avoid comparing to null hypotheses, and endorse methodological reform through fully embracing
proposals from the open science movement and “credibility revolution”. We feel that by taking these oppor-
tunities, the field will have a better chance of reaching its potential to build a cumulative science of social
modulation that can inform understanding of basic cognitive and brain systems, as well as real-life social in-
teractions and the varied abilities observed across the Autism Spectrum.

1. Introduction

The idea that what you know influences what you see is not a new
one. Indeed, perceptual input is rarely completely encapsulated from
other pieces of knowledge or information. While perception is driven
“bottom-up” by stimulus features such as object shape, size, and posi-
tion, perceptions are also influenced from “top-down” by our knowl-
edge of the world. A well-known example is the word superiority effect
(Mcclelland & Rumelhart, 1981), showing that knowledge of words
affects perceptions of letters. Our understanding of human perception
cannot be complete, therefore, without appreciating how the broader
mental context – including thoughts, beliefs, desires, and expectations,
amongst many other factors – shapes cognitive processes.

Turning to the present focus, top-down and bottom-up influences
have also been investigated in social domains – situations that involve
interactions between people (for reviews, see Bach & Schenke, 2017;
Otten, Seth, & Pinto, 2017; Zaki, 2013). Social information has been
shown to modulate how we perceive and judge other people, as well as

how we act towards them (Otten et al., 2017). In addition, researchers
have started to study the factors that modulate the links between per-
ception and action; situations where visual and motor processes are
processed in parallel or integrated somehow, such as during imitation
and action observation. Indeed, research has investigated how social
factors such as motives, group membership, context, prior experience
and beliefs can have a top-down influence on the links between per-
ception and action (for reviews, see Arnold & Winkielman, 2019; Bach
& Schenke, 2017; Campbell & Cunnington, 2017; Chartrand & Lakin,
2013; Heyes, 2011; van Baaren, Janssen, Chartrand, & Dijksterhuis,
2009; Wang & Hamilton, 2012). For example, imitative tendencies have
been shown to be influenced by group membership (Gleibs, Wilson,
Reddy, & Catmur, 2016; Rauchbauer, Majdandžić, Stieger, & Lamm,
2016), beliefs about animacy (Klapper, Ramsey, Wigboldus, & Cross,
2014; Liepelt & Brass, 2010), as well as pro-social primes and gestures
(Cook & Bird, 2011; Cracco, Genschow, Radkova, & Brass, 2018;
Leighton, Bird, Orsini, & Heyes, 2010; Wang & Hamilton, 2013). To
date, therefore, a diverse set of top-down factors have been associated
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with social modulation and they have been studied across a number of
perception and action processes.

As the examples above demonstrate, social modulation has come to
encompass a wide range of influences. Indeed, as we unpack in the next
sections, the term has a rather diffuse meaning at present, which is
likely to hamper progress. Nonetheless, even with a loosely-defined
term, contributions have been made to understanding perception-action
links via the investigation of top-down modulation. One piece of added
value, for example, is support for the idea that social cognition, as well
as cognition more generally, cannot be understood by only studying
component processes in isolation (Churchland, 2013). The complexity
of social life and related cognition is reliant upon the interaction of
many different mental processes (Adolphs, 2010; Frith & Frith, 2012),
which requires the study of how signals are integrated within and be-
tween processors (Bullmore & Sporns, 2009; Park & Friston, 2013).
Therefore, aiming to understand the relationship between social factors
and links between perception and action has an intuitive appeal that
goes beyond the narrow study of the specifics in question, and gen-
eralises to understanding basic processes of human cognition and brain
function.

On this analysis, it seems logical and reasonable that social top-
down modulation research has garnered broad appeal from researchers
in many different aspects of psychology and neuroscience (e.g., Bach &
Schenke, 2017; Otten et al., 2017; Wang & Hamilton, 2012; Zaki,
2013), as well as those in clinical and health disciplines who study
atypical social information processing, such as Autism Spectrum Con-
ditions (e.g., Cook, Barbalat, & Blakemore, 2012). Although we feel the
current approach has potential to be relevant and important across
multiple disciplines, the research programme is in the early stages of
development and like any new direction of research it is having tee-
thing problems. Indeed, we would argue that it is still finding its feet in
terms of understanding its aims and tying those to relevant and rigorous
theoretical positions and methodological approaches.

In light of this present context, therefore, in the current paper we
aim to present challenges and opportunities for social top-down mod-
ulation research that study perception-action links (see Table 1). Al-
though our present focus is on understanding links between perception
and action, the set of challenges and opportunities we present are ap-
plicable to top-down modulation research in psychology more gen-
erally. As such, the general arguments that we present apply equally to
studies of social perception and behaviour. We suggest that the most
common approaches suffer from several theoretical and methodological
limitations, which make it unclear what claims, exactly, are being
supported by the evidence provided. These range from ambiguity over
what social top-down modulation is and is not, a lack of specificity in
the claims being made and a predominance of theoretical positions
based on null-hypothesis testing. We outline how and why these present
non-trivial challenges to firmer progress. We then put forward several
opportunities for future research that we feel will help to overcome
these limitations and push the research programme further in the fu-
ture.

2. Challenges

2.1. Social top-down modulation needs a clearer definition

We find the “social” and the “top-down” part of this terminology a
hindrance to the development of the research programme. In the “so-
cial” domain, “top-down” currently appears to encompass a broad
swathe of factors that could modulate behaviour in many different ways
and be supported by many different cognitive and neurobiological
mechanisms. Rather than representing a minor quibble over the spe-
cifics of a definition, we see the current dichotomic foundational
structure as a major challenge to progress for several reasons.

First, at a basic level, it is not entirely clear what counts as top-
down. Is it all non-stimulus-driven effects? If so, what constitutes Ta
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“stimulus-driven” needs defining, and clear boundaries between the
two types of modulation need setting. However, our view is that a neat
division between top-down and bottom-up is likely to be overly sim-
plistic and unrealistic. Real-life encounters frequently comprise a
combination of factors, and while some would typically be “top-down”
and others “bottom-up”, often it might be impossible to tell. You are
waiting for a train and you see a work colleague. What happens next
percolates from a complex brew of tonic top-down goals (e.g., get along
with colleagues; advance within the workplace; self-promote; avoid
conflict) and bottom-up stimulus activation (e.g., who exactly is this
colleague?; what interactions have you had with them recently?; what
emotional states, if any, does this colleague trigger?). If you were then
polite but non-committal to this colleague, would that be a top-down or
bottom-up effect?

To answer this question, one could imagine holding the task context
constant (waiting for the train), and varying the stimulus factor (the
colleague). But this cannot be a complete solution, as in real-world
cases, stimulus-driven activity and rich associations between stimuli
can lead to implicit task goals; that is, a “top-down” task set could be
activated through “bottom-up” stimulus processing. For example, the
associations activated from one colleague might in turn activate an
implicit goal to approach; sight of a different colleague might lead to
the activation of an avoidance goal. Therefore, a framework for
studying integration and combination of factors is required. This is not
to suggest that manipulating one factor and holding others constant is
not an eminently sensible approach to scientific experimentation.
Rather, it is to suggest that only attempting to understand processes by
studying them in isolation is fundamentally limited. Instead, processes
must be studied in isolation and in combination to more completely
understand how they operate, as well as approximate their function in
real life. In other words, we should estimate the degree of cognition that
results from interaction between systems, such as between processors in
the ventral visual stream and the theory of mind network (e.g., Ramsey,
2018a), as well as the degree that results from largely localised pro-
cessing within each of these systems (e.g., Kanwisher, 2010).

