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Abstract

I hypothesize perception functions to promote possibilities for safe, effective, and efficient action
and, as such, represents not objective facts about the world as it is in itself, but, rather, a special set
of further relational facts for which we have no independent sense. | begin with data suggesting
perception is penetrated by perceivers’ physical, affective, and cognitive states. Next, | propose
hallucinations and other unusual visual experiences indicate that everyday perceptual experiences
demonstrate an increased reliance on knowledge over sensation, and that this enhances perceptual
performance. | then rebut two main kinds of objection: First, that post-perceptual response processes
are responsible for alleged cases of penetration and second, that perception is impenetrable at its
underlying level, the early visual system. Overall, | conclude perception “accurately distorts”
objective facts about the external world because its function is “seeing-in for-action.”

Introduction

In this paper, | aim to inform Philosophers about contemporary scientific research on the cognitive
penetrability of perception® and Scientists about the ongoing philosophical debate over cognitive
penetrability, and to contribute novel insight valuable to both. While some scientific fields take
perception to be cognitively penetrated, in Philosophy, the matter is far from settled, and, indeed,
orthodoxy favors impenetrability. In part, this cross-disciplinary divide stems from cross- and even
inter-disciplinary differences in carving up and defining key concepts. Because these differences
are conceptually, and not merely linguistically, grounded, reviewing contemporary scientific
research into and ongoing philosophical debate about cognitive penetrability offers more than mere
exegesis; it offers complications that bear the potential for fueling new experimental and theoretical
work. To that end, | cite a wealth of empirical evidence that perception is cognitively penetrable
and rebut common objections from Philosophy and Psychology. Moreover, | also propose the novel
argument that the hallucinations brought about by mood disorders not only indicate how and why
perception is cognitively penetrated, but also exemplify perception’s functioning, not its
malfunctioning. This argument weighs in on the ongoing philosophical debate about cognitive
penetrability, suggests new avenues for scientific research into perceptual systems, and even
recommends additional options for clinical psychiatric treatment of hallucinatory mood disorders.

Common sense assumes we see the world as it actually is, but mounting empirical work suggests
otherwise. Imagine you are thirsty and see a bottle of water on your kitchen counter that looks

L In this paper, | focus on visual perception and intend “perception” to refer thus.
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closer and more easily reachable than it did when you were quenched. But does the water really
look closer, or do you merely think it does? According to data from Experimental Psychology and
Neuroscience, it really does look closer. On this data, we see the world relative to our abilities,
knowledge, and goals, and this makes possibilities for safe, effective, and efficient action visually
apparent. Seeing the water as closer prompts your reaching for it to quench your thirst. In contrast
to the sharp divide between seeing and thinking maintained by philosophical orthodoxy, |
hypothesize perception is meaningful in virtue of representing not objective facts about the external
world as it is in itself, but, rather, a special set of further relational facts for which we have no
independent sense. These facts capture the way a perceiver stands in relation to her environment;
they capture the possibilities for safe, effective, and efficient action available to a perceiver, given
her environment, abilities, knowledge, and goals. On my hypothesis, then, perception prompts
action by functioning as a distorting lens; it “accurately distorts” such that perceivers see
possibilities for safe, effective, and efficient action in their environments. It is “seeing-in-for-
action.”

Philosophical orthodoxy about the mind owes its roots to Descartes, who, in characterizing mind
and world as fundamentally different substances incapable of direct interaction, severs cognition
from sensation. Demonstrating this lineage, Chomsky (1959) holds the mind a computer comprised
of anatomically distinct information processing systems, such as the linguistic and perceptual
systems, which each operate according to proprietary functions, rules, and codes. Likewise in-
keeping with Descartes, many contemporary Philosophers studying perception (e.g., Fodor, 1983;
Pylyshyn, 1980, 1999, and 2003) maintain a strict divide between thinking and seeing. Thus, Fodor
takes the perceptual system to be a “module?” that is informationally encapsulated, or unable to
access information stored in other systems; operationally inaccessible to central systems, from
which intermediate-level representations computed prior to output are hidden; mandatory, or
outside of conscious control and thus automatic; “shallow,” or computationally cheap and
informationally general; fast; innate; domain specific; anatomically localized; and functionally
dissociable. Similarly, Pylyshyn claims perceptual processes are cognitively impenetrable, or
encapsulated from beliefs and desires. Accordingly, while information can flow between, say
auditory and visual perception, these processes cannot access information stored in central memory
systems.® For Fodor and Pylyshyn alike, then, perception is strictly separated from higher-level
cognitive states and, as such, able only to make defeasible inferences from “considerably less than
the organism may know” (Fodor, 1983, p. 69). In contrast to both modularity and impenetrability,
as exemplified by Fodor and Pylyshyn, respectively, | argue perception can access higher-level
cognitive states and, hence, know what the organism knows.

2 To be precise, Fodor's (1983) modules are more fine-grained than each entire perceptual modality, and include, for
example, the mechanisms specific to color perception, visual shape analysis, and face recognition.

3 | focus on the possibility of perception’s being impenetrable because, as a weak type of modularity, proving the
former claim false defeats both.
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Results

Against modularity, a wealth of psychological research suggests perception makes possibilities for
action apparent by calibrating states of the world to physical, affective, and cognitive states of
individuals. For example, target walking distances appear farther as a function of prior physical
exertion (Witt et al., 2004), pain (Bhalla and Proffitt, 1999; Bian and Andersen, 2013; Cafial-
Bruland and van der Kamp, 2009; Sugovic and Witt, 2011 and 2013; Taylor, Witt, and Sugovic,
2011; Witt et al., 2009 and 2011), and old age (Bhalla and Proffitt, 1999; Bian Andersen, 2013;
Sugovic and Witt, 2013) and reaching distances nearer as a function of tool augmentation (Witt
and Proffitt, 2008; Witt et al., 2005), provided the target object is within reach (Bloesch et al., 2012;
Davoli et al., 2012; Linkenauger, Witt, and Proffitt, 2011; Osiurak et al., 2012; Witt, 2011) and use
of the tool intended (Linkenauger et al., 2011; Witt and Proffitt, 2008; Witt et al., 2005). Similarly,
hills appear steeper to those in a negative mood, depressed, or stressed, and less steep to those
accompanied by a friend (Schnall, et al., 2008 and 2010).

