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          The notion of illusion as a discrepancy between physical stimulus and percept (here referred to as illusiond, as long as merely this "error" is meant) is unable to capture the four very different cases in which illusions can arise. The observer may or may not be aware of the discrepancy, and its magnitude may be large or small. I argue that the special case of small error paired with awareness deserves special attention. Only in this case does the observer readily see the illusion, since it becomes manifest (referred to as illusionm). Illusionm is a meaningful category even in cases where illusiond cannot be determined. Illusionsm of apparent motion and illusions of intuitive physics are solicited.
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  1 The concept of illusion
	Axel Kohler points out that illusions understood as discrepancy between physical stimulus and percept (illusiond) have inspired progress in the history of experimental psychology. At first glance, this seems to be rather obvious. However, to define a discrepancy, one must have two comparable measures of the same thing. But this is often not the case. Take a given lamp that looks very dim to us during the day but blindingly bright at night. How bright is the stimulus really? We are unable to determine which of the two cases is more illusoryd. The perceiver does not normally notice the illusiond. Apparent motion, in contrast, which has been a very influential paradigm, is more than mere illusiond. By differentiating illusions into illusiond and illusionm, I am able to point out a strange inconsistency between the amount of error contained in an illusion and the perceptual conspicuity of this error. I argue that there are four varieties of discrepancy between physical stimulus and the related percept (illusiond). They can be grouped by the size of the discrepancy and the degree of awareness (see Figure 1). First, there are more or less subtle discrepancies that are ubiquitous and go unnoticed most of the time. In rare occasions, and usually triggered by a revealing piece of contradiction, they are noticed (illusionm). The second variety consists of very large discrepancies, such as found in many intuitive physics examples. For instance, a water surface may look fine even if it extends impossibly at a large angle from the horizontal. For instance, when asked to draw the surface level that water assumes in a tilted beaker, observers err as if they did not know that water remains parallel to the ground. And the more expert they become at avoiding spills, the larger the error becomes. Experienced bartenders produce the largest errors (see Hecht & Proffitt 1995). The perception of relational properties discussed in the target article falls into this category. Here the perceptual error can be enormous and still go unnoticed. Typically, we need to consult physics books and learn about a physical stimulus before we are convinced that our perception is erroneous. When conceiving of illusion as mere illusiond, we fail to honor the special case of illusionm. Illusionsd are ubiquitous. As a matter of fact, the core discipline of sensory psychology—psychophysics—can be thought of as the formal description of how a physical stimulus differs from its percept. It does so all the time. Illusionsm are a special case. They may warn the organism about where adjustments to the perceptual system are necessary in order to avoid potentially dangerous misjudgments. Or they may just be occasions where the perceptual system fails to suppress the perceptual process that has lost out in the competition to resolve the underspecification problem.



2 Apparent motion (AM)
	I thank Axel Kohler for bringing up AM (apparent motion) as an example of how seminal an illusion can be for research. I do concur that it continues to be a fascinating phenomenon. However, I believe that AM did not fascinate Wertheimer (1912) because it is an illusiond, but rather because it is predominantly an illusionm. Note that the timing has to be just so (i.e., a particular combination of on-times and ISI, inter-stimuli-intervals) in order to perceive what he called phi-motion: perfectly smooth motion practically indistinguishable from real motion. Most of his experiments and demonstrations have in fact worked with suboptimal cases in which the perceived motion is bumpy or faint. In all these other cases of AM, the illusory nature of the percept becomes manifest. The bistable quartet is another beautiful case of an illusionm. The mere fact that the percept can flip at will shows the illusionm to be manifest.
[image: Image - figure001.jpg]Figure 1: Varieties of illusions.
	As an aside, the Gestalt laws can be understood as an attempt to describe how the percept emerges from the given physical stimulus. But note that while the percept is always different from the physical stimulus, it should not be thought of as illusory just because it is the outcome of a Gestalt process. When I said that Gestalt psychologists have “avoided the term illusion” I was not expecting anyone to count the occurrences of the term in Wertheimer's 1912 paper. He did use the term. I stand corrected. Note, however, that he put the term “Täuschung” in quotation marks the first time he used it, well aware that the phenomenal experience of motion is what makes the Gestalt, regardless of how it relates to the physical stimulus. 
	Another revealing aspect of AM is its power to reveal the extent to which world-knowledge is factored into our perception, unconsciously and the more so the less well-defined the stimulus. Let us consider a classic AM-display in which two rectangles at two locations and at different orientations are shown in alternation. Whenever the ISI is short (say 100ms), we see one rectangle moving on a straight path and changing its orientation concurrently. If, however, the ISI is lengthened (to, say, 500ms), then the AM-path curves (see McBeath & Shepard 1989; Hecht & Proffitt 1991). The phenomenal quality of this motion is rather ephemeral. We immediately see that the motion is not distinct but fraught with uncertainty. When choosing intermediate ISI, and forcing observers to make up their minds, some observers will see the rectangle curve and others will see it move along a straight path. And when the display remains unchanged but the area between the rectangles is shaded, then the rectangle appears to move along the shaded path. Thus, one can direct the motion of the rectangle along almost arbitrary paths (e.g., Shepard & Zare 1983). Such demonstrations reveal that the very notion of error or discrepancy between physical stimulus and percept becomes shaky. It seems rather arbitrary whether the researcher considers only the rectangles to be the relevant stimulus or also considers the background to be part of the stimulus. In these AM displays, the visual system appears to make sense of the entire display, not just the two moving rectangles.