Second, the same term or variants of “social modulation” are used to
cover so many different social factors, which span motives, beliefs,
group features and social context (e.g., competitive vs. cooperative),
that we question its practical value. Indeed, if we stopped using this
umbrella term completely, would we lose anything at all? Under the
assumption that social signals of all kinds could modulate behaviour,
could researchers, for example, just use a more descriptive term to
describe the specific social factor of interest, such as a level of perceived
attractiveness, group features or the aspect of the environmental con-
text that has been manipulated? In fact, rather than losing anything, we
may actually gain some precision by doing so. That is because, until we
know otherwise, it is reasonable to suppose that different social factors
may exert influence on perception and action by different mechanisms.
For example, the influence of attractiveness on approach and avoidance
behaviours (Kramer et al., 2020) might arise through very different
mechanisms than the influence of pro- and anti-social interactions on
imitation (Wang & Hamilton, 2012, 2013).

For these reasons, like others in more general forms of psychology
(Awh, Belopolsky, & Theeuwes, 2012), we suggest that researchers
should consider using more specific frameworks to guide the study of
social modulations and biases (see Opportunity 1 below).

2.2. Specificity needs demonstrating

A higher degree of specificity is required when making claims re-
garding top-down control in relation to the evidence. One pervasive
issue concerns stimulus versus mechanism specificity (Adolphs, 2009).
Is modulation specific to a social stimulus or does it reflect a more
general process? This question does not raise doubt over the social
stimulus being social. A face, a group of friends, or a dislike for
someone who enters the room, is usually unambiguously person-related

and social. Instead, it raises the possibility that the underlying me-
chanism that biases behaviour is squarely, or at least predominantly,
domain-general and operates across all contexts to some extent in-
cluding social settings. If we found that a social stimulus influenced
perception-action links, that does not imply that domain-specific social
cognition had any effect (Ramsey and Ward, 2020). An experiment
which uses only social stimuli to show social modulation is susceptible
to this argument. For example, visual stimuli of fingers being raised
produce congruency effects on finger-raising responses (Brass,
Bekkering, Wohlschlager, & Prinz, 2000), but this does not necessarily
imply a social process of imitation has been demonstrated (Ramsey,
2018b; Ramsey and Ward, 2020). It implies that at some level, the
stimulus code given to irrelevant finger stimuli overlaps with the sti-
mulus code given to the imperative number stimulus (e.g., Hommel,
2009).

As further examples, work from our own lab could be viewed dif-
ferently if a stronger non-social position was taken (Klapper et al.,
2014). Although the work by Klapper et al. (2014) demonstrates clearly
that stimulus and belief cues to human animacy interact to influence
behaviour in a social context, it remains unclear if such interactions are
mediated through largely specialised and domain-specific mechanisms
or something more general. In fact, without any specific evidence to the
contrary, we now would seek to explain this effect as domain-general
mechanisms of cognitive control operating over domain-specific social
representations (Ramsey and Ward, 2020). Likewise, priming a social
construct, such as helping or harming others, can affect stimulus-re-
sponse compatibility measures that are purportedly associated with
imitative tendencies (Wang & Hamilton, 2013). The default inter-
pretation of such findings focusses on the operation of systems dedi-
cated to social information processing, rather than more general sys-
tems (Wang & Hamilton, 2013). Interest in highly “social” explanations,
such as affiliative goal activation (Chartrand & Bargh, 1999), motiva-
tion to create moral communities (Boehm, 2000), and active-self
models, in which pro-sociality is assimilated into the sense of self
(Wang & Hamilton, 2013) are understandable. These kinds of ex-
planations tap into important ideas of the moral structure and even the
evolved basis of humanity.

However, given that powerful workhorses of cognition such as
alerting, filtering, orienting and prioritisation are, by definition, do-
main-general and operating across social and non-social contexts
(Corbetta, Patel, & Shulman, 2008; Duncan, 2010; Petersen & Posner,
2012; Ptak, 2012), we feel the first hurdle to address is to what extent
social modulation effects can be understood in terms of domain-general
mechanisms. For example, to what extent might different kinds of
prosocial priming produce an attentional bias towards human stimuli?
In other words, general processes of control that operate through ven-
tral and dorsolateral frontoparietal cortex could play a much bigger role
in modulating links between perception and action than has been given
credit so far (Campbell & Cunnington, 2017; Ramsey and Ward, 2020).
That is, when thinking about findings from social modulation studies,
before considering how wide and significant are the potential im-
plications, first consider how well-studied mechanisms such as atten-
tional bias and shared perception-action codes might explain the find-
ings.

The combined result of this lack of specificity is that the purpose
and type of research being undertaken is unclear. For instance, it is
unclear if research is attempting to model systems and processes to
address basic understanding, or estimate effects that have practical
meaning in real-life, or a combination of both aims. Both aims seem
possible, but researchers should be clear on the scope of the work. Being
clear on these issues matters because it directly impacts the type of
interpretations that can be made on the data and how one may evaluate
whether the method is appropriate for the purpose. For instance, if one
is trying to draw conclusions about cognitive processes, and we know
only that a social factor has influenced perception and/or action in
some way and through some unknown mechanism, then the lack of
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mechanism-specificity blurs the interpretation of the effects. As a con-
sequence, a higher bar needs to be set for what type of evidence de-
monstrates a specific claim.

Top-down modulation research is not alone in having clear limits on
specificity either; concerns regarding the specificity of claims being
made have recently been levelled at a much more established research
programme that is concerned with recognising emotions from facial
movements (Barrett, Adolphs, Marsella, Martinez, & Pollak, 2019). For
example, contrary to the common view in science and society, facial
configurations and expressions of emotion are not uniquely linked. That
is, people do not always feel unhappy when they frown or happy when
they smile. Consequently, the observation of a smile alone is not di-
agnostic of a particular emotional state. Instead, the evidence to date
suggests that there is a much coarser mapping between facial move-
ments and emotional states, which varies substantially across people
and contexts. One implication of this work is that before firm conclu-
sions can be made about specific relationships, a higher standard of
evidence is required. Another implication is that a lack of specificity is a
much more general problem for cognitive psychology and it may re-
quire more general solutions (see Opportunity 2 below).

2.3. Theoretical and methodological reform is required

Much like psychology research in general (Meehl, 1967; Rouder,
Morey, Verhagen, Province, & Wagenmakers, 2016), alternative hy-
potheses appear to default to a null hypothesis – i.e., no top-down
modulation. This seems like a straw man hypothesis, given what we
know about “lower-level” processes, such as vision, which are not
completely encapsulated from the influence of other systems. For in-
stance, neuroscience research has shown that aspects of the visual
system, which process elemental visual properties, such as colour, form
and motion, are influenced by systems that extend beyond the visual
system (Gilbert & Li, 2013). If basic components of vision are not
completely encapsulated from the operation of other systems, it seems
highly unlikely that more complex processing units would be. Although
the nature of information encapsulation continues to drive lively debate
from a cognitive standpoint (see Firestone & Scholl, 2016 plus the as-
sociated peer commentary), we find a strong version of Fodor's module
definition untenable because it relies, in part, on complete information
encapsulation, amongst other things1 (Fodor, 1983). Instead, we favour
a weaker form of modularity that does not require complete informa-
tion encapsulation (Carruthers, 2006; Ogilvie & Carruthers, 2016).
Under such a view, information processing systems are relatively spe-
cialised for particular processes, such as vision, while also being mod-
ifiable by other systems (Ogilvie & Carruthers, 2016). What remains,
therefore, are questions regarding the extent to which processes (social
or otherwise, top-down or otherwise) modulate perception-action links,
in what situations and by how much?