Against impenetrability, like results obtain for cognitive states: Goal-directed desires impact
apparent size and distance such that a $100 bill is seen as closer when winnable (Cole and Balcetis,
2013) and sources of feedback farther when negative (Balcetis, 2015). In addition, pre-exposure to
categorization tasks alters discriminability for stimulus properties (Goldstone, 1994 and 1995),
acquisition of an alphabetic system results in gains in visual discrimination skills (Liberman et al.
1974; Morais et al. 1979; Verhaeghe and Kolinsky 1992), and relevant cultural terminology affects
visual experience for patterns (Goldstein and Davidoff, 2008), colors (Kay and Kempton, 1984;
Ozgen and Davies, 2002; Robinson et al., 2005; Winawer et al., 2007), and object direction
(Meteyard et al., 2007). Results such as these, found in overwhelming similar studies, provide
reason to think perception is calibrated to what we know and what we can and want to do. They
provide reason to think we look through the distorting lens of our abilities, emotions, beliefs, and
desires to see possibilities for action in our environment. Therefore, contrary to philosophical
orthodoxy, | argue perception can know what the organism knows. Indeed, on my view, cognition
and sensation jointly inform each other during perceptual processes themselves, making perceptual
information an admixture of the two. Perception thus accurately represents the world relative to the
perceiver; it accurately represents the world for action in virtue of distorting it in itself.

| propose the hallucinations and other unusual visual experiences presenting with mood disorders
demonstrate perception’s mixing together cognition and sensation. Moreover, | argue these unusual
experiences suggest the same mechanism holds true for everyday perceptual distortions-for-action,
and that it is functionally adaptive. Clinical observations and neuroscientific experiments alike
show mood disordered episodes are accompanied by top-down perceptual alterations. For example,
one patient suffering from an obsessional disorder describes specifically visual changes, and not
merely, say, feelings of discomfort, whereby she moves from seeing the objectively unchanged
objects in her apartment as orderly to disorderly; when anxiously obsessed, but not when calm, she
reports the objects actually appear out of order (Rachman and Cuk, 1992). This clinical
observation, echoed in other patient reports (see, for example, Rachman, 2004, and Rachman and
Cuk, 1992), is supported by electrophysiological recordings of the brain, which pinpoint V1
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activation in response to fear and anxiety at just 50 to 100 milliseconds after stimulus presentation
(Eldar et al., 2010; Pourtois et al., 2004; Rossi and Pourtois 2012 and 2014; Vanlessen et al., 2013
and 2014; West et al., 2011). Mood disorders are thus marked by unusual perceptual experiences;
such patients do not simply judge that things seem a certain way; rather, things really look that way.

Prima facie, it seems maladaptive to see the world as it isn’t. However, | propose adaptive function
underlies the mechanism by which visual distortions are wrought. Suggesting as much, visual tasks
relying on prior knowledge find mood disordered participants suffering unusual visual experiences
perform over twice as well as healthy controls, and do so as a function not of improved working
memory or delusional beliefs, but the alterations they visually experience (Teufel et al., 2015).
Given well-established (for a review, see Silverstein and Keane, 2011) psychotic deficits in early
visual processing, which make for unusually noisy sensory systems, the link between unusual visual
experiences and enhanced visual task performance is likely the result of relying on knowledge
rather than sensory information to resolve ambiguity.* That is to say, the unusual experiences result
from a mechanism whereby information due to higher-level central processes is weighed more
heavily than that due to the sense organs. If cognitive information were not accessible during, but
only after, perceptual processes, during post-perceptual judgment, decision-making, and reporting
processes, the alterations experienced by mood disordered individuals would consist in their
judging the world to seem some way, not their seeing it to look that way. | therefore conclude these
alterations demonstrate cognitive penetrability; they demonstrate information from higher-level
central processes and the sense organs can in fact combine during perceptual processes themselves.

That the ambiguity inherent in unusually noisy sensory systems is resolved by weighing cognitive
more heavily than sensory evidence suggests a mechanism by which everyday perceptual
experiences are calibrated to states of individuals. It suggests that, when there is sensory noise (such
as in emotionally charged or arousing, cognitively dissonant conditions) or perceptual ambiguity
(such as with distant or poorly illuminated stimuli) a shift in information processing occurs whereby
the evidentiary role granted to information from top-down sources overshadows that granted
bottom-up ones. Because everyday conditions are frequently imperfect in these ways, | propose
perceivers likely often weigh top-down more heavily than bottom-up input. Consistent with this
hypothesis, spiders look closer (Riskind et al., 1995) and heights higher to those who fear them
(Stefanucci et al., 2012; Teachman et al., 2008), and visual resolution of binocular rivalry and bi-
stable figures is biased by arousal (Sheth and Pham, 2008), emotion (Alpers and Gerdes, 2007;
Alpers and Pauli, 2006; Coren and Russell, 1992; Seidel and Prinz, 2012), desire (Balcetis, 2006;
Voss et al., 2008), religious belief (Riekki et al., 2012), priming (Aarts and Dijksterhuis, 2002;
Balcetis and Dale, 2003, and 2006; Bugelski and Alampay, 1961; Leeper, 1935), prior information
(Girgus et al., 1977), and visual imagery (Balcetis, 2006).

4 Consistent with this proposal, bipolar disorder presenting with sensory noise and hallucinatory experiences is so
evidently associated with a reduced alteration rate relative to the healthy norm in both binocular rivalry (Miller et
al., 2003; Pettigrew and Miller, 1998; Nagamine et al., 2009; Vierck et al., 2013) and bi-stable figures (Krug et al., 2008)
that such reduction is considered a possible endophenotype of the pathology (Ngo et al., 2011).
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Further, that hallucinations and other unusual visual experiences are linked to improved visual task
performance (Teufel et al., 2015) and the perception of a more stable environment (Krug et al.,
2008; Miller et al., 2003; Pettigrew and Miller, 1998; Nagamine et al., 2009; Vierck et al., 2013)
implies an adaptive reason for the mechanism by which everyday perceptual distortions are
wrought. It implies knowledge modulates sensation during perceptual processes to promote
possibilities for safe, effective, and efficient action. Study results bear out this prediction. For
example, believing that one is using a professional golfer’s putter increases the golf hole’s apparent
size and improves putting performance (Lee et al., 2011). Similarly, verbal (Lupyan and Spivey,
2008; Lupyan and Thompson-Schill, 2012) and visual (Egeth and Smith, 1967; and Pachella, 1975)
cues and context (Biederman et al., 1982; Boyce and Pollatsek, 1992; Boyce, Pollatsek and Rayner,
1989; Long and Toppino, 2004) influence the speed and accuracy of object identification, and
expertise affords knowledge of the structure of appearances (Goldstone, 1994 and 1995;
Livingston, Andrews, and Harnad, 1998;) that improves the ability to re-conceptualize (Goldstone
and Hendrickson, 2010) and select paradigmatic object-type information (Gombrich, 1960; Kozbelt
et al., 2010; Sowden et al., 2000). | therefore argue that sensory noise and ambiguity, which are
frequently at issue not only for mood disordered individuals, but also in everyday perceptual
experiences, result in favoring non-visual input to perceptual processes over visual input, and that
this alters perceptual content in ways connected to improved performance.

