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systems; both vision and taste, as well as movement, are
built on the same principles, as are fish, fowl, and ele-
phants. Of course, retinal disparity and sensitivity to differ-
ences in timing of auditory inputs are quite unique, but
still the AFP model is appropriate for them.

Handel, Hilbert, and Stillman doubt that the across-
fiber pattern model is appropriate for color vision at the
central levels (beyond the receptors); however, these
neurons are as broadly tuned across wavelengths as are
the receptors, and thus fit the AFP model. Sander’s
review of the study of emotions suggests the across-fiber
pattern model’s breadth of application.

Lemon raises the issue of quantifiability as important
for a model. The AFP model is clearly quantifiable,
giving predictions for test (sects. 6 and 7).

Young’s model is based on the idea of economy of neural
resources, so this very important asset is part of the AFP
model (sect. 8).

Predictions are an essential part of a good hypothesis
(sect. R4; sects. 6 and 7). The AFP model is strongly pre-
dictive of a variety of findings. These include the prob-
ability of a continuum underlying the sense of taste (sect.
6.3), denied by Handel and Stillman, but supported by
Sander via the emotions; broad tuning of receptors and
neurons in some nontopographic systems such as taste;
narrow tuning of receptors and neurons in topographic
systems such as location in somesthesis and vision; com-
patibility with a temporal code; and the existence of
types of receptors and afferents in nontopographic modal-
ities such as color and taste. Scott has over time cited the
evidence both for and against typologies as denials of the
across-fiber pattern model (sect. 5.4).

The idea that taste mixtures could be perceived as singu-
lar has been successfully tested (sect. R5.9; sects. 6 and 7).
And Hilbert points out that colors are singular —a
successful prediction from the across-fiber pattern theory.

R10. Misunderstandings about the across-fiber
pattern model

The AFP theory is very largely misunderstood. This is
clearly borne out in the diversity of viewpoints expressed
in the commentaries. I hope that this brief discussion
will provide some clarity.

R10.1. Typologies/groupings

A number of important differences appeared among the
commentaries on the relationships between across-fiber
pattern coding and groupings.

The AFP model is designed for the representation of
information broadly throughout the nervous system, not
just for taste (sect. R58; sect. 8). The general requirement
for typologies in this model derives from the paucity of
receptors or neurons available in nontopographic modal-
ities, such as color vision and taste. Also, the body might
find it too genetically expensive to generate many different
pigments, each specifically or maximally sensitive to only a
very small section of the continuum — or to generate a
receptor for each tasteable listing in the Merck Index.
Thus, the representations of colors and tastes are argued
to employ a few broad and cooperative types of receptors
and neurons.
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On the other hand, in the topographic modalities, there
are very many neurons available to encode the spatial
maps of location across the retina and skin. It would be
anatomically difficult to have each of these be broadly
tuned across the body; for example, a “nose-tip-best”
neuron extending its gradually descending sensitivity
down to the ankles. And, because of the generosity of
neurons, there would be suflicient neural mass generated
by point stimulation of the skin to provide for discrimi-
nation of location (sect. 6.4). For both reasons, groupings
are not called for, and are indeed counter-productive, for
topographic modalities.

Thus, as pointed out from 40 years ago (Erickson 1963;
1968) to the present (Erickson 2000; 2001; and the present
article), the AFP theory is not silent on the issue of typol-
ogies as Scott avers, but instead is very explicit. The intent
is to be sufficiently explicit that the idea can be further
considered and tested.

Di Lorenzo & Chen point out that although groupings
have not been defined or demonstrated (Lavine), it does
not mean that they will not be; certainly true (sect.
8.5.1). But instead of a search for any typology, which
must succeed, I hope that the rationale for groupings
and their definitions will first be sufficiently explicated
that the idea can be tested. Groupings are not contrary
to across-fiber patterning and are the definition of
labeled-line coding (sects. 4.2 and 8.5.1).

Lemon suggests that the AFP theory needs groupings
to get unique patterns of neural activity. But unique pat-
terns underlie all discriminable inputs whether or not
there are groupings. The across-fiber patterns for each dis-
criminable tactile stimulus or auditory frequency are
unique, but there are no groupings of these neurons.

Interestingly, Handel gives a rationale different from
Young’s for the neural typologies in color, and the lack
thereof for auditory tones. He points out that differences
in the physical characteristics of the stimuli demand
three types of color receptors and many types for tones.
The fact that the former is nontopographic and the latter
is topographic leads to the same conclusions from the
AFP theory of taste. How these two disparate orientations
come to the same conclusion is an interesting question.

R10.2. Breadth of tuning

The fact that neurons are broadly tuned is generally
accepted, but it is often a cause of broad concern. It may
be that it is intuitively difficult to see how this breadth is
anything but noise that needs to be silenced.