Such questions make considerations of the “crud” factor particularly
relevant. The notion of the “crud” factor was developed in personality
research and suggests that to some (possibly small) degree everything is
related to everything, and therefore we should be especially cautious
when interpreting small non-zero relationships (Meehl, 1990; Orben &
Lakens, 2020). Considered in the context of the present focus, given the
possibly infinite set of inter-relationships between social variables and
cognitive processes, there is a huge space for small but non-zero re-
lationships to emerge, which prevent a single straightforward inter-
pretation. Indeed, the results could emerge from a multivariate set of
complex and interrelated causal pathways, which were not considered
by researchers (Orben & Lakens, 2020). Here, therefore, crud factor

effects are distinguished from effects that reflect sampling error or
noise, which would not be replicable. Instead, crud factor effects are
real in the sense that they are replicable, they are just not interpretable
because they reflect complex, multivariate and non-theorised relation-
ships (Meehl, 1990; Orben & Lakens, 2020). On this view, we should
not be surprised that manipulating social variables could influence links
between perception and action in some way; in fact, we should expect
it. As a consequence, therefore, it seems important to go beyond a
comparison to the null hypothesis and be explicit and clear regarding
what alternatives are being considered (Rouder et al., 2016). Failure to
do so will produce a situation that mirrors many other fields of re-
search: given sufficient power and sensitivity, there is likely to be a non-
zero relationship, but why does it matter? How big is it? Are there
credible alternative theoretical positions? If not, the value of the work
remains ambiguous.

A further limiting factor on the potential value of the work relates to
methodological reform. Before debates run on for decades regarding
social top-down modulation, the methodological and empirical bar
should be adjusted and raised before strong claims can be made about
specificity or any other aspect of social modulation. As pointed out in
many domains of psychology, reproducibility levels are low (Open
Science Collaboration, 2015), which presents a substantial roadblock to
the development of a cumulative science, and we see no reason why
top-down modulation research would be any different. In fact, a recent
meta-analysis has shown that the influence of social factors on one
purported measure of imitation is null or negligible (Cracco et al.,
2018). In addition, other studies using much larger sample sizes than
the original studies have failed to replicate effects of pro-social primes
on imitation (Newey, Koldewyn, & Ramsey, 2019), as well as effects of
emotional expressions and aspects of personality such as narcissism on
imitation (Butler, Ward, & Ramsey, 2015; Darda, Butler, & Ramsey,
2020). Moreover, top-down effects are likely to be small to moderate in
size, much like effects generally in psychology, which presents a sub-
stantial challenge to performing powerful research, but also an oppor-
tunity to change study designs and how one may interpret small effect
sizes (see Opportunity 3).

As a counter-point, however, it should be noted that a small but
increasing number of studies have used more robust methods (e.g.,
larger sample sizes, multiple experiments, pre-registration) and show
evidence for social modulation (e.g., Cracco et al., 2018; Genschow,
Schuler, Cracco, Brass, & Wänke, 2019). Such studies are an encoura-
ging sign for the field, although they stop short of providing evidence
that the effects rely on a social or specialised mechanism. As such, it is
worth stressing that estimating the presence of non-zero effects in a
robust manner does not license an inference about the underlying
system controlling such effects. In summary, the need to address
methodological reform is clear from these examples and features as one
of the main drivers of this special issue.

3. Opportunities

3.1. Move on from “social”, “top-down”, and “bottom-up” terminology and
place firmer constraints on generality

Researchers may consider avoiding and replacing terms like “top-
down” and “bottom-up” (Awh et al., 2012), as they are unnecessary and
uninformative under alternative frameworks (see below). Indeed, a host
of cues continually fight to dominate attention with many different and
varied features providing bias. And we also have a long history of prior
experience to add to this picture, which shapes basic perceptual pro-
cesses. The upshot is that a simple top-down versus bottom-up di-
chotomy may not be that useful because it is based on an over-simpli-
fication, one that mirrors suggestions in other domains of cognitive
science regarding the division between automatic and controlled pro-
cesses (Melnikoff & Bargh, 2018). Instead, nearly every situation is a
combination of bias from a range of different sources. How they mesh

1 Fodor's (1983) definition of a module included fulfilling a range of prop-
erties, such as: domain-specificity; information encapsulation; obligatory firing;
fast processing; shallow outputs; limited accessibility; innate; fixed neural ar-
chitecture.
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and compete is interesting, but we do not see how vague terms such as
top-down and bottom-up remain useful.

It seems simpler to state the specific form of bias – facial attrac-
tiveness, level of hunger, motivation to get fitter, addiction to smoking,
rather than catch-all terms like top-down and bottom-up. Without clear
and specific operational definitions, the terms quickly lose their
meaning, especially when there are many different flavours of what
people mean by the terms (Lenartowicz, Kalar, Congdon, & Poldrack,
2010; Poldrack et al., 2011). A move towards more descriptive and
concrete terminology for social factors also addresses our concerns
about the utility of studying “social modulation” in an abstract sense,
when different social factors may potentially influence cognition in
different ways. Such a view also reinforces recent suggestions that
greater progress would be made in psychology if more descriptive re-
search was performed in general (Yarkoni, 2019), and if there was a
greater willingness to consider functional research, which documents
how environmental features influence behaviour, together with re-
search that aims to understand cognitive mechanisms (Hughes, De
Houwer, & Perugini, 2016).

To be clear, we are not arguing that no progress at all can be or has
been made using such terms. Existing frameworks do exist where these
terms and associated concepts are of central importance (Bach &
Schenke, 2017; Bar et al., 2006; Bar, 2009; Friston, 2010; Otten et al.,
2017; Zaki, 2013). On the one hand, therefore, we feel that if one wants
to use these terms then it seems sensible to embed them within these
existing frameworks. On the other hand, however, we offer caution in
doing so. As our line of argumentation has put forward, these frame-
works may serve to demonstrate that many domains of psychology and
brain science may suffer from using fuzzy and overly simplified dis-
tinctions between bottom-up and top-down processes. Indeed, we feel
the distinction between top-down and bottom-up, much like divisions
between automatic versus controlled processes (Melnikof & Bargh,
2018), can be easily used in non-informative ways. Therefore, the use of
such terms may be a limiting factor in those frameworks also.

The predominance of the distinction may hinder progress in other
ways also by unnecessarily shackling the development of alternative
frameworks. Other lines of research could prosper, for example, by
taking a different starting point, which favours a multi-dimensional
approach rather than a strong reliance on specifying a neat division
between top-down and bottom-up processes. Research in psycho-
pathology, for example, has shown that there are benefits from con-
sidering questions through a dimensional rather than categorical lens
(e.g., Conway et al., 2019). Under a more dimensional approach,
therefore, one could expect psychological processes, including social
modulation, to reflect a continual blend of multiple sources of bias that
interact with each other (Zaki, 2013). Finally, it might also be worth
acknowledging that simple distinctions may have more use in some
domains than others. For example, it seems eminently sensible to use an
established framework, such as object perception (Bar, 2009; Bar et al.,
2006), as a template to help guide the study of social perception. While
there appear to be clear benefits of doing so, the scope of such an ap-
proach is also likely to be limited. Indeed, such a framework may be-
come less useful when explaining more complex phenomena, such as
modulatory influences in social interactions. Everyday examples of
social interactions serve to demonstrate that neat divisions may need to
be replaced by a default expectation for complex relationships that
involve integration between multiple systems (Zaki, 2013).

A companion piece to rethinking terminology is to place explicit
constraints on the generality of reported findings (Simons, Shoda, &
Lindsay, 2017). To do so, it is important to be explicit about the pro-
posed limits, scope and range that the reported effects may have. Set-
ting proposed boundary conditions on your findings makes it easier for
others to attempt to generalise the findings or challenge and falsify
them. For example, do you anticipate the reported effect to be restricted
to a specific social context with a particular individual? Or is it a more
general process that applies to the self in any future situation? Would

you expect it to have obvious social consequences in real life or is the
approach more of a demonstration that targets basic systems? Would
you expect the effect to vary considerably across individuals or con-
texts? The process of placing clear and obvious constraints on gen-
erality helps to avoid researchers inadvertently mis-specifying a pro-
posal and spending time needlessly using resources to test it. Placing
explicit constraints on generality would be a valuable addition to clarify
the scope and range of expectations regarding social top-down mod-
ulation.