Given corresponding improvements in performance, | claim visual distortions are not perception
gone wrong, but right. Delusional beliefs are maladaptive, but distorted perceptions are not.®
Rather, perceptual distortions promote possibilities for adaptive action by representing the world
relative to perceivers such that, for example, “[t]hreatening objects appear... clearer, sharper, even
larger” (Rachman, 2004, p.42). However, while the phenomenon of seeing-in-for-action is itself
adaptive, the adaptiveness of specific distortions depends on the adaptiveness one’s knowledge.
This suggests that clinical treatment for mood disorders requires delusional beliefs be corrected.
Because beliefs cannot be altered by will, | propose treatment for mood disorders mirror that for
phobias. Such treatment consists in a series of carefully controlled interactions that increases in
intensity and duration as patient fear of and comfort levels with the phobic object improve. These
interactions involve the perceptual modalities; patients are required to imagine, hear, see, touch,
and eventually even hold the phobic object until reporting, for example, that snakes appear
significantly less slimy, ugly, and sinister and significantly smoother and drier (Rachman and
Whittal, 1989) or that spiders appear significantly less hairy, ugly, and threatening and significantly
lighter and more feathery (Rachman and Whittal, 1989. Also see Rachman and Cuk, 1992).°
Treatment for phobias, then, relies on information’s flowing between central memory and
perceptual systems and, hence, tells against modularity and impenetrability. Given the wealth and
scope of evidence, as presented thus far, | therefore conclude perception is penetrated by, and

5 Maladaptive behavior may well present in conjunction with perceptual content distorted relative to perceivers’ states,
but the phenomenon of seeing-in-for-action is itself adaptive; any such maladaptive behavior stems not from seeing the
world as it is for oneself, but from seeing the world as it is for a believer of delusional information.

6 Similar methods have been suggested to reduce the perceptual alterations that accompany addiction. For more on their
use to treat addition, see Berridge and Robinson (1998). For more on addiction’s perceptual alterations, see Clune et al.,
2008.
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represents the external world relative to, perceivers’ physical, affective, and cognitive states, and
that this makes possibilities for safe, effective, and efficient action visually apparent.

Objections and Replies

Counter to my conclusion, critics in Psychology (e.g. Firestone, 2013; Firestone and Scholl, 2014;
Loomis and Philbeck, 2008; Shaffer and Flint, 2011; Woods et al., 2009) claim individuals’ states
impact the way the world seems, not the way it looks; they claim states of individuals affect
judgments about, but not perceptions of, states of the world. Specifically, these critics object that
experimental results alleging to show penetration, such as those given above, are not reflected in
subjective perceptual experience’ and, indeed, are mere post-perceptual artifacts arising from
flawed experimental design. These flaws include experimenter effects, whereby participants are
unduly lead to act in accordance with experimental hypotheses; task demands, which can allow
participants to assume an experiment’s hypothesis and purpose; biased reports, including
judgements about nonvisual or irrelevant visual features; and memory-encoded responses, which
reflect post-perceptually memorized action plans. Studies subject to these weaknesses fail to
overcome the thesis that perception functions to track and encode information about the world as
it is in itself and, hence, fail to prove we see the world relative to our abilities, beliefs, and desires.
Perhaps only post-perceptual, not perceptual, processes are informed by what we know and can
and want to do. Perhaps perception does not access higher-cognitive states after all, but simply
makes rule-governed inferences about states of the world as it is in itself, not as it is for the
perceiver. In response to this possibility, proponents of perception’s being calibrated to individuals’
states point to additional studies that replicate the given results while overcoming prior design
flaws.®

To curtail experimenter effects, these studies minimize interactions between experimenters and
participants (Kirsch and Kunde, 2013; Witt, 2011b; Witt et al., 2005) or keep experimenters in the
dark about participants’ performance levels (Witt and Proffitt, 2005; Witt, et al., 2008). To reduce
task demands, participants are asked about their assumptions (Balcetis, 2006), manipulated without
their knowing (Schnall et al., 2010), and tested on non-salient individual differences (Bhalla and
Proffitt, 1999; Sugovic and Witt, 2011) or indirect, basic properties (Changizi and Hall, 2001;
Stefanucci and Proffitt, 2009; Witt, 2011b).° To take aim at participants’ compliance to task
demands (Balcetis and Dunning, 2010; Sugovic and Witt, 2013), accuracy is rewarded (Balcetis
and Dunning, 2010) or additional task demands introduced with the goal of checking for such
compliance (Witt and Sugovic, 2013). To diminish reporting biases, precise questions focus on
appearances (Philbeck and Witt, 2015), nonverbal responses measures not open to interpretation

7 Proponents of the given results argue subjective experience is lacking only because the visual system filters out rapid
perceptual changes (for a review, see Philbeck and Witt, 2015). While | agree that perceptual changes may sometimes
be filtered out, | nevertheless consider that, for example, water often does actually appear closer and stairs steeper; on
my view, perceptual distortions are so commonplace as to be ignored; as the norm, we fail to notice anything unusual.
Therefore, for reasons of space, in this paper | skip over the literature debating the necessity of subjective experience.

8 For a review of the generalizability and replicability of results, see Philbeck and Witt, 2015.

% For example, Changizi and Hall (2001) investigat the effects of desire on perception by testing thirsty and quenched

subjects for relative apparent transparency, a basic property associated with water, in ambiguous objects.
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are employed (Loomis and Philbeck, 2008), procedures are varied such that, for example, the
desirous interpretation of an ambiguous figure is switched after establishing desire and motivation
(Balcetis, 2006), and converging results across varied response measures are established (Balcetis,
2006; Gajewski, Wallin, and Philbeck, 2014; Sugovic and Witt, 2013).

