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Mirror reversal simply explained
without recourse to psychological processes
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This paperproposes a simple and definitive solution to
the mirror reversal problem, "Why does a mirror reverse
left and right but not up and down?" The solution is given
by combining the inversion caused by the optical process
of mirroring and the definition of the left-right axis.
Thus the left-right reversal of mirror images essentially
does not involve psychological processes, in contrast to the
multiprocess hypothesis recently proposed by Takano.

Takano (1998) has proposed a multiprocess hypothe
sis to answer the mirror reversal problem, "Why does a
mirror reverse left and right but not up and down?" In
this problem, the mirror assumed is a single, plane ~ir

ror. His hypothesis has a difficulty, as will be descnbed
in the next section. With respect to the different hypothe
ses that have appeared in the past literature and to the
criticisms of them, the reader should consult Takano's
paper and Gregory's (1996) book.. ...

The present paper describes a new, Simple, definitive
solution to the problem. The solution derives from the in
version caused by the optical process of mirroring and
the definition ofthe left-right axis. Thus the left-right re
versal of mirror images essentially does not involve psy
chological processes, in agreement with Gregory's argu
ment but in sharp contrast to the multiprocess hypothesis.

A Difficulty in the Multiprocess Hypothesis
Takano (1998) has considered only two ofthe infinitely

many orientations of an object with respect to a mirror.
Namely, his analysis has been limited to the object that
faces or is located sideways to the mirror. Then he con
cludes that reversal emerges psychologically for the for
mer orientation, whereas it occurs optically for the latter.
At what intermediate orientation is the psychological
cause replaced by the optical? The multiprocess hypoth
esis does not seem to give an answer to this question. We
here assert that this is a major defect of the multiprocess
hypothesis.

We are grateful to Y. Takano, the author of the multiprocess hy
pothesis, and J. Kokame, professor emeritus of the University of
Tokyo, for their kind communication and discussion. Thanks are due
1. H. Hubbell for his useful comments in improving the text. Corre
spondence should be addressed to T. Tabata, Institute for Data Evalu
ation and Analysis, 198-51Kami, Sakai, Osaka 593-8311, Japan (e-mail:
tttabata@pearl.ocn.ne.jp).

Preparation for the Solution
Wewill begin the derivation ofour solution with the fol

lowing statement, which has been acknowledged by most
authors who have studied the present problem:

1. A mirror reverses the direction ofan object along the
axis perpendicular to the mirror in producing its image.

Here and later in this paper, the word object is used to
mean anything that can exhibit left-right reversal. Such
a directional change as that described in the statement
above causes a structural difference between the object and
its mirror image (see, e.g., Gardner, 1964, 1990):

2. The directional reversal in Statement 1 changes an
asymmetric object into its enantiomorph (this change is
called inversion, and the structural relation between the
object and its mirror image is called enantiomorphism).

Statements 1 and 2 describe a purely physical phe
nomenon of inversion caused by mirroring, and similar
explanations can be found in the textbooks ofoptics (see,
e.g., Hecht, 1998; Meyer-Arendt, 1~94). To as~ist the
reader's understanding, we will explain the meamngs of
these statements by resorting to some examples.

Statement 1 means the following: When you are facing
a mirror, your front-back axis is reversed in your image,
which is facing you. However, the other two axes orthog
onal to the front-back axis and each other (i.e., the top
bottom I and left-right axes ofyour body) are not reversed
in your image with respect to the external world. W.he.n
you are standing on the mirror, your top-bottom axis IS
reversed in your image, which is standing on its head, but
the remaining two ofyour mutually orthogonal axes are not
reversed in your image with respect to the external world.

Statement 2 means that the examples above can be
paraphrased as follows: In the first example, your mirror
image has the structure of your body, which has suffered
such a physical transformation that the front ofyour body
has pushed back through to the other side.? In the second
example, your image suggests that your body has und~r

gone a similar transformation along the top-bottom axts.
Comparison ofthe two images in these examples shows

that the structures of the images are the same. This is ex
plained by the fact that the enantiomorph is obtained from
an object by the reversal of any arbitrary axis (Bennett,
1970; Block, 1974).3 This characteristic of enantiornor
phism can be understood by noting that the mirror image
ofthe left hand, for example, has the structure of the right
hand irrespective of its orientation relative to the mirror.'
Because of the generality of this fact, we can say:

3. The reversed structure ofthe mirror image (i.e., the
enantiomorph) can be interpreted as having been obtained
by the reversal of the object along any arbitrary axis.

In spite ofthis arbitrariness, however, we find this: Ifyou
have a watch around your left wrist, both of the mirror
images in the aforementioned examples have one around
the right wrist. Namely, both of the images are observed
to be left-right reversed, irrespectively ofthe optical trans-
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formation axis. This reversal of the inherent left-right
axis occurs not only for the images in the two different
orientations of these examples, but also for the image of
any object in any orientation with respect to the mirror.>
The fundamental reason for this universal occurrence of
left-right reversal is what we describe below.