3.2. Make better use of developments in more established research
programmes

More established research programmes and frameworks should be
harvested much more for insight and guidance. We should not reinvent
the wheel in a social guise. Well-studied and established frameworks
can be particularly informative. For example, non-social top-down
control research in psychology (Awh et al., 2012; Theeuwes, 2004,
2010), neuroscience (Bar, 2003; Bar et al., 2006; Beck & Kastner, 2009),
and neuropsychology (Humphreys, Riddoch, & Price, 1997) would
seem sensible places to start. Elsewhere we have argued that research in
social cognition would benefit from taking as strong a “non-social”
stance as possible (Ramsey and Ward, 2020).

Frameworks that go beyond top-down control can also be in-
formative because social cognition is likely to rely, in part, on many of
the same general processes that operate across all domains. For ex-
ample, proposals from semantics, memory, motor control, and attention
would be valuable in helping to guide expectations and the design of
the research programme. This is especially true if one minimises the
expectation for the role of specialised processes and instead emphasises
more general-purpose mechanisms in social neuroscience (Ramsey and
Ward, 2020; Spunt & Adolphs, 2017).

The semantic cognition literature, for example, supports a division
between representation and control systems in understanding meaning
(Jefferies, 2013; Lambon Ralph, Jefferies, Patterson, & Rogers, 2017).
The representation system is associated with the acquisition and long-
term storage of conceptual knowledge and relies on distributed sensory,
motor and affective systems, plus a supramodal hub in the anterior
temporal lobes. The control system utilises this semantic information in
line with task- and context-specific requirements, thus making sure that
relevant aspects of knowledge are retrieved and used at the appropriate
time and place. The control system spans ventral and dorsolateral
frontoparietal cortex, thus covering cortical territory predominantly
associated with cognitive control and executive functions (Duncan,
2010; Petersen & Posner, 2012). A strength of this semantic cognition
framework, as well as the key division between representation and
control systems, is that they are based on a host of complementary
approaches and levels of description, which span neuropsychology,
computational modelling, neurostimulation, neuroimaging and com-
parative work (Chen, Ralph, & Rogers, 2017; Jefferies, 2013; Lambon
Ralph et al., 2017).

Translating this semantic framework into the social domain would
entail specialised sensory processors for person features (representa-
tion), but general processors for controlling such social representations
(Binney & Ramsey, 2020). Under this view, bias in the system (e.g.,
social modulation) can arise from representational and/or control sys-
tems and it is important to be clear which one you are measuring and
researchers rarely, if ever, do this in cognitive psychology or neu-
roscience studies (including perception and action coupling). As re-
viewed recently (Campbell & Cunnington, 2017), this is particularly
relevant for some perception and action links, which rely heavily on
inferior frontal and parietal cortices, because these brain regions are
implicated in both social processes (e.g., Rizzolatti & Sinigaglia, 2010)
and domain-general attentional processes (e.g., Duncan, 2010). As
such, on a brain network level of description, functional and anatomical
specificity would need demonstrating.
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A further general framework to consider how to conceptualise social
modulation is biased competition (Beck & Kastner, 2009; Desimone &
Duncan, 1995; Duncan, Humphreys, & Ward, 1997). Biased competi-
tion models offer a way to conceptualise how signals from different
processing components may be integrated. Such frameworks char-
acterise the brain as a complex information processor that has many
specialised processors operating in parallel. For example, in the visual
domain, there are dedicated processors for form, motion, colour, as well
as complex feature combinations. Examples outside of the visual do-
main include processors largely dedicated to memory, planning, and a
range of executive functions. Parallel processing systems of this sort
present a computational problem, however, which concerns how sig-
nals are integrated across processors. Indeed, for coherent behaviour,
the activity of different information processors and associated neural
networks must be coordinated so that a single object or event guides
response effectors at any one point in time. Behaviour would become
disorganised and ineffective, for example, if goals, such as meeting a
friend at the train station, could not integrate with other signals such as
remembering which platform and at what time your friend is due to
arrive. Likewise, behaviour would also breakdown if sensory signals,
such as the sounds and visual inputs of trains arriving and departing,
overwhelmed and interfered with other cognitive processes, such as
your current goal to meet your friend.

Biased competition frameworks solve the problem of signal in-
tegration by allowing bias for an object or event in one processor to
propagate through the network until it resolves on a “winning” object
or event. Such competition is meant to operate in ubiquitous fashion
across the entire brain, and therefore would integrate neural activity
within and between the neural networks associated with person re-
presentation and control processes. Within a biased competition fra-
mework, therefore, social modulation can be treated like any other
form of bias, whether it takes a social or non-social form. Indeed, a
given type of bias is not special in any sense, but instead just reflects
another form of bias in the system. This offers the opportunity to in-
tegrate multiple signals – both social and non-social – without the need
to worry about hard-to-define terms and possibly unrealistically strict
divisions between concepts like “top-down” and “bottom-up”.

Turning to another established literature, we consider how learning
and memory systems can add to understanding social modulation.
Given that memories and prior social experiences shape perceptions, it
seems equally valuable to harness insight from memory research
(Amodio, 2019). Amodio (2019) makes clear that social cognition re-
search can benefit in numerous ways from considering the knowledge
obtained about learning and memory systems across decades of re-
search spanning multiple methods, as well as species, culminating in
thousands of studies. For example, learning and memory research in
cognitive neuroscience has identified several forms spanning episodic,
semantic, instrumental and aversive conditioning, as well as habit.
These forms of learning and memory rely on different neural networks
and each one can link to multiple response channels (e.g., planning,
impressions/judgments, affect, action and avoidance). Rather than
largely ignoring this literature, it makes sense to exploit it in relation to
social modulation research as it would appear to make clear, obvious
and relevant predictions regarding different aspects of social cognition.

In terms of demonstrating specificity of the claims being made,
extensive solutions have been put forward by authors in another social
domain (emotion perception from faces) that not only relate to speci-
ficity, but reliability and generalisability also (Barrett et al., 2019). A
detailed description of the specific solutions proposed is beyond the
scope of this article, but it remains clear that such guidance exists and
that the recommendations are broadly applicable. In short, if older and
more established research programmes could benefit from such pro-
posals, it seems reasonable that principles of specificity (in multiple
forms), reliability and generalisability are worth considering in relation
to newer research programmes such as top-down modulation in per-
ception-action coupling.

Many other existing frameworks could also be of considerable value;
here we just present a few illustrative examples of possible ways for-
ward. The more general aim for the programme would be to avoid the
danger of remaining encapsulated from these domains of human cog-
nition and brain research, as they seem relevant on many levels and the
differences may have been exaggerated in the past.

3.3. Improve theoretical reasoning and embrace the credibility revolution

To alter the default position, researchers could seek alternatives to
the null hypothesis. In the case of underlying systems, for example,
researchers could probe the extent to which social modulation reflects
bias between representational systems (e.g., different person re-
presentations biasing each other) or, alternatively, if it reflects a form of
failure in control systems. Control systems allow cognition to maintain
a task-relevant focus. Priming from irrelevant stimuli can therefore
reflect a failure, perhaps a very mild failure, of control systems to
maintain task-relevant activity. As we hope is obvious, social modula-
tion arising from an inability to exert complete task-relevant control
would lead to a different type of interpretation regarding the functional
value of the modulation when compared to modulation arising from
bias in a person representation system such as face, body, affective or
theory of mind representations.