To eliminate memory-encoding, participants are not allowed to observe targets before as well as
after relevant manipulations. Participants who view targets both before and after they are
manipulated for, say, expected effort or intention to act have the chance to encode different action
plans into memory. To guard against this possibility, Witt et al. (2010) manipulated participants
first for expected walking effort by use of a treadmill, which is shown (Rieser et al., 1995; Proffitt
et al., 2003; Witt et al., 2004, 2009, and 2010) to correlate a new relationship between forward
walking effort and optic flow, and then for intention to act by changing instructions after viewing
of the target. Thus, half of the participants viewed the target with the intention to walk to it and half
to throw to it, but, after viewing it, all were instructed to walk. Individuals’ states, such as intentions
to act, can only serve as a scaling metric according to which perception of the world’s objective
geometry is distorted if they are held during perceptual processes and such processes are penetrable.
Consistent with penetrability, once the target was out of view, walkers blind-walked significantly
father than throwers-turned-walkers, who did not adjustment their blind-walking. Walkers blind-
walked past the target, but throwers-turned-walkers did not because their intention to throw while
perceiving the target made the manipulation for walking effort irrelevant. This demonstrates not
only that the target appeared closer for throwers than walkers, but also that the relevant action
was generated on initial viewing of the target only, i.e. during perceptual processes, and not post-
perceptually, from a memorized action plan.

Despite the above results, the debate about cognitively penetrability continues raging in
Philosophy. Indeed, orthodox theorists (e.g. Pylyshyn, 1999) maintain that even if some, later
stages of perceptual processing can access higher-level information, the earliest, underlying level,
or the early visual system, cannot. To demonstrate as much, these Philosophers point to visual
illusions, which rely on low-level information about edges, colors, textures, and velocities detected
by early visual processes, and persist despite conflicting beliefs and desires. In particular, the
Maller-Lyer illusion, which persists in the face of knowing the lines to be of equal length, is
invoked to prove that perceptual processes are cognitively impenetrable and, as such, governed by
natural constraints,™* or fixed rules of transformation.

However, against philosophical orthodoxy, neuroimaging (Weidner and Fink, 2007) shows the
strength of the Muller-Lyer illusion is mediated from the top down, by higher-level cognitive
factors. Moreover, because the effect does not present across non-carpentered cultures, it is unlikely
due to innate, inflexible rules, but, rather, learned expectations (Deregowski, 2013; Gregory, 1968).
Indeed, the illusion arguably arises because the overlearned interpretation to perspective trumps
other sources of information (Lotto and Purves, 1999, 2000, and 2002). Hence, far from proving

10 Blind-walking reliably correlates to apparent distance. See Elliott, 1987; Loomis et al., 1992; Philbeck and Loomis,
1997; Reiser et al., 1990; Steenuis and Goodale, 1988; Thompson, 1983.
11 For first use and further discussion of “natural constraints,” see Marr, 1982.

7
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perception cognitively impenetrable, this illusion arguably demonstrates access to stored memory
patterns. Characterizing early visual processes as inferences governed by fixed, innate rules of
transformation and based on sensory premises less informed that the organism itself is thus
guestion-begging; perhaps, instead, such processes interpret information based on knowledge of
the world. For example, the kinetic depth effect, which arises from the rigidity constraint, could be
an inference from the learned expectation that an array of points lies in a rigid 3-D configuration
(Wallach and O’Connell, 1953). And, after all, the visual system must still decide which constraint
to use if several compete.

Additional illusions suggest top-down penetration. In figure 1, below, the illusion of motion arises
because encoding an exact Euclidean model of the world from non-Euclidean visual space requires
several descriptions of space-time'? that each capture partial aspects of objective reality
(Aloimonos, 1995; Aloimonos et al., 1995; Fermdiller and Aloimonos, 1996; Fermiller etal., 1998).
These non-general descriptions (Fermiller and Aloimonos, 1995) only make sense in the context
of actions, decisions, or plans and, as such, cannot be cognitively impenetrable.

Figure 1: Shaking one’s head pro_duces the illusion of motion.

In addition, figure 2, below, is associated both with a dominant an alternative percept, which
becomes vivid via conscious visualization (Kanizsa, 1976; and Stadler and Kruse, 1995). This
shows schema-driven cognitive processes influence 3-D surface layout, which suggests cognitive
signals directly reach very early mechanisms, including V1 (Grosof et al. 1993) and V2 (von der
Heydt and Peterhans 1989; von der Heydt et al., 1984).
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Figure 2: ‘A’ can produce both a dominant and alternative percept, shown in ‘B* and ‘C.’

121t is widely agreed the early visual system represents 3-D surfaces. See Brown, 1984; Marr, 1982; Richards, 1988;
and Ullman and Richards, 1990.
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Other instances of early vision’s being cognitively penetrable abound. Indeed, physiological data
show early vision is directly modulated by higher-level cognitive states, including expectation,
intention, and conceptual knowledge, in ways independent of the allocation of attention and
connected to subsequent action possibilities. For example, fMRI data reveal that neurons in early
visual area V1 encode anticipatory-driven information independent of attention (Kok et al., 2014)
and that V1 responses are not only related to high-level content-bearing intentions independently
of spatial attention effects, but also increase with improved task performance (Li, Piéch, and
Gilbert, 2004).

Quantitative evidence also demonstrates intentions affect depth organization independently of eye
or attentional movements (Peterson and Hochberg, 1983; Peterson and Gibson, 1991), and work
on stereograms (which are not associated with relative retinal motion and allow for Nonius fixation
to control large and small eye movements) results in like effects of intention on perceived depth
organization (Peterson 1986). Moreover, EEG measurements show concepts affect early visual
processing prior to the first impact of attention (Boutonnet and Lupyan, 2015; Thierry et al. 2009;
Mo et al. 2011). Indeed, while perceptual learning involves selectively attending to relevant
features (Ahissar and Hochstein, 1993; O’Toole and Kersten, 1992; Shiu and Pashler 1992; Sowden
et al. 1996), experts are further distinguished from novices by modifications within early vision
that enhance analysis of salient visual dimensions (Davies et al. 1994; Sowden et al., 2000) and are
reflected physiologically (Frégnac et al. 1988; Gilbert and Wiesel 1992). Further, conceptual
context impacts recognition of ambiguous and suppressed stimuli (Balcetis and Dale, 2007; Lupyan
and Ward, 2013) and alters V1 neuronal sensitivity independently of attentional effects (Teufel et
al., 2015).