3 The case for illusionm 
	Such resolution of the underspecification problem can even annihilate an existing illusiond. Consider the sophisticated AM display we encounter when going to the movies. And let us take the old-fashioned kind, where the projection screen is black most of the time, only interrupted 24 times a second by a very brief flash of a stationary picture. Smooth motion is perceived. Here, the observer is typically unaware of the illusiond, but what is perceived is actually closer to the original scene than to the movie that was made from it. We might even entertain the idea that there is no illusiond, since the percept is very close to the original scene that was filmed. Now, calling apparent motion illusoryd when dealing with artificial or computer-generated stimuli, but veridical when dealing with a movie, does not seem to make much sense. This is because, in a very deep sense, the visual system has no way of distinguishing between actual motion and snapshot motion. The hardware we use to detect motion is built such that it is unable to differentiate between the two. Basically, the detector for motion is designed such that successive excitations of the receptive fields of two motion-sensitive neurons lead to the impression of motion. These Reichardt/Hassenstein detectors (Hassenstein & Reichardt 1956) are discrete; they cannot tell the difference between continuous and stroboscopic motion (see e.g., Hecht 2006). Note that this holds for phi-motion but falls apart when ISI or duty cycle are changed.
[image: Image - figure002.jpg]Figure 2: Simultaneous color contrast: The orange and the yellow squares are of the same respective color in the panel on the left and on the right.
	Let us now look at an example from the color domain to further challenge the notion of illusiond. The phenomenon of color constancy lets us perceive the same color even if the ambient lighting changes dramatically. We see an object as blue regardless of whether the room is lit by a neon light or by sunlight. It would not make sense to call the percept of “blue” an illusiond under neon light when the ambient lighting is such that the object mainly reflects wave lengths of say 500 nm and to call it veridical when it is lit by sunlight such that the dominant wavelength is 450 nm. In both cases, the object appears blue. We cannot determine in principle which of the two cases deserves the name illusiond, if any, or if both deserve to be called illusiond. In contrast, when the two cases are juxtaposed, an illusionm becomes manifest. In Figure 2, the center inner square surrounded by red on the left and the outer squares surrounded by yellow on the right are of an identical color, as becomes manifest when occluding the surrounds. Thus, illusionm becomes apparent, but illusiond cannot be defined in any meaningful way.



4 Conclusion
	In sum, the role of illusions in vision research has historically been very important. The beginnings of experimental psychology have attempted to measure illusionsd in terms of the discrepancy or error between physical stimulus and percept. I have attempted to show that this error is neither substantial enough to serve as a definition of illusion, nor particularly fascinating. Instead, illusionsd are as ubiquitous as they are typically unnoticed or indeterminate. In contrast, the cases that engage our imagination usually are manifest illusionsm. The latter can be defined even in cases where it is not meaningful to speak of illusiond. 