To illustrate how research questions can be moved on in this way,
consider Bach and Tipper (2007), who found that visuomotor com-
patibility effects (e.g., the relative ease of pressing a foot-switch when
responding to an image of a footballer as compared to an office worker)
could influence social attributions. In their case, a stimulus person
would be perceived as more athletic if associated with the footballer-
footswitch stimulus-response pair. A question arising is, does this effect
demonstrate a functional capacity, by which statistical associations in
the environment are used to a maximum degree, or does this reflect
some leakage, or failure of control, in properly insulating task-specific
processing from irrelevant information? Tipper and Bach (2008) later
investigated this further to find that in fact the effect is likely based on a
failure of control, a misattribution of the self's visuomotor fluency to the
actor. Of course, bias could operate in both representational and control
systems as well as between these two systems. Addressing such theo-
retical positions, no matter what the outcome, would inform the type of
mechanism underlying bias and give an insight into the functionally
relevance and value.

Another complementary approach to improving theoretical devel-
opment would be to use tools that aid theory exposition. In order to
clarify theoretical positions and aid cleaner and more efficient com-
parisons between perspectives, researchers could consider using the
newly developed theory mapping tool (Gray, 2017; www.theorymaps.
org). Theory mapping in this way enables researchers to express their
theoretical position in a visual form using a common set of symbols.
Given that the topic in question is complex, such an approach may be
one way to help reduce mis-characterisation of other people's positions
and the subsequent testing of mis-specified alternative theories.

If we change gear and consider the “credibility revolution” that is
taking place in psychology (Vazire, 2018), much has been written about
the issues associated with low reproducibility and the need to embrace
methodological reform (Chambers, 2017; Munafò et al., 2017; Open
Science Collaboration, 2015; Ramsey, 2020; Simmons, Nelson, &
Simonsohn, 2011). To enhance the quality of the evidence provided,
researchers interested in how perception-action links can be biased by
social signals need to raise the bar for what counts as convincing evi-
dence for what top-down modulation is and why it is relevant. There
have been many sensible suggestions put forward for how and why to
embrace open science using more rigorous methods, which we en-
courage social modulation researchers to embrace (Chambers, 2017;
Munafò et al., 2017; Vazire, 2018; Zwaan, Etz, Lucas, & Donnellan,
2017).

Rather than repeat these very sensible prior suggestions, here we
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will focus on one specific issue that we see as particularly important for
social modulation research, but which is likely to apply across the board
in psychological science. Given that the anticipated effects are likely to
be modest, a first basic aim would be to show that an effect is reliable,
in the sense that it replicates with an acceptable degree of precision.
Also, and of particular relevance to social top-down effects, it would
make sense to consider the extent to which such effects have the po-
tential to accumulate over time (Funder & Ozer, 2019). That is, the
measurable effect (bias) produced by social signals (i.e., top-down
modulation) in a one-off instance may be small, but if that is likely to be
experienced 20 times a day, 5 days a week, then real-life effect and
consequence may be different. For example, if you work alongside a
colleague who you find attractive or you work in a cooperative/com-
petitive context, the effects of each social episode may add up to
something more than the one-off exchange. Not only that, such effects
may only be measurable after longer exposure, which brings up ques-
tions about dose-response that also seem relevant. This of course would
need to be demonstrated empirically with either longitudinal work or
work that measures how effects modulate over time with repeat ex-
posures to the same social modulation. It also reinforces the recent
suggestion that basic research in brain science could benefit from en-
gaging with research in real-world settings, so-called real-life neu-
roscience (Redcay & Schilbach, 2019; Shamay-Tsoory & Mendelsohn,
2019).

4. Conclusion

In conclusion, we argue that research aiming to understand how
social factors modulate links between perception and action face sev-
eral challenges that limit progress. To combat these challenges, we
outline opportunities to reform the research programme. Opportunities
include rethinking an overreliance on simplistic and unrealistic di-
chotomies (e.g., “top-down” vs. “bottom-up”), learning from more es-
tablished research programmes, such as semantics, memory and at-
tention, as well as embracing proposals for theoretical and
methodological reform emanating from the “credibility revolution”. We
feel that taking these opportunities seriously will provide a springboard
for the emergence of a cumulative science of social modulation that can
inform understanding of basic cognitive and brain systems, as well as
real-life social interactions and the variety of abilities observed across
the Autism Spectrum.

References

Adolphs, R. (2009). The social brain: neural basis of social knowledge. Annual Review of
Psychology, 60(1), 693–716. https://doi.org/10.1146/annurev.psych.60.110707.
163514.

Adolphs, R. (2010). Conceptual challenges and directions for social neuroscience. 65(6),
752–767. Retrieved from http://linkinghub.elsevier.com/retrieve/pii/
S0896627310001777.

Amodio, D. M. (2019). Social cognition 2.0: an interactive memory systems account.
Trends in Cognitive Sciences, 23(1), 21–33. https://doi.org/10.1016/j.tics.2018.10.
002.

Arnold, A. J., & Winkielman, P. (2019). The mimicry among us: Intra- and inter-personal
mechanisms of spontaneous mimicry. Journal of Nonverbal Behavior. https://doi.org/
10.1007/s10919-019-00324-z.

Awh, E., Belopolsky, A. V., & Theeuwes, J. (2012). Top-down versus bottom-up atten-
tional control: a failed theoretical dichotomy. Trends in Cognitive Sciences, 16(8),
437–443.

Bach, P., & Schenke, K. C. (2017). Predictive social perception: Towards a unifying fra-
mework from action observation to person knowledge. Social and Personality
Psychology Compass, 11(7), Article e12312.

Bach, P., & Tipper, S. P. (2007). Implicit action encoding influences personal-trait judg-
ments. Cognition, 102(2), 151–178. Retrieved from http://www.sciencedirect.com/
science/article/B6T24-4J5T622-1/2/a4f8a745c144ea8f29568ca6b25d2b7d.

Bar, M. (2003). A cortical mechanism for triggering top-down facilitation in visual object
recognition. Journal of Cognitive Neuroscience, 15(4), 600–609. https://doi.org/10.
1162/089892903321662976.

Bar, M. (2009). The proactive brain: Memory for predictions. Philosophical Transactions of
the Royal Society B: Biological Sciences, 364(1521), 1235–1243.

Bar, M., Kassam, K. S., Ghuman, A. S., Boshyan, J., Schmid, A. M., Dale, A. M., & Halgren,
E. (2006). Top-down facilitation of visual recognition. Proceedings of the National

Academy of Sciences of the United States of America, 103(2), 449–454. https://doi.org/
10.1073/pnas.0507062103.

Barrett, L. F., Adolphs, R., Marsella, S., Martinez, A. M., & Pollak, S. D. (2019). Emotional
expressions reconsidered: Challenges to inferring emotion from human facial move-
ments. Psychological Science in the Public Interest, 20(1), 1–68. https://doi.org/10.
1177/1529100619832930.

Beck, D. M., & Kastner, S. (2009). Top-down and bottom-up mechanisms in biasing
competition in the human brain. Vision Research, 49(10), 1154–1165. https://doi.
org/10.1016/j.visres.2008.07.012.

Binney, R. J., & Ramsey, R. (2020). Social semantics: The role of conceptual knowledge
and cognitive control in a neurobiological model of the social brain. Neuroscience &
Biobehavioral Reviews, 12, 28–38. Retrieved from https://psyarxiv.com/36tm5/.

Boehm, C. (2000). Conflict and the evolution of social control. Journal of Consciousness
Studies, 7(1–2), 79–101. Retrieved from<Go to ISI> ://WOS:000090023100014.