Conclusion

Overall, substantial evidence indicates high-level goals, expectations, and concepts interact with
the visual system at the earliest stages of cortical processing to improve perceptual speed and
reliability and facilitate responses relevant to subsequent behavior. That said, acknowledging
instances of penetrability is not tantamount to denying instances of impenetrability. Indeed, guiding
principles likely apply that additional study might investigate. Perhaps perception tests hypotheses
to resolve ambiguous visual information. Perhaps early vision brings to bear spatial attention and
conceptual knowledge to embed desire into representations. Further experimental work and
theoretical discussion is needed to understand the mechanism | sketch in this paper as combining
input from both sensory organs and central systems during perceptual processes themselves.
However, regardless of the details, contrary to philosophical orthodoxy, | conclude against
modularity and impenetrability and for perception’s being distorted as a function of ability, desire,
and knowledge. And | add that mood disorders demonstrate that perception distorts objective facts
about the world as it is in itself in light of individuals’ states, and that this makes possibilities for
safe, effective, and efficient action visually apparent. In sum, | claim perception is meaningful in
virtue of representing a special set of relational facts for which we have no independent sense;
perception thus “accurately distorts” to promote “seeing-in for-action.”



R. TRAYNOR

References

Aarts, H., and Dijksterhuis, A. (2002). Category activation effects in judgment and behaviour: The
moderating role of perceived comparability. Br. J. Soc. Psych., 41, 123-128.

Ahissar, M. and Hochstein, S. (1993). Attentional control of early perceptual learning. Proc. Natl.
Acad. Sci., 90, 5718-5722.

Aloimonos, Y. (1995). Qualitative vision. Internatl. J. Computer Vision. 14, 115-117.

Aloimonos, Y., Fermiller, C., and Rosenfeld, A. (1995) Seeing and understanding: Representing
the visual world. ACM Computing Surveys, 27, 307-309.

Alpers, G.W., Gerdes, A.B. (2007). Here is looking at you: emotional faces predominate in
binocular rivalry. Emotion. 7(3), 495-506.

Alpers, G. and Pauli, P. (2006). Emotional pictures predominate in binocular rivalry. Cogn. Emot.,
20, 596-607.

Balcetis, E. (2006). Motivated visual perception: How we see what we want to see. Dissertation
Abstracts Internatl: Sec. B. Sciences and Engineering, 67(7-B), 4153.

Balcetis, E. (2015). Approach and Avoidance as Organizing Structures for Motivated Distance
Perception. Emot. Rev., 8(2), 115-128.

Balcetis, E. and Dale, R. (2003). The eye is not naked: Context clothes visual perception. In Proc.
25th Cog. Sci. Soc. Mahwah, NJ: Lawrence Erlbaum, 109-114.

Balcetis, E. and Dale, R. (2007). Conceptual set as a top-down constraint on visual object
identification. Perception, 36(4), 581-595.

Balcetis, E. and Dunning, D. (2010). Wishful seeing: More desired objects are seen as closer.
Psych. Sci., 21, 147-52.

Berridge, K.C. and Robinson, T.E. (1998). What is the role of dopamine in reward: hedonic impact,
reward learning, or incentive salience? Brain Res. Rev., 28, 309-69.

Bhalla, M. and Proffitt, D. (1999). Visual-motor recalibration in geographical slant perception. J.
Exp. Psych: HPP, 25, 1076-1096.

Bian, Z. and Andersen, G. J. (2013) Aging and the perception of egocentric distance. Psychol. and
Aging, 28, 813-825.

Biederman, I., Mezzanotte, R.J., and Rabinowitz, J.C. (1982). Scene perception: Detecting and
judging objects undergoing relational violations. Cog. Psychol., 14, 143-177.

Bloesch, E. K., Davoli, C. C., Roth, N., Brockmole, J. R., and Abrams, R.A. (2012). Watch this!
Observed tool use affects perceived distance. Psychonomic Bull. and Rev., 19, 177-183.

Boutonnet, B. and Lupyan, G. (2015). Words jump-start vision: A label advantage in object
recognition. J. Neurosci., 32, 9329-9335.

Boyce, S.J. and Pollatsek, A. (1992). Identification of objects in scenes: The role of scene
background in object naming. J. Exp. Psych: LMC, 18(3), 531-543.

Boyce, S.J., Pollatsek, A., and Rayner, K. (1989). Effect of background information on object
identification. J. Exp. Psych: HPP, 15(3), 556-566.

Bugelski, B.R. and Alampay, D.A. (1961). The role of frequency in developing perceptual sets.
Can. J. Psych., 15, 205-211.

10



ACCURATE DISTORTION: PERCEPTION, TRUTH, AND UTILITY

Canfal-Bruland, R. and van der Kamp, J. (2009). Action goals influence action-specific perception.
Psychonomic Bull. and Rev., 16(6), 1100-1105.

Changizi, M. and Hall, W. (2001). Thirst modulates perception. Perception, 30, 1489-1497.

Chomsky, N. (1959). A Review of B. F. Skinner's Verbal Behavior. Language, 35(1), 26-58.

Clune, M., Traynor, R., and Sarnecki, J. (2008). Cue fascination: A new vulnerability in drug
addiction. BBS, 31(4), 458-459.

Cole, S., and Balcetis, E. (2013). Sources of resources: Bioenergetic and psychoenergetic resources
influence distance perception. Soc. Cog., 31, 721-732.

Coren S. and Russell, J.A. (1992). The relative dominance of different facial expressions of emotion
under conditions of perceptual ambiguity. Cog. Emot., 6, 339-356.

Davies, I.R.L., Sowden, P.T., Hammond, S., and Ansell, J. (1994) Expertise at mammography: A
perceptual or conceptual skill? In Medical imaging 1994: Image perception, Proc. SPIE, 2166,
86-94.

Davoli, C.C., Brockmole, J.R., and Witt, J.K. (2012). Compressing perceived distance with remote
tool-use: Real, imagined, and remembered. J. Exp. Psych: HPP, 38, 80-89.