Statement 3 and the observation in the paragraph above
reduce the mirror reversal problem to finding the solu
tion to this question: Why, in the recognition ofan enantio
morph, is the left-right axis the axis that is reversed by
inversion among other possible axes? Gardner attributed
the reason to verbal convention stemming from our bilat
eral symmetry. Though some authors have supported this
explanation (Bennett, 1970; Corballis & Beale, 1976;
Hofstadter & Dennett, 1981), we think that there is a
stronger reason.

Solution
We note the following fact related to the definition of

left and right:
4. The left-right axis ofan object (or its mirror image)

is determined by a specific 3-D relation with respect to
the top-bottom and front-back axes inherent in the ob
ject (or its mirror image), after the latter two axes have
been determined by the use of externally observable
asymmetry as a criterion for the sense of axes,"

The essence of this statement is that left and right can
not be defined until the top-bottom and front-back axes
have been defined. Consider how we define left and right
in a car, for example, even without being conscious ofthe
definition above. A car does not have a heart by which
most of us can remember its left side. A steering wheel
may be on the left or right, depending on the traffic laws
of a country. However, the top-bottom and front-back
axes of the car are evident from its shape. We first align
these directions (at least in our imagination) with those
of our bodies, and then find the left and right of the car.
The left and right of a mirror image are determined sim
ilarly by treating the image like a real object. Further ev
idence for the fact of definition given above will be pre
sented in the next section. With regard to the "specific
3-D relation" in Statement 4, different prescriptions
equivalent to each other can be made, and an example
will also be given in the next section.

The topside of an object is commonly defined as the
side located upward? in its natural posture. Concerning
the front-back direction, Mayo (1958) gave three criteria
for its determination: The front direction is (I) the di
rection of"facing" or "looking," (2) the direction of nor
mal movement, or (3) the direction of the object normally
facing the viewer. "Externally observable asymmetry" in
Statement 4 is meant to include all reasonable clues and
criteria to determine the sense of the top-bottom and
front-back axes. Without any asymmetry, we can hardly
define which is the front end, for example, of a streetcar
that is standing still. Only when the street car is running
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can movement break symmetry, so that we can define its
front-back direction.f

When Statements 1-3 are considered together with
Statement 4, we reach the following conclusion:

5. Among the top-bottom, front-back, and left-right
axes, the first two cannot be reversed because of their
preceding determination from external asymmetry. Con
sequently, the left-right axis has to be identified as the axis
reversed in inversion by mirroring.

For example, the topside of a person's image is defined
by his or her head, and the front side, by his or her face. We
cannot really imagine one's head as defining the bottom of
the top-bottom axis or one's face as defining the back of
the front-back axis. No matter how the body is optically
transformed, the head is taken to define the top and the
face is taken to define the front. To determine the left or the
right ofthe inherent left-right axis, by contrast, we rely not
on any asymmetry along this axis but on the predetermined
top-bottom and front-back axes. Namely, the left-right
axis is a derivative axis that is defined only after the other
two axes have been defined. Thus the reversal that has pro
duced the enantiomorph is necessarily attributed to the
left-right axis independently of the orientation of the per
son with respect to the mirror. We can apply a similar ex
planation also for alphanumeric characters and other objects
(see note 5). Thus Statements 1-5 give a solution to the mir
ror reversal problem in every conceivable case.

Discussion
One of the most general definitions of the word left

(adjective) found in dictionaries is the following:

I. on or towards the side of the human body which is to the
west when facing north. 2. on or towards the part of an ob
ject which is analogous to a person's left side or (with op
posite sense) which is nearer to a spectator's left hand.

(Thompson, 1995)

The simple phrase facing north in Definition I means
that the human stands in the natural manner (this defines
the top-bottom axis) with the front side directed to the
north (this refers to the front-back axis). Thus this de
scription implies that the top-bottom and front-back axes
have to be predetermined, supporting Statement 4. It also
gives an example of the "specific 3-D relation" referred
to in the same statement. This subordination of the left
right axis is thought to have originated from the approx
imate bilateral symmetry of humans, animals, and many
man-made things, as Gardner (1964, 1990) has described.

The necessity of the predetermination of the top
bottom and front-back axes is also evident from the fol
lowing. Consider a spherical or a cylindrical object with
out any pattern or mark on its surface. Such an object has
neither the top-bottom axis nor the front-back axis inher
ent in it, so that we cannot speak ofits left-right axis either.

In his review of the mirror reversal problem, Gregory
(1996) asks how the asymmetric result of left-right re-
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versal arises from a mirror, which is optically symmetric
for the exchange of the left-right and top-bottom axes.
However, he does not give a satisfactory answer to this
question. The present solution indicates that the asym
metry in the definition between left-right and top-bottom
axes is the source of the asymmetric result.