Brass, M., Bekkering, H., Wohlschlager, A., & Prinz, W. (2000). Compatibility between
observed and executed finger movements: Comparing symbolic, spatial, and imitative
cues. Brain and Cognition, 44(2), 124–143. Retrieved from http://www.ncbi.nlm.nih.
gov/htbin-post/Entrez/query?db=m&form=6&dopt=r&uid=11041986.

Bullmore, E., & Sporns, O. (2009). Complex brain networks: Graph theoretical analysis of
structural and functional systems. Nature Reviews. Neuroscience, 10(3), 186–198.
https://doi.org/10.1038/nrn2575.

Butler, E. E., Ward, R., & Ramsey, R. (2015). Investigating the relationship between stable
personality characteristics and automatic imitation. PLoS One, (6), 10 doi:ARTN
e012965110.1371/journal.pone.0129651.

Campbell, M. E. J., & Cunnington, R. (2017). More than an imitation game: Top-down
modulation of the human mirror system. Neuroscience and Biobehavioral Reviews, 75,
195–202. https://doi.org/10.1016/j.neubiorev.2017.01.035.

Carruthers, P. (2006). The architecture of the mind. Oxford University Press.
Chambers, C. (2017). The seven deadly sins of psychology: A manifesto for reforming the

culture of scientific practice. NJ, US: Princeton University Press.
Chartrand, T. L., & Bargh, J. A. (1999). The chameleon effect: The perception-behavior

link and social interaction. Journal of Personality and Social Psychology, 76(6),
893–910. Retrieved from http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=
Retrieve&db=PubMed&dopt=Citation&list_uids=10402679.

Chartrand, T. L., & Lakin, J. L. (2013). The antecedents and consequences of human
behavioral mimicry. Annual Review of Psychology, 64(1), 285–308. https://doi.org/
10.1146/annurev-psych-113011-143754.

Chen, L., Ralph, M. A. L., & Rogers, T. T. (2017). A unified model of human semantic
knowledge and its disorders. Nature Human Behaviour, 1(3), 1–10.

Churchland, P. M. (2013). Matter and consciousness (3rd ed.). Cambridge, MA: MIT Press.
Conway, C. C., Forbes, M. K., Forbush, K. T., Fried, E. I., Hallquist, M. N., Kotov, R., &

Sunderland, M. (2019). A hierarchical taxonomy of psychopathology can transform
mental health research. Perspectives on Psychological Science, 14(3), 419–436.

Cook, J., & Bird, G. (2011). Social attitudes differentially modulate imitation in adoles-
cents and adults. Experimental Brain Research, 211(3), 601–612. https://doi.org/10.
1007/s00221-011-2584-4.

Cook, J. L., Barbalat, G., & Blakemore, S.-J. (2012). Top-down modulation of the per-
ception of other people in schizophrenia and autism. Frontiers in Human Neuroscience,
6. https://doi.org/10.3389/fnhum.2012.00175.

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The reorienting system of the human
brain: From environment to theory of mind. Neuron, 58(3), 306–324. Retrieved from
http://www.sciencedirect.com/science/article/B6WSS-4SFRCHN-5/2/
6687475be4ba4737a0291df532dbb03a.

Cracco, E., Bardi, L., Desmet, C., Genschow, O., Rigoni, D., De Coster, L., & Brass, M.
(2018). Automatic imitation: A meta-analysis. Psychological Bulletin, 144(5),
453–500. https://doi.org/10.1037/bul0000143.

Cracco, E., Genschow, O., Radkova, I., & Brass, M. (2018). Automatic imitation of pro-
and antisocial gestures: Is implicit social behavior censored? Cognition, 170, 179–189.
https://doi.org/10.1016/j.cognition.2017.09.019.

Darda, K. M., Butler, E. E., & Ramsey, R. (2020). Individual differences in social and non-
social cognitive control. Cognition, 104317. https://doi.org/10.1016/j.cognition.
2020.104317.

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention.
Annual Review of Neuroscience, 18, 193–222. https://doi.org/10.1146/annurev.ne.18.
030195.001205.

Duncan, J. (2010). The multiple-demand (MD) system of the primate brain: Mental
programs for intelligent behaviour. Trends in Cognitive Sciences, 14(4), 172–179.
https://doi.org/10.1016/j.tics.2010.01.004.

Duncan, J., Humphreys, G., & Ward, R. (1997). Competitive brain activity in visual at-
tention. Current Opinion in Neurobiology, 7(2), 255–261.

Firestone, C., & Scholl, B. J. (2016). Cognition does not affect perception: Evaluating the
evidence for “top-down” effects. Behavioral and Brain Sciences, 39.

Fodor, J. A. (1983). The modularity of mind. Cambridge, MA: The MIT Press.
Friston, K. (2010). The free-energy principle: a unified brain theory? Nature Reviews

Neuroscience, 11(2), 127–138.
Frith, C. D., & Frith, U. (2012). Mechanisms of social cognition. Annual Review of

Psychology, 63(1), 287–313. https://doi.org/10.1146/annurev-psych-120710-
100449.

Funder, D. C., & Ozer, D. J. (2019). Evaluating effect size in psychological research: Sense
and nonsense. Advances in Methods and Practices in Psychological Science, 2(2),
156–168. https://doi.org/10.1177/2515245919847202.

Genschow, O., Schuler, J., Cracco, E., Brass, M., & Wänke, M. (2019). The effect of money
priming on self-focus in the imitation-inhibition task. Experimental Psychology, 66(6),
423–436. https://doi.org/10.1027/1618-3169/a000466.

Gilbert, C. D., & Li, W. (2013). Top-down influences on visual processing. Nature Reviews
Neuroscience, 14(5), 350–363.

R. Ramsey and R. Ward Acta Psychologica 209 (2020) 103118

7

https://doi.org/10.1146/annurev.psych.60.110707.163514
https://doi.org/10.1146/annurev.psych.60.110707.163514
http://linkinghub.elsevier.com/retrieve/pii/S0896627310001777
http://linkinghub.elsevier.com/retrieve/pii/S0896627310001777
https://doi.org/10.1016/j.tics.2018.10.002
https://doi.org/10.1016/j.tics.2018.10.002
https://doi.org/10.1007/s10919-019-00324-z
https://doi.org/10.1007/s10919-019-00324-z
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0025
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0025
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0025
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0030
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0030
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0030
http://www.sciencedirect.com/science/article/B6T24-4J5T622-1/2/a4f8a745c144ea8f29568ca6b25d2b7d
http://www.sciencedirect.com/science/article/B6T24-4J5T622-1/2/a4f8a745c144ea8f29568ca6b25d2b7d
https://doi.org/10.1162/089892903321662976
https://doi.org/10.1162/089892903321662976
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0045
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0045
https://doi.org/10.1073/pnas.0507062103
https://doi.org/10.1073/pnas.0507062103
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1016/j.visres.2008.07.012
https://doi.org/10.1016/j.visres.2008.07.012
https://psyarxiv.com/36tm5/
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?db=m&form=6&dopt=r&uid=11041986
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?db=m&form=6&dopt=r&uid=11041986
https://doi.org/10.1038/nrn2575
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0080
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0080
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0080
https://doi.org/10.1016/j.neubiorev.2017.01.035
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0090
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0095
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10402679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10402679
https://doi.org/10.1146/annurev-psych-113011-143754
https://doi.org/10.1146/annurev-psych-113011-143754
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0110
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0110
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0115
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0120
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0120
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0120
https://doi.org/10.1007/s00221-011-2584-4
https://doi.org/10.1007/s00221-011-2584-4
https://doi.org/10.3389/fnhum.2012.00175
http://www.sciencedirect.com/science/article/B6WSS-4SFRCHN-5/2/6687475be4ba4737a0291df532dbb03a
http://www.sciencedirect.com/science/article/B6WSS-4SFRCHN-5/2/6687475be4ba4737a0291df532dbb03a
https://doi.org/10.1037/bul0000143
https://doi.org/10.1016/j.cognition.2017.09.019
https://doi.org/10.1016/j.cognition.2020.104317
https://doi.org/10.1016/j.cognition.2020.104317
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1016/j.tics.2010.01.004
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0165
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0165
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0170
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0170
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0175
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf2015
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf2015
https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1177/2515245919847202
https://doi.org/10.1027/1618-3169/a000466
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0195
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0195


Gleibs, I. H., Wilson, N., Reddy, G., & Catmur, C. (2016). Group dynamics in automatic
imitation. PLoS One, 11(9), Article e0162880. https://doi.org/10.1371/journal.pone.
0162880.