Derggowski, J.B. (2013). On the Miiller-Lyer Illusion in the Carpentered World. Perception, 42(7),
779-792

Egeth, H. and Smith, E.E. (1967). Perceptual selectivity in a visual recognition task. J. Exp. Psych,
74, 543-549.

Eldar S., Yankelevitch R.R., Lamy D., and Bar-Haim, Y. (2010). Enhanced neural reactivity and
selective attention to threat in anxiety. Biol. Psychol., 85(2), 252-257.

Fermuller, C. and Aloimonos, Y. (1995). Direct perception of motion from patterns of visual
motion. Science, 270, 1973-1976.

Fermuller, C. and Aloimonos, Y. (1996). Ordinal representations of visual space. Proc. Image
Understanding Workshop, 897-904.

Fermdller, C., Pless, R. and Aloimonos, Y. (1998) The Ouchi illusion as an artifact of biased flow
estimation. In Technical Report CAR-TR-890. Center for Automation Res., University of
Maryland.

Firestone, C. and Sholl, B.J. (2014). “Top-down” effects where none should be found: The El Greco
fallacy in perception research. Psychol. Sci., 25(1), 38-46.

Fodor, J. (1983). Modularity of Mind. Cambridge, MIT Press.

Frégnac, Y., Shulz, D., Thorpe, S., and Bienenstock, E. (1988). A cellular analogue of visual
cortical plasticity. Nature, 333, 367-370.

Gajewski, D.A., Wallin, C.P., and Philbeck, J.W. (2014). Gaze behavior and the perception of
egocentric distance. J. Vision, 14(1), 1-19

Gilbert, C.D. and Wiesel, T.N. (1992). Receptive-field dynamics in adult primary visual-cortex.
Nature, 356, 150-152.

Girgus J., Rock 1., and Egatz R. (1977). The effect of knowledge of reversibility on the reversibility
of ambiguous figures. Perception and Psychophysics, 22, 550-556.

Goldstein, J. and Davidoff, J. (2008). Categorical perception of animal patterns. Br. J. Health
Psychol., 99, 229-243.

11



R. TRAYNOR

Goldstone, R.L. (1994). Influences of categorization on perceptual discrimination. J. Exp. Psych.,
123, 178-200.

Goldstone, R.L. (1995). Effects of categorization on color perception. Psychol. Sci., 6, 298-304.

Goldstone R.L., Hendrickson A.T. (2010). Categorical perception. Wiley Interdiscip. Rev.
Cognitive. Sci., 1, 65-78.

Gombrich, E. (1960). Art and illusion. Princeton, Princeton University Press.

Gregory, R.L. (1968). Perceptual illusions and brain models. Proc. Royal Soc. Lon. B, 171, 279-
296.

Grosof, D.H., Shapley, R.M. and Hawken, M.J. (1993) Macaque V1 neurons can signal “illusory”
contours. Nature, 365, 550-552.

Kanizsa, G. (1976). Subjective contours. Sci. Amer., 234, 48-52.

Kay, P., and Kempton, W. (1984). What is the Sapir-Whorf hypothesis? Amer. Anthro., 86, 65-78.

Kirsch, W. and Kunde, W. (2013). Visual near space is scaled to parameters of current action plans.
J. Exp. Psych: HPP, 39(5), 1313-1325.

Kok, P., Failing, M.F., and de Lange, F.P. (2014). Prior expectations evoke stimulus templates in
the primary visual cortex. J. Cog. Neurosci., 26, 7, 1546-1554.

Kozbelt, A., Seidel, A., ElBassiouny, A., Mark, Y., and Owen, D. (2010). Visual selection
contributes to artists’ advantages in realistic drawing. Psych. Aesthetics, Creativity, and the Arts,
4(2), 93-102.

Krug, K., Brunskill, E., Scarna, A., Goodwin, G.M., and Parker, A.J. (2008). Perceptual switch
rates with ambiguous structure-from-motion figures in bipolar disorder. Proc. Biol. Sci.,
275(1645), 1839-1848.

Lee, C., Linkenauger, S.A., Bakdash, J.Z., Joy-Gaba, J.A., and Profitt, D.R. (2011). Putting like a
pro: The role of positive contagion in golf performance and perception. PLoS ONE 6(10):
€26016. doi:10.1371/journal.pone.0026016.

Leeper, R. (1935). A study of a neglected portion of the field of learning: The development of
sensory organization. J. Genetic Psych., 46, 41-75.

Li, W., Piéch, V., and Gilbert, C.D. (2004). Perceptual learning and top-down influences in primary
visual cortex. Nat. Neurosci, 7(6), 651-657.

Liberman, Y., Shankweiler, D. Fischer, F.W., and Carter, B.J. (1974). Explicit syllable and
phoneme segmentation in the young child. J. Exp. Child Psych., 18, 201-212.

Linkenauger, S.A., Witt, J.K., and Proffitt, D.R. (2011). Taking a hands-on approach: Apparent
grasping ability scales the perception of object size. J. Exp. Psych: HPP, 37, 1432-1441.

Livingston, K.R., Andrews, J.K., and Harnad, S. (1998). Categorical Perception Effects Induced
by Category Learning. J. Exp. Psych: LMC, 24(3), 732-753.

Loomis, J.M. and Philbeck, J.W. (2008). Measuring spatial perception with spatial updating and
action. In: Ego-space and Action. Klatztky, R.L., Behrmann, M., and McWhinney, B. (Eds). New
York: Taylor and Francis, 1-44.

Long, G.M. and Toppino, T.C. (2004). Enduring Interest in Perceptual Ambiguity: Alternating
Views of Reversible Figures. Psychol. Bull., 130(5), 748-768.

Lotto, R.B., and Purves, D. (1999). The effects of color on brightness. Nature Neurosci., 2, 1010-
1014.

12



ACCURATE DISTORTION: PERCEPTION, TRUTH, AND UTILITY

Lotto, R.B. and Purves, D. (2000). An empirical explanation of color contrast. Proc. Natl Acad.
Sci. USA, 97, 12834-12839.

Lotto, R.B. and Purves, D. (2002). A rationale for the structure of color space. Trends in Neurosci.,
25, 84-88.

Lupyan, G. and Spivey, M.J. (2008). Perceptual processing is facilitated by ascribing meaning to
novel stimuli. Current Bio., 18(10), R410-12.