Di Lorenzo & Chen take this view in their claim that
breadth of tuning results in a loss of information. This is
addressed in section 6.4 where breadth is shown to be
the basis for the subtle coding of large amounts of infor-
mation, and previously, where it was shown that breadth
of tuning causes no loss of information (Erickson 1968,
Fig. 2). In brief, as breadth increases, the neural mass
increases, whereas the neural mass differences — the
basis of discrimination — remain constant (sect. 6.4).
This happens because recruitment of additional neurons
as breadth of tuning increases just compensates for the
loss of neural mass differences obtained from each neuron.

One approach to clearing up the noise, as voiced by
Di Lorenzo & Chen and Fox, is that the nervous
system might interpret all activity in broadly tuned



neurons — whatever stimulus caused it — as representing
their “best stimulus,” making them labeled lines. Similarly,
Stillman defines any well-identified group as representing
labeled lines, even if broadly — tuned, such as color recep-
tors. But even with such blunt tuning, the color receptors
still provide for acuity approaching 1 mp — expected only
in the AFP model.

Scott accepts any narrowly tuned neuron as a labeled
line. He claims that I should admit that this narrowness of
tuning, evident in topographic systems, is an exception to
across-fiber patterning. But the tuning there is still much
too broad to account for the accuracy of tactile localization
(sects. R5.8 and R10.1), as was noted by Adrian, Mountcas-
tle, and Sperry, as well as many others (see Erickson 2001);
each of these scientists saw the need for a version of across-
fiber patterning even for this “narrowly tuned” system.

Both broad and narrow tuning require AFP coding
(sects. 8.4 and 8.5).

R10.3. Color vision

The analogy between the neural coding for color and that
for taste is a fairly common theme among the commenta-
tors. That the form of the neural representation of color
changes from three bell-shaped neural response functions
at the receptor level, to a two (or four) opponent process
representation beyond, causes Handel, Hilbert, and
Stillman to question whether the AFP model could hold
throughout the visual system. The tuning is broadly bell-
shaped in the receptors, and broadly “S”-shaped centrally,
with the Ss lying down across the wavelength dimension,
inhibitory towards one end of the wavelength continuum,
and excitatory towards the other (De Valois 1960).

The important aspect of neural response functions for
color is that they be broad and simple, and indeed this is
their characteristic peripherally and centrally. The AFP
model is not concerned with the shape of the function,
and thus is equivalently competent to represent wave-
length both at the receptor level and beyond. Color is
not the only dimension represented by other than simple
bell-shaped neural response functions; for a review see
Erickson (2001).

R10.4. Temporal codes

Di Lorenzo & Chen criticize the AFP model for exclud-
ing the possibility of temporal coding, and Lemon also
raises this question. However, the across-fiber pattern
model includes temporal coding (sect. 8.5.2; Erickson
2001). On the other hand, and from a more neutral per-
spective, it might have been pointed out that labeled
lines cannot use information in a temporal pattern
because their meaning is defined only by their best stimu-
lus (sect. R5.4). The equation of both labeled lines and
across-fiber patterns as spatial models (sect. R5.6)
glosses over their very substantial differences, and
should not be used to rule out temporal patterns in
across-fiber pattern coding.

R10.5. Quantification

An important asset of the across-fiber pattern model is that
it is inherently quantifiable, for example, in providing pre-
dictions about intensity thresholds, discrimination
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between intensity levels, and discriminability among
different tastants (sect. 6.4). But Lemon suggests that
some stimuli present rather similar across-fiber patterns
that are not compatible with their perceptual distinctness.
For example, although HCI and QHCI can be easily discri-
minated, the across-fiber patterns they produce are not as
distinct as that caused by many other pairs of stimuli.
There may be two issues here. On the one hand, these
stimuli are similar in eliciting avoidance, and thus some
similarity in their across-fiber patterns might be expected.
On the other hand, they are motivationally charged
stimuli, encouraging a high level of behavioral differen-
tiation between them when needed. Gallo’s data on the
rat’s ability to pick out individual taste cues in a mixture
suggests that quinine and HCI might be highly discrimi-
nated when this is demanded. Whatever the case, the
across-fiber pattern model lays itself open to tests of its
quantitative estimates of the differences between stimuli.

R11. Questions and comments about the
experiment

This article is intended to advocate for hypotheses and
basic terms that are sufficiently clear that they can be
properly tested. Such a control study is offered to make
the possibility of tests clear (sect. 7). This preliminary
study is intended more to encourage other more fulsome
studies than to settle the questions asked.

Several commentaries on this study suggest that there is
a strong tendency to accept the basic taste idea rather than
to test it. For example Booth, and Di Lorenzo & Chen,
as well as others who previously viewed the article, point
out that I should not have claimed that the nonbasic
tastes could account for the various comparison stimuli;
instead, I should have acknowledged that these tastes
are effective only because they are composed of the
basic tastes. This criticism assumes the validity of the
basic tastes idea while testing it! It suggests that control
experiments are not called for because we know the basic
tastes idea is true! But, by the neutral position required
in this situation, it could as well be claimed that the
basic stimuli are only effective because they are composed
of the innately effective nonbasic stimuli (sect. 7.10). This
demonstrates that the basic tastes idea does, in fact, exert
strong control over our research and understanding of
taste. It is so strong, that there is evidently no desire to
perform the required control tests.