References
Hassenstein, B. & Reichardt, W.  E. (1956). Systemtheoretische Analyse der Zeit-, Reihenfolgen- und Vorzeichenauswertung bei der Bewegungsperzeption des Rüsselkäfers Chlorophanus. Zeitschrift für Naturforschung, 11b, 513-524. 
Hecht, H. & Proffitt, D.  R. (1991). Apparent extended body motions in depth. Journal of Experimental Psychology: Human Perception and Performance, 17 (4), 1090-1103. 10.1037/0096-1523.17.4.1090
—  (1995). The price of expertise: Effects of experience on the water-level task. Psychological Science, 6 (2), 90-95. 
Hecht, H. (2006). Zeitwahrnehmung als Bewegungswahrnehmung. In N. Mewis & S. Schlag (Eds.) Zeit (pp. 61-78). Mainz, GER: Leo-Druck.
McBeath, M.  K. & Shepard, R.  N. (1989). Apparent motion between shapes differing in location and orientation: A window technique for estimating path curvature. Perception & Psychophysics, 46 (4), 333-337. 
Shepard, R.  N. & Zare, S.  L. (1983). Path-guided apparent motion. Science, 220 (4597), 632-634. 
Wertheimer, M. (1912). Experimentelle Studien über das Sehen von Bewegung. Zeitschrift für Psychologie, 61 (1), 161-265. 

OEBPS/images/figure002.jpg













                                 Apache License

                           Version 2.0, January 2004

                        http://www.apache.org/licenses/



   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION



   1. Definitions.



      "License" shall mean the terms and conditions for use, reproduction,

      and distribution as defined by Sections 1 through 9 of this document.



      "Licensor" shall mean the copyright owner or entity authorized by

      the copyright owner that is granting the License.



      "Legal Entity" shall mean the union of the acting entity and all

      other entities that control, are controlled by, or are under common

      control with that entity. For the purposes of this definition,

      "control" means (i) the power, direct or indirect, to cause the

      direction or management of such entity, whether by contract or

      otherwise, or (ii) ownership of fifty percent (50%) or more of the

      outstanding shares, or (iii) beneficial ownership of such entity.



      "You" (or "Your") shall mean an individual or Legal Entity

      exercising permissions granted by this License.



      "Source" form shall mean the preferred form for making modifications,

      including but not limited to software source code, documentation

      source, and configuration files.



      "Object" form shall mean any form resulting from mechanical

      transformation or translation of a Source form, including but

      not limited to compiled object code, generated documentation,

      and conversions to other media types.



      "Work" shall mean the work of authorship, whether in Source or

      Object form, made available under the License, as indicated by a

      copyright notice that is included in or attached to the work

      (an example is provided in the Appendix below).



      "Derivative Works" shall mean any work, whether in Source or Object

      form, that is based on (or derived from) the Work and for which the

      editorial revisions, annotations, elaborations, or other modifications

      represent, as a whole, an original work of authorship. For the purposes

      of this License, Derivative Works shall not include works that remain

      separable from, or merely link (or bind by name) to the interfaces of,

      the Work and Derivative Works thereof.



      "Contribution" shall mean any work of authorship, including

      the original version of the Work and any modifications or additions

      to that Work or Derivative Works thereof, that is intentionally

      submitted to Licensor for inclusion in the Work by the copyright owner

      or by an individual or Legal Entity authorized to submit on behalf of

      the copyright owner. For the purposes of this definition, "submitted"

      means any form of electronic, verbal, or written communication sent

      to the Licensor or its representatives, including but not limited to

      communication on electronic mailing lists, source code control systems,

      and issue tracking systems that are managed by, or on behalf of, the

      Licensor for the purpose of discussing and improving the Work, but

      excluding communication that is conspicuously marked or otherwise

      designated in writing by the copyright owner as "Not a Contribution."



      "Contributor" shall mean Licensor and any individual or Legal Entity

      on behalf of whom a Contribution has been received by Licensor and

      subsequently incorporated within the Work.



   2. Grant of Copyright License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      copyright license to reproduce, prepare Derivative Works of,

      publicly display, publicly perform, sublicense, and distribute the

      Work and such Derivative Works in Source or Object form.



   3. Grant of Patent License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      (except as stated in this section) patent license to make, have made,

      use, offer to sell, sell, import, and otherwise transfer the Work,

      where such license applies only to those patent claims licensable

      by such Contributor that are necessarily infringed by their

      Contribution(s) alone or by combination of their Contribution(s)

      with the Work to which such Contribution(s) was submitted. If You

      institute patent litigation against any entity (including a

      cross-claim or counterclaim in a lawsuit) alleging that the Work

      or a Contribution incorporated within the Work constitutes direct

      or contributory patent infringement, then any patent licenses

      granted to You under this License for that Work shall terminate

      as of the date such litigation is filed.