Gray, K. (2017). How to map theory: Reliable methods are fruitless without rigorous
theory. Perspectives on Psychological Science, 12(5), 731–741. https://doi.org/10.
1177/1745691617691949.

Heyes, C. (2011). Automatic imitation. Psychological Bulletin, 137(3), 463–483. https://
doi.org/10.1037/a0022288.

Hommel, B. (2009). Action control according to TEC (theory of event coding).
Psychological Research-Psychologische Forschung, 73(4), 512–526. https://doi.org/10.
1007/s00426-009-0234-2.

Hughes, S., De Houwer, J., & Perugini, M. (2016). The functional-cognitive framework for
psychological research: Controversies and resolutions. International Journal of
Psychology, 51(1), 4–14.

Humphreys, G. W., Riddoch, M. J., & Price, C. J. (1997). Top-down processes in object
identification: Evidence from experimental psychology, neuropsychology and func-
tional anatomy. Philosophical Transactions of the Royal Society B-Biological Sciences,
352(1358), 1275–1282. https://doi.org/10.1098/rstb.1997.0110.

Jefferies, E. (2013). The neural basis of semantic cognition: Converging evidence from
neuropsychology, neuroimaging and TMS. Cortex, 49(3), 611–625. https://doi.org/
10.1016/j.cortex.2012.10.008.

Kanwisher, N. (2010). Functional specificity in the human brain: A window into the
functional architecture of the mind. Proceedings of the National Academy of Sciences,
107(25), 11163–11170.

Klapper, A., Ramsey, R., Wigboldus, D., & Cross, E. S. (2014). The control of automatic
imitation based on bottom–up and top–down cues to animacy: Insights from brain
and behavior. Journal of Cognitive Neuroscience, 26(11), 2503–2513. https://doi.org/
10.1162/jocn_a_00651.

Kramer, R. S., Mulgrew, J., Anderson, N. C., Vasilyev, D., Kingstone, A., Reynolds, M. G.,
& Ward, R. (2020). Physically attractive faces attract us physically. Cognition, 198,
104193.

Lambon Ralph, M. A., Jefferies, E., Patterson, K., & Rogers, T. T. (2017). The neural and
computational bases of semantic cognition. Nature Reviews Neuroscience, 18, 42.
https://doi.org/10.1038/nrn.2016.150https://www.nature.com/articles/nrn.2016.
150#supplementary-information.

Leighton, J., Bird, G., Orsini, C., & Heyes, C. (2010). Social attitudes modulate automatic
imitation. Journal of Experimental Social Psychology, 46(6), 905–910. https://doi.org/
10.1016/j.jesp.2010.07.001.

Lenartowicz, A., Kalar, D. J., Congdon, E., & Poldrack, R. A. (2010). Towards an ontology
of cognitive control. 2, 678–692. https://doi.org/10.1111/j.1756-8765.2010.01100.
x (4).

Liepelt, R., & Brass, M. (2010). Top-down modulation of motor priming by belief about
animacy. Experimental Psychology, 57(3), 221–227. https://doi.org/10.1027/1618-
3169/a000028.

Mcclelland, J. L., & Rumelhart, D. E. (1981). An interactive activation model of context
effects in letter perception. 1. An account of basic findings. Psychological Review,
88(5), 375–407. https://doi.org/10.1037/0033-295x.88.5.375.

Meehl, P. E. (1967). Theory-testing in psychology and physics: A methodological paradox.
Philosophy of Science, 34(2), 103–115.

Meehl, P. E. (1990). Why summaries of research on psychological theories are often
uninterpretable. Psychological Reports, 66(1), 195–244. https://doi.org/10.2466/pr0.
1990.66.1.195.

Melnikoff, D. E., & Bargh, J. A (2018). The mythical number two. Trends in Cognitive
Sciences, 22(4), 280–293.

Munafò, M. R., Nosek, B. A., Bishop, D. V. M., Button, K. S., Chambers, C. D., Percie du
Sert, N., ... Ioannidis, J. P. A. (2017). A manifesto for reproducible science. Nature
Human Behaviour, 1, 21. https://doi.org/10.1038/s41562-016-0021.

Newey, R., Koldewyn, K., & Ramsey, R. (2019). The influence of prosocial priming on
visual perspective taking and automatic imitation. PLoS One, (1), 14. https://doi.org/
10.1371/journal.pone.0198867 ARTN e0198867.

Ogilvie, R., & Carruthers, P. (2016). Opening up vision: The case against encapsulation.
Review of Philosophy and Psychology, 7(4), 721–742.

Open Science Collaboration. (2015). Estimating the reproducibility of psychological sci-
ence. Science, 349(6251), https://doi.org/10.1126/science.aac4716.

Orben, A., & Lakens, D. (2020). Crud (Re)Defined. Advances in Methods and Practices in
Psychological Science, 3(2), 238–247. https://doi.org/10.1177/2515245920917961.

Otten, M., Seth, A. K., & Pinto, Y. (2017). A social Bayesian brain: How social knowledge
can shape visual perception. Brain and Cognition, 112, 69–77.

Park, H.-J., & Friston, K. (2013). Structural and functional brain networks: From con-
nections to cognition. Science, 342(6158), Retrieved from http://science.sciencemag.

org/content/342/6158/1238411.abstract.
Petersen, S. E., & Posner, M. I. (2012). The attention system of the human brain: 20 years

after. Annual Review of Neuroscience, 35(35), 73–89. https://doi.org/10.1146/
annurev-neuro-062111-150525.

Poldrack, R., Kittur, A., Kalar, D., Miller, E., Seppa, C., Gil, Y., ... Bilder, R. (2011). The
cognitive atlas: Toward a knowledge foundation for cognitive neuroscience. Frontiers
in Neuroinformatics, 5(17), https://doi.org/10.3389/fninf.2011.00017.

Ptak, R. (2012). The frontoparietal attention network of the human brain: Action, sal-
iency, and a priority map of the environment. The Neuroscientist, 18(5), 502–515.
https://doi.org/10.1177/1073858411409051.

Ramsey, R. (2018a). Neural integration in body perception. Journal of Cognitive
Neuroscience, 30(10), 1442–1451.

Ramsey, R. (2018b). What are reaction time indices of automatic imitation measuring?
Consciousness and Cognition, 65, 240–254. https://doi.org/10.1016/j.concog.2018.
08.006.

Ramsey, R. (2020). Advocating for the credibility revolution. Cognitive Psychology Bulletin,
5. Retrieved from https://psyarxiv.com/3kwnu.

Ramsey, R., & Ward, R. (2020). Putting the nonsocial into social neuroscience: A role for
domain-general priority maps during social interactions. Perspectives on Psychological
Science. https://doi.org/10.1177/1745691620904972.

Rauchbauer, B., Majdandžić, J., Stieger, S., & Lamm, C. (2016). The modulation of mi-
micry by ethnic group-membership and emotional expressions. PLoS One, 11(8),
Article e0161064. https://doi.org/10.1371/journal.pone.0161064.