Di Lorenzo & Chen state that, because the accounting
by the basic tastes was not total, I infer other tastes. I do
not mean to suggest this. Instead, I suggest that there
may be a lack of clarity in tastes that limits complete
accountings (sect. 7.7.2). And I suggest that a “completion
effect” may interfere with the strength of any accounting
seen (sect. 7.8, and the Appendix).

Di Lorenzo & Chen also cite the common view that
the variety of words offered by the subjects in the exper-
iment to describe the tastants (sect. 7.7.3) indicates that
nongustatory inputs (thermal, tactile, etc.) give these
tastants their distinguishing character; they are simply
composites of the basics adulterated by nontaste inputs.
It may be that this defense of the basic position is used
more often than the missing facts might indicate, and
should be examined in each case rather than assumed.
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Logue suggests that the basic tastes idea is supported
by the data because the basic taste stimuli (but not the
basic words) are better than the nonbasic stimuli. But
the definition of basic tastes (sect. R5.2) is that they, and
only they, totally account for other stimuli. Then the
model fails because (a) the accounting by the basics is
not total; in fact, the basic words do rather poorly, and
(b) the nonbasic stimuli are rather effective — they cer-
tainly do not lie along the baseline as good nonbasics
should. Also, she points out a fault that the data were
not treated statistically; but the definition of basics is absol-
ute rather than statistical, as noted by Hilbert; what stat-
istical tests would be appropriate?

Hilbert correctly points out that the protocol using
words has no real control. However, the use of the basic
words and stimuli as equivalent agents of the basic taste
model permeates the literature, so they might well be
compared as in this experiment. Still, I agree with his com-
plaint, and hope the efficiency of a variety of words and
stimuli to account for different tastes receives further
study in unbiased, controlled settings.

R12. The “across-fiber pattern” term

Lemon uses the term “across-neuron pattern” and
Warren uses “cross-fiber pattern,” both evidently refer-
ring to the same idea as in “across-fiber pattern” — but
I am not at all certain about this. And a number of other
terms outside the field of taste are being used that prob-
ably have the same meaning as “across-fiber pattern,”
such as “combinatorial” coding in olfaction, and others
(sect. 8.4.2). T suggest that to the extent that several
terms refer to the same idea, it would be helpful to use
the same term. This would also have the beneficial effect
of requiring stringent definitions of each of these terms
to determine if they do indeed refer to the same idea.

I would like to clarify my role in the across-fiber pattern
model. Logue attributes the term “across-fiber pattern” to
Pfaffmann (1941). Although he discussed the implications
of patterns of activity in parallel neurons (1959), Pfaff-
mann did not claim that term. Throughout his career he
was primarily concerned with the meaning of activity in
broadly tuned “best stimulus” neuron types, which he con-
sidered to be labeled lines (Pfaffmann 1978; Pfaffmann
et al. 1976; 1979). This idea was developed further by
his student, Frank. My role was to realize the great
strength and broad applicability of the across-fiber
pattern idea, to realize that it had been discovered by
many scientists in many or all neural systems since
Young — and continues to be discovered, and advocated
that it be given one name to the extent to which it is
indeed one idea (Erickson 1963; 1968; 1974; 1978;
1982a; 1984b; 2001).

R13. Conclusion

The commentaries reinforce my view that we are indeed in
the grip of the obscure and overshadowing idea of basic
tastes; this gray eminence directs our research and
thought whether we are aware of it or not. We clearly do
not know what this core concept means, but we are so
comfortable with it we do not want to raise any questions.
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We certainly have not tested it, even though testing of the
core hypotheses — as distinct from data collection — is an
absolutely essential part of science. But if someone
thought to test it, how would they start? They would
face the basic problems Hanig (sect. 3.1) and Henning
(sect. R2; sects. 4.1.3 and 6.3) faced; what stimuli other
than the basics could they use, and against what other
hypothesis would they test it? “But what else could we
do?” should not be a problem, but a realization of the
necessity to search for a clear direction.

Such issues, which I have tried to emphasize for over 40
years, appear of little interest to researchers in taste; for
example, although the across-fiber pattern theory is
clear, no definitions for “basic tastes” have been forthcom-
ing, or even concern shown. But if anyone is indeed
concerned, I have a suggestion. Someone could start an
on-line Gustopedia. Someone might offer a testable
hypothesis, or a definition, or a statement of how one defi-
nition or level might relate to another. Another person
could add their constructive comments. Studies from
other areas of science could add perspective. The
expression of differences would be most useful. Eventually
some clarity could evolve to provide the firm basis
required of any science.
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