   4. Redistribution. You may reproduce and distribute copies of the

      Work or Derivative Works thereof in any medium, with or without

      modifications, and in Source or Object form, provided that You

      meet the following conditions:



      (a) You must give any other recipients of the Work or

          Derivative Works a copy of this License; and



      (b) You must cause any modified files to carry prominent notices

          stating that You changed the files; and



      (c) You must retain, in the Source form of any Derivative Works

          that You distribute, all copyright, patent, trademark, and

          attribution notices from the Source form of the Work,

          excluding those notices that do not pertain to any part of

          the Derivative Works; and



      (d) If the Work includes a "NOTICE" text file as part of its

          distribution, then any Derivative Works that You distribute must

          include a readable copy of the attribution notices contained

          within such NOTICE file, excluding those notices that do not

          pertain to any part of the Derivative Works, in at least one

          of the following places: within a NOTICE text file distributed

          as part of the Derivative Works; within the Source form or

          documentation, if provided along with the Derivative Works; or,

          within a display generated by the Derivative Works, if and

          wherever such third-party notices normally appear. The contents

          of the NOTICE file are for informational purposes only and

          do not modify the License. You may add Your own attribution

          notices within Derivative Works that You distribute, alongside

          or as an addendum to the NOTICE text from the Work, provided

          that such additional attribution notices cannot be construed

          as modifying the License.



      You may add Your own copyright statement to Your modifications and

      may provide additional or different license terms and conditions

      for use, reproduction, or distribution of Your modifications, or

      for any such Derivative Works as a whole, provided Your use,

      reproduction, and distribution of the Work otherwise complies with

      the conditions stated in this License.



   5. Submission of Contributions. Unless You explicitly state otherwise,

      any Contribution intentionally submitted for inclusion in the Work

      by You to the Licensor shall be under the terms and conditions of

      this License, without any additional terms or conditions.

      Notwithstanding the above, nothing herein shall supersede or modify

      the terms of any separate license agreement you may have executed

      with Licensor regarding such Contributions.



   6. Trademarks. This License does not grant permission to use the trade

      names, trademarks, service marks, or product names of the Licensor,

      except as required for reasonable and customary use in describing the

      origin of the Work and reproducing the content of the NOTICE file.



   7. Disclaimer of Warranty. Unless required by applicable law or

      agreed to in writing, Licensor provides the Work (and each

      Contributor provides its Contributions) on an "AS IS" BASIS,

      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

      implied, including, without limitation, any warranties or conditions

      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A

      PARTICULAR PURPOSE. You are solely responsible for determining the

      appropriateness of using or redistributing the Work and assume any

      risks associated with Your exercise of permissions under this License.



   8. Limitation of Liability. In no event and under no legal theory,

      whether in tort (including negligence), contract, or otherwise,

      unless required by applicable law (such as deliberate and grossly

      negligent acts) or agreed to in writing, shall any Contributor be

      liable to You for damages, including any direct, indirect, special,

      incidental, or consequential damages of any character arising as a

      result of this License or out of the use or inability to use the

      Work (including but not limited to damages for loss of goodwill,

      work stoppage, computer failure or malfunction, or any and all

      other commercial damages or losses), even if such Contributor

      has been advised of the possibility of such damages.



   9. Accepting Warranty or Additional Liability. While redistributing

      the Work or Derivative Works thereof, You may choose to offer,

      and charge a fee for, acceptance of support, warranty, indemnity,

      or other liability obligations and/or rights consistent with this

      License. However, in accepting such obligations, You may act only

      on Your own behalf and on Your sole responsibility, not on behalf

      of any other Contributor, and only if You agree to indemnify,

      defend, and hold each Contributor harmless for any liability

      incurred by, or claims asserted against, such Contributor by reason

      of your accepting any such warranty or additional liability.



   END OF TERMS AND CONDITIONS



   APPENDIX: How to apply the Apache License to your work.



      To apply the Apache License to your work, attach the following

      boilerplate notice, with the fields enclosed by brackets "[]"

      replaced with your own identifying information. (Don't include

      the brackets!)  The text should be enclosed in the appropriate

      comment syntax for the file format. We also recommend that a

      file or class name and description of purpose be included on the

      same "printed page" as the copyright notice for easier

      identification within third-party archives.



   Copyright [yyyy] [name of copyright owner]



   Licensed under the Apache License, Version 2.0 (the "License");

   you may not use this file except in compliance with the License.

   You may obtain a copy of the License at



       http://www.apache.org/licenses/LICENSE-2.0



   Unless required by applicable law or agreed to in writing, software

   distributed under the License is distributed on an "AS IS" BASIS,

   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

   See the License for the specific language governing permissions and

   limitations under the License.
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