Redcay, E., & Schilbach, L. (2019). Using second-person neuroscience to elucidate the
mechanisms of social interaction. Nature Reviews Neuroscience, 20(8), 495–505.
https://doi.org/10.1038/s41583-019-0179-4.

Rizzolatti, G., & Sinigaglia, C. (2010). The functional role of the parieto-frontal mirror
circuit: Interpretations and misinterpretations. Nature Reviews. Neuroscience, 11(4),
264–274. Retrieved from https://doi.org/10.1038/nrn2805.

Rouder, J. N., Morey, R. D., Verhagen, J., Province, J. M., & Wagenmakers, E. J. (2016). Is
there a free lunch in inference? Topics in Cognitive Science, 8(3), 520–547.

Shamay-Tsoory, S. G., & Mendelsohn, A. (2019). Real-life neuroscience: An ecological
approach to brain and behavior research. Perspectives on Psychological Science, 14(5),
841–859. Unsp 1745691619856350 https://doi.org/10.1177/1745691619856350.

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-positive psychology:
Undisclosed flexibility in data collection and analysis allows presenting anything as
significant. Psychological Science, 22(11), 1359–1366. https://doi.org/10.1177/
0956797611417632.

Simons, D. J., Shoda, Y., & Lindsay, D. S. (2017). Constraints on generality (COG): A
proposed addition to all empirical papers. Perspectives on Psychological Science, 12(6),
1123–1128. https://doi.org/10.1177/1745691617708630.

Spunt, R. P., & Adolphs, R. (2017). A new look at domain specificity: Insights from social
neuroscience. Nature Reviews. Neuroscience, 18(9), 559–567. https://doi.org/10.
1038/nrn.2017.76.

Theeuwes, J. (2004). Top-down search strategies cannot override attentional capture.
Psychonomic Bulletin & Review, 11(1), 65–70. https://doi.org/10.3758/Bf03206462.

Theeuwes, J. (2010). Top-down and bottom-up control of visual selection. Acta
Psychologica, 135(2), 77–99. https://doi.org/10.1016/j.actpsy.2010.07.006.

Tipper, S. P., & Bach, P. (2008). Your own actions influence how you perceive other
people: A misattribution of action appraisals. Journal of Experimental Social
Psychology, 44(4), 1082–1090. https://doi.org/10.1016/j.jesp.2007.11.005.

van Baaren, R., Janssen, L., Chartrand, T. L., & Dijksterhuis, A. (2009). Where is the love?
The social aspects of mimicry. Philosophical Transactions of the Royal Society B:
Biological Sciences, 364(1528), 2381–2389. https://doi.org/10.1098/rstb.2009.0057.

Vazire, S. (2018). Implications of the credibility revolution for productivity, creativity,
and progress. Perspectives on Psychological Science, 13(4), 411–417. https://doi.org/
10.1177/1745691617751884.

Wang, Y., & Hamilton, A. F. D. (2013). Understanding the role of the “self” in the social
priming of mimicry. PLoS One, 8(4), https://doi.org/10.1371/journal.pone.0060249
(doi:ARTN e60249).

Wang, Y., & Hamilton, A. F.d. C. (2012). Social Top-down Response Modulation
(STORM): A model of the control of mimicry in social interaction. Frontiers in Human
Neuroscience, 6. https://doi.org/10.3389/fnhum.2012.00153.

Yarkoni, T. (2019). The generalizability crisis. https://doi.org/10.31234/osf.io/jqw35
November 22.

Zaki, J. (2013). Cue integration: A common framework for social cognition and physical
perception. Perspectives on Psychological Science, 8(3), 296–312.

Zwaan, R. A., Etz, A., Lucas, R. E., & Donnellan, M. B. (2017). Making replication
mainstream. The Behavioral and Brain Sciences, 1–50. https://doi.org/10.1017/
S0140525X17001972.

R. Ramsey and R. Ward Acta Psychologica 209 (2020) 103118

8

https://doi.org/10.1371/journal.pone.0162880
https://doi.org/10.1371/journal.pone.0162880
https://doi.org/10.1177/1745691617691949
https://doi.org/10.1177/1745691617691949
https://doi.org/10.1037/a0022288
https://doi.org/10.1037/a0022288
https://doi.org/10.1007/s00426-009-0234-2
https://doi.org/10.1007/s00426-009-0234-2
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0220
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0220
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0220
https://doi.org/10.1098/rstb.1997.0110
https://doi.org/10.1016/j.cortex.2012.10.008
https://doi.org/10.1016/j.cortex.2012.10.008
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0235
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0235
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0235
https://doi.org/10.1162/jocn_a_00651
https://doi.org/10.1162/jocn_a_00651
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0245
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0245
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0245
https://doi.org/10.1038/nrn.2016.150
https://www.nature.com/articles/nrn.2016.150#supplementary-information
https://www.nature.com/articles/nrn.2016.150#supplementary-information
https://doi.org/10.1016/j.jesp.2010.07.001
https://doi.org/10.1016/j.jesp.2010.07.001
https://doi.org/10.1111/j.1756-8765.2010.01100.x
https://doi.org/10.1111/j.1756-8765.2010.01100.x
https://doi.org/10.1027/1618-3169/a000028
https://doi.org/10.1027/1618-3169/a000028
https://doi.org/10.1037/0033-295x.88.5.375
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0275
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0275
https://doi.org/10.2466/pr0.1990.66.1.195
https://doi.org/10.2466/pr0.1990.66.1.195
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf2010
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf2010
https://doi.org/10.1038/s41562-016-0021
https://doi.org/10.1371/journal.pone.0198867
https://doi.org/10.1371/journal.pone.0198867
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0295
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0295
https://doi.org/10.1126/science.aac4716
https://doi.org/10.1177/2515245920917961
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0310
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0310
http://science.sciencemag.org/content/342/6158/1238411.abstract
http://science.sciencemag.org/content/342/6158/1238411.abstract
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.3389/fninf.2011.00017
https://doi.org/10.1177/1073858411409051
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0335
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0335
https://doi.org/10.1016/j.concog.2018.08.006
https://doi.org/10.1016/j.concog.2018.08.006
https://psyarxiv.com/3kwnu
https://doi.org/10.1177/1745691620904972
https://doi.org/10.1371/journal.pone.0161064
https://doi.org/10.1038/s41583-019-0179-4
https://doi.org/10.1038/nrn2805
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0370
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0370
https://doi.org/10.1177/1745691619856350
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/1745691617708630
https://doi.org/10.1038/nrn.2017.76
https://doi.org/10.1038/nrn.2017.76
https://doi.org/10.3758/Bf03206462
https://doi.org/10.1016/j.actpsy.2010.07.006
https://doi.org/10.1016/j.jesp.2007.11.005
https://doi.org/10.1098/rstb.2009.0057
https://doi.org/10.1177/1745691617751884
https://doi.org/10.1177/1745691617751884
https://doi.org/10.1371/journal.pone.0060249
https://doi.org/10.3389/fnhum.2012.00153
https://doi.org/10.31234/osf.io/jqw35
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0435
http://refhub.elsevier.com/S0001-6918(20)30067-6/rf0435
https://doi.org/10.1017/S0140525X17001972
https://doi.org/10.1017/S0140525X17001972

	Challenges and opportunities for top-down modulation research in cognitive psychology
	Introduction
	Challenges
	Social top-down modulation needs a clearer definition
	Specificity needs demonstrating
	Theoretical and methodological reform is required

	Opportunities
	Move on from “social”, “top-down”, and “bottom-up” terminology and place firmer constraints on generality
	Make better use of developments in more established research programmes
	Improve theoretical reasoning and embrace the credibility revolution

	Conclusion
	References