Lupyan, G., Thompson-Schill, S.L., and Swingley, D. (2010). Conceptual penetration of visual
processing. Psych. Sci., 21(5), 682-91.

Lupyan, G. and Ward, E.J. (2013). Language can boost otherwise unseen objects into visual
awareness. Proc. Natl, Acad. Sci., 110(35), 14196-14201.

Marr, D. (1982) Vision. W.H. Freeman.

Meteyard, L., Bahrami, B., and Vigliocco, G. (2007). Motion detection and motion verbs:
Language affects low-level visual perception. Psychol. Sci., 18, 1007-1013.

Miller, S.M., Gynther, B.D., Heslop, K.R., Liu, G.B., Mitchell, P.B., Ngo, T.T., Pettigrew, J.D.,
and Geffen, L.B. (2003). Slow binocular rivalry in bipolar disorder. Psychol. Med., 33(4), 683-
92.

Morais, J., Cary, L., Alegria, J., and Bertelson, P. (1979). Does awareness of speech as a sequence
of phones arise spontaneously? Cognition, 7, 323-331.

Nagamine, M., Yoshino, A., Miyazaki, M., Takahashi, Y., and Nomura, S. (2009). Difference in
binocular rivalry rate between patients with bipolar | and bipolar 11 disorders. Bipolar Disord.,
11(5), 539-546.

Ngo, T.T., Mitchell, P.B., Martin, N.G., and Miller, S.M. (2011). Psychiatric and genetic studies
of binocular rivalry: an endophenotype for bipolar disorder? Acta Neuropsychiatr., 23, 37-42.
Osiurak, F., Morgado, N., and Palluel-Germain, R. (2012). Tool use and perceived distance: When

unreachable becomes spontaneously reachable. Exp. Brain Res., 218, 331-339.
O’Toole, AJ. and Kersten, D.J. (1992). Learning to see random-dot stereograms. Perception, 21,
227-243.
Ozgen, E., Davies, I. R. L. (2002). Acquisition of categorical color perception: A perceptual
learning approach to the linguistic relativity hypothesis. J. Exp. Psychol. Gen., 131, 477-493.
Pachella, R.G. (1975). The effect of set on the tachistoscopic recognition of pictures. In Attention
and Performance. V. Rabbit, P.M.A. and Domic, S (Eds.) New York, Academic Press, 136-155.

Peterson, M.A. (1986) Illusory concomitant motion in ambiguous stereograms: Evidence for
nonsensory components in perceptual organization. J. Exp. Psych: HPP, 12, 50-60.

Peterson, M.A. and Gibson, B.S. (1991a). Directing spatial attention within an object: Altering the
functional equivalence of structural descriptions. J. Exp. Psych: HPP, 17, 170-182.

Peterson, M.A. and Gibson, B.S. (1991b). The initial identification of figure—ground relationships:
Contributions from shape recognition processes. Bull. Psychonomic Soc., 29, 199-202.

Peterson, M.A. and Hochberg, J. (1983). Opposed-set measurement procedure: A quantitative
analysis of the role of local cues and intention in form perception. J. Exp. Psych: HPP, 9, 183-
193.

Pettigrew, J.D. and Miller, S.M. (1998). A ‘sticky’ interhemispheric switch in bipolar disorder?
Proc. Biol. Sci., 265(1411), 2141-2148.

13



R. TRAYNOR

Philbeck, J.W. and Witt, J.K. (2015). Action-specific influences on perception and post-perceptual
processes: Present controversies and future directions. Psychol. Bull., 141(6), 1120-1144.

Pourtois G., Grandjean D., Sander D., and Vuilleumier, P. (2004). Electrophysiological correlates
of rapid spatial orienting towards fearful faces. Cereb. Cortex, 14(6) 619-633.

Prinz, J. and Seidel, A. (2012). Alligator or squirrel: musically induced fear reveals threat in
ambiguous figures. Perception, 41(12), 1535-1539.

Proffitt, D., Stefanucci, J., Banton, T., and Epstein, W. (2003). The role of effort in perceiving
distance. Psychol. Sci., 14, 106-112.

Pylylshyn, Z. (1980). Computation and cognition: issues in the foundations of cognitive science.
BBS, 3111-169.

Pylyshyn, Z. (1999). Is vision continuous with cognition? The case for cognitive impenetrability
of visual perception. BBS, 22, 341-365.

Pylyshyn, Z. (2003). Seeing and Visualizing: It's Not What You Think. Cambridge, MIT Press.
Rachman, S.J. (2004). Anxiety. New York, Psychology Press.
Rachman, S.J. and Cuk, M. (1992). Fearful distortions. Behav. Res. Ther., 30(6), 583-589.

Rachman, S.J. and Whittal, M. (1989). Fast, slow and sudden reductions in fear. Behav. Res. Ther.,
27(6), 613-620.

Riekki, T., Lindeman, M., Aleneff, M., Halme, A., and Nuortimo, A. (2012). Paranormal and
religious believers are more prone to illusory face perception than skeptics and nonbelievers.
Applied Cog. Psychol., 27(2), 150-155.

Rieser, J.J., Pick, Jr., H.L., Ashmead, D., and Garing, A. (1995). Calibration of human locomotion
and models of perceptual-motor organization. J. Exp. Psych: HPP, 21, 480-497.

Riskind J.H., Moore R., and Bowley, L. (1995). The looming of spiders: The fearful perceptual
distortion of movement and menace. Beh. Res. and Therapy, 33, 171-178.

Rossi V., Pourtois G. (2012). State-dependent attention modulation of human primary visual
cortex: A high density ERP study. Neuroimage, 60, 2365-2378.

Schnall, S., Harber, K., Stefanucci, J. K., and Proffitt, D. R. (2008). Social support and the
perception of geographical slant. J. Exp. Soc. Psych., 44, 1246-1255.

Schnall, S., Zadra, J.R., and Proffitt, D.R. (2010). Direct evidence for the economy of action:
Glucose and the perception of geographical slant. Perception, 39, 464-482.

Shaffer, D.M. and Flint, M. (2010). Escalating Slant. Psychol. Sci., 22(2), 209-211.

Sheth B.R. and Pham, T. (2008). How emotional arousal and valence influence access to awareness.
Vision Res., 48(23-24), 2415-2424.