Either the precedence of top-bottom and front-back
in the determination of the three axes or other, similar
concepts havealready been mentioned by Bennett (1970),
Takano (1998), Block (1974), and Takizawa(1964). How
ever, the first two authors did not apply this principle to
the full explanation of the mirror reversal problem, and
the statements of the latter two authors are not explicit in
this regard. Bennett's main theme was enantiomorphism,
and he used the definition of left and right only to ex
plain the relation ofan object and its enantiomorph; with
respect to the mirror reversal problem, he simply accepted
Gardner's verbal convention hypothesis. Takano adopted
the order of axis determination only to explain the rota
tion ofthe representational frame about a vertical axis in
a class ofreversal. Block wrote an example of specifying
the right side ofan arbitrary object that had a bottom and
a front, and concluded that the left-right reversal by a
mirror was due to a difference between the two types of
direction, thus failing to mention explicitly the crucial
point made here. In the solution section of his textbook
on algebra and geometry, Takizawa gave a short expla
nation only for the latter halfof the mirror reversal prob
lem ("Why does a mirror not reverse up and down?") and
mentioned that the left-right axis was determined after
the front-back axis but that the top-bottom axis was de
termined independently of the front-back axis. Because
of the brevity of his explanation, it is not clear whether
he had the same solution as ours concerning the first half
of the problem or whether his solution was similar to
Gardner's verbal convention hypothesis.

The present solution has been derived only from the
optical process ofproducing the enantiomorph ofan ob
ject (i.e., inversion) and the definition of the left-right
axis; it is applicable to any orientation of the object with
respect to the mirror. This derivation does not indicate that
the left-right reversal of the mirror image involves psy
chological processes in an essential manner." This is in
agreement with Gregory's (1996) statement that "mirror
reversal is not a psychological turnabout, or a problem
of description," but it is in sharp contrast to Takano's
multiprocess hypothesis. Though his paper includes im
portant criticisms ofthe past literature, Takano's hypoth
esis is too restrictive, and it is complicated by psycho
logical processes that are unnecessary.
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NOTES

1. We use top and bottom instead of up and down. The reason is as
follows: "Up and down" as well as "left and right" in the mirror reversal
problem are considered to refer to the directions inherent in the object
or its mirror image. Thus "top and bottom" is more appropriate than
"up and down."

2. John Wixted (personal communication, 1999) suggested this ex
planation. Richard Feynman denied a similar explanation and arrived
at a conclusion different from ours, as quoted by Gleick (1992), "We
cannot image ourselves 'squashed' back to front, so we imagine our
selves turned left and right, as if we had walked around a pane ofglass
to face the other way. It is in this psychological turnabout that left and
right are switched." Criticizing Feynman's words, Gregory ( 1996)
wrote, "We generally appear squashed rather flat in a photograph,"
adding that psychological turnabout might not be entirely clear. Inter
estingly, Sin-Itiro Tomonaga, who shared the 1965 Nobel Physics Prize
with Feynman and Julian Schwinger, also discussed the mirror rever
sal problem with his colleagues in his young days, and they thought
that the top-bottom and front-back axes had absoluteness in a "psy
chological space" (Tomonaga, 1965).

3. The reversal of all three orthogonal axes at the same time (this
procedure is called parity operation in physics) also produces an enan
tiomorph.

4. If one does not like the words left and right in the explanation of
enantiomorphs, one may consider mirroring one of Bennett's boxes, A
and B (Bennett, 1970; Corballis & Beale, 1976). These are essentially
the same rectangular parallelepipeds, with a minor difference. Both A
and B have a corner sliced off, but the location of the sliced-off corner
of B is next to the corner that corresponds to the sliced-off corner of A
to make A and B enantiomorphs (a drawing of the boxes may be found
in the references given above).

5. We do not commonly speak of inherent left or right for alphanu
meric characters, but "the right of a character" means the side of the char
acter nearer to "our" right side when we face it. However, we can as
sign the inherent left-right axis also for alphanumeric characters and
other objects for which we do not do so conventionally. This assignment
makes the present explanation applicable to such objects too. The in
herent left and right are simply the right and left conventionally spo
ken of for such objects.

6. For an alphanumeric character, the front-back axis of the sheet or
the surface layer on which the character is written is regarded as the
front-back axis referred to in Statement 4.

7. The up-down axis is meant here as an axis of a framework at
tached to the thing external to the object in consideration. In most cases,



the external thing is the earth and "up" is away from the center of the
earth (Block, 1974). When an object is an alphanumeric character,
however, we more often have to consider our field of vision instead of
the earth, because we put a sheet of paper horizontally for reading char
acters on it.

8. "Externally observable asymmetry" is mostly along the axis that
we are going to define, but there are exceptions. When the object is the
vertically symmetric character D or E, for example, we do not define its
top and bottom by vertical asymmetry (because there is no such asym
metry), but we compare its two-dimensionally asymmetric pattern
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with its standard image, which has the predetermined top-bottom axis
in our memory.

9. One of the reviewers of the present paper suggested that the psy
chological process of mental rotation studied by Shepard and Metzler
(1971) plays a role in apprehending the left-right reversal of a mirrored
object. However, the authors consider that the apprehension of left
right reversal and reversal itself are different things.
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revision accepted for publication April 28, 1999.)