Shiu, L.P. and Pashler, H. (1992). Improvement in line orientation discrimination is retinally local
but dependent on cognitive set. Perception Psychophys., 52, 582-588.

Silverstein, S.M. and Keane, B.P. (2011) Perceptual organization impairment in schizophrenia and
associated brain mechanisms. Schizophr. Bull., 37(4), 690-699.

Sowden, P.T., Davies, I.R.L., and Roling, P. (2000). Perceptual learning of the detection of features
in X-ray images. J. Exp. Psych: HPP, 26(1), 379-390.

Sowden, P.T., Davies, l.R.L., Rose, D., and Kaye, M. (1996). Perceptual learning of stereoacuity.
Perception, 25, 1043-1052.

14



ACCURATE DISTORTION: PERCEPTION, TRUTH, AND UTILITY

Stadler, M. and Kruse, P. (1995) The function of meaning in cognitive order formation. In
Ambiguity of mind and nature: Multistable cognitive phenomena. Kruse, P and Stadler, M. (Eds).
Springer-Verlag.

Stefanucci, J.K., Gagnon, K.T., Tompkins, C.L., and Bullock, K.E. (2012). Plunging into the pool
of death: Imagining a dangerous outcome influences distance perception. Perception, 41, 1-11.

Stefanucci, J.K. and Proffitt, D.R. (2009). The roles of altitude and fear in the perception of height.
J. Exp. Psych: HPP, 35, 424-438.

Sugovic, M. and Witt, J.K. (2011). Perception in obesity: Does physical or perceived body size
affect perceived distance? Visual Cog., 19, 1323-1326.

Sugovic, M. and Witt, J.K. (2013). An older view on distance perception: Older adults perceive
walkable extents as farther. Exper. Brain Res., 226, 383-391.

Taylor, J.E.T., Witt, J.K., and Sugovic, M. (2011). When walls are no longer barriers: Perception
of wall height in parkour. Perception, 6, 757-760.

Teachman, B.A., Stefanucci, J.K., Clerkin, E.M., Cody, M.W., and Proffitt, D.R. (2008). A new
mode of fear expression: Perceptual bias in height fear. Emotion, 8, 296-301.

Teufel, C., Subramaniam, N., Dobler, V., Perez, J., Finnemann, J., Mehta, P.R., Goodyer, .M., and
Fletcher, P.C. (2015). Shift toward prior knowledge confers a perceptual advantage in early
psychosis and psychosis-prone healthy individuals. Proc. Natl. Acad. Sci., 112, 13401-13406.

Vanlessen N., Rossi V., De Raedt R., and Pourtois, G. (2013). Positive emotion broadens attention
focus through decreased position-specific spatial encoding in early visual cortex: Evidence from
ERPs. Cogn., Affect., and Behav. Neurosci., 13(1), 60-79.

Vanlessen N., Rossi V., De Raedt R., and Pourtois, G. (2014). Feeling happy enhances early spatial
encoding of peripheral information automatically: electrophysiological time-course and neural
sources. Cogn., Affect., and Behav. Neurosci., 14(3), 951-9609.

Vierck, E., Porter, R.J., Luty, S.E., Moor, S., Crowe, M.T., Carter, J.D., Inder, M.L., Joyce, P.R.
(2013). Further evidence for slow binocular rivalry rate as a trait marker for bipolar disorder.
Aust. N.Z. J. Psychiatry, 47(4), 371-379.

von der Heydt, R. and Peterhans, E. (1984). lllusory contours and cortical neuron responses.
Science, 224, 1260-1262.

von der Heydt, R. and Peterhans, E. (1989). Mechanisms of contour perception in monkey visual
cortex. I. Lines of pattern discontinuity. J. Neurosci., 9, 1731-1748.

Voss, A., Rothermund, K., and Brandtstadter, J. (2008). Interpreting ambiguous stimuli: Separating
perceptual and judgmental biases. J. Exp. Soc. Psych., 4(44), 1048-1056.

Wallach, H. and O’Connell, D.N. (1953). The kinetic depth effect. J. Exp. Psych., 45, 205-217.

Weidner, R., Fink, G.R. (2007). The neural mechanisms underlying the Mdller-Lyer illusion and
its interaction with visuospatial judgments. Cereb. Cortex, 17, 878-884.

West G.L., Anderson A.A.K., Ferber S., Pun, C., and Pratt, J. (2011). Electrophysiological evidence
for biased competition in V1 for fear expressions. J. Cog. Neurosci., 23(11), 3410-3418.

Winawer, J., Witthoft, N., Frank, M.C., Wu, L., Wade, A.R., and Boroditsky, L. (2007). Russian
blues reveal effects of language on color discrimination. Proc. Natl. Acad. Sci. U.S.A., 104, 7780-
7785.

Witt, J.K. (2011a). Action’s effect on perception. Current Directions in Psychol. Sci., 20, 201-206.

15



R. TRAYNOR

Witt, J.K. (2011b). Tool use influences perceived shape and perceived parallelism, which serve as
indirect measures of perceived distance. J. Exp. Psych: HPP, 37, 1148-1156.

Witt, J., Linkenauger, S., Bakdash, J., Augustyn, J., Cook, A., and Proffitt, D. (2008). The long
road of pain: Chronic pain increased perceived distance. Exper. Brain Res., 192, 145-148.

Witt, J.K. and Proffitt, D.R. (2005). See the ball, hit the ball. Psychol. Sci., 16, 937-938.

Witt, J.K. and Proffitt, D.R. (2008). Action-specific influences on distance perception: A role for
motor simulation. J. Exp. Psych: HPP, 34, 1479-1492.

Witt, J.K., Proffitt, D.R., and Epstein, W. (2004). Perceiving distance: A role of effort and intent.
Perception, 33, 577-590.

Witt, J.K., Proffitt, D.R., and Epstein, W. (2005). Tool use affects perceived distance, but only
when you intend to use it. J. Exp. Psych: HPP, 31, 880-888.

Witt, J. K., Proffitt, D. R., and Epstein, W. (2010). When and how are spatial perceptions scaled?
J. Exp. Psych: HPP, 36, 1153-1160

Woods, A.J., Philbeck, J.W., and Danoff, J.V. (2009). The various perceptions of distance: An
alternative view of how effort affects distance judgments. J. Exp. Psych: HPP, 35(4), 1104-1117.

16



	Seeing-in-for-action: The cognitive penetrability of perception
	References

