lysosomes and F/F-ATP synthase in mito-
chondria) are present in the plasma mem-
brane of endothelial cells.

Raul Martinez-Zaguilan
Department of Physiology, Texas Tech University,
3601 4th Street, Lubbock, TX 79430, USA. E-mail:
phyrmz@physiology.ttuhsc.edu
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Moser’s paper identifies the alpha and beta
subunits of F;-ATP synthase on the surface
of endothelial cells as binding to angio-
statin, which is a potent anti-angiogenic
factor. While this finding is indisputably
noteworthy, it is perplexing that both the
authors and the reporter imply that the en-
zyme is used to actually synthesize ATP.
There are a couple of problems with this
hypothesis. First, as described in both arti-
cles, it is assumed that the direction of pro-
ton flow is from intracellular to extracellu-
lar. This will simply not work. The proton
motive force (PMF), which could theoreti-

- cally be coupled to ATP synthesis, contains
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terms for both the concentration and elec-
trochemical gradients for protons. The ex-
tracellular pH of most tumors is acidic and
the intracellular pH relatively alkaline; the
concentration gradient favors proton entry
(I). Similarly, the negative membrane po-
tential also favors proton entry. The orien-
tation of the pump (head outside) is there-
fore contrary to the direction of proton
flow in order for ATP to be synthesized in
this fashion. Consequently, this enzyme ei-
ther invokes a novel mechanism to couple
proton movement to ATP synthesis, or the
subunits are fulfilling some other function
on the surface of endothelial cells.

Robert J. Gillies
Arizona Cancer Center, Tucson, AZ 85724-5024,
USA. URL: www.biochem.arizona.edu/gillies_lab/
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Climbing and Cliff Ecology -

We are writing on behalf of the Access
Fund (a climber’s conservation and advoca-
Cy organization) to express concern regard-
ing Kevin Krajick’s article “Scientists—and
climbers—discover cliff ecosystems”
(News Focus, 12 Mar., p. 1623). We feel
that Krajick presented only one side of the
story with regard to climbing and cliff ecol-
ogy. For example, Krajick points out that
“the recognition of cliff life is so new, few
parks have gotten around to making rules.”
However, he does not mention that
where “rules” such as access restrictions
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for climbing have
been established to
protect sensitive cliff-
dwelling species, and
where these are cou-
pled with education
and outreach, there is
widespread compli-
ance by climbers. For
example, the Access
Fund has details of
ecologically based
climbing restrictions
at 94 locations, some
of which have been in
effect for more than
two decades. Most are
enforced on public
lands, and all were established through the
cooperation of climbers and land managers.

Furthermore, while there have been few
published studies that have directly mea-
sured the impact of climbing on cliff
systems (/), rock-climbers themselves,
through their support of the Access Fund,
have contributed financial support toward
this field of research for the past 10 years.
This includes the studies by Nuzzo (2) and
four new partnership projects in 1999. In
addition, the Access Fund is often ac-
knowledged in other published work for
providing advice and support. Unfortu-
nately, these commitments to cooperation
and to the advancement of our understand-
ing of cliff systems are not well reflected
in Krajick’s article.

As scientists continue to explore cliff
systems and as this information is passed
along to land managers, the climbing com-
munity should be involved at each step so
that appropriate education, resource pro-
tection, and recreational use can be estab-
lished. We encourage interested parties to
contact the Access Fund for information
about climbing-related management plans
or the possibility of small-dollar grants to
support cliff-related research.

Climbers at Pinna-
cles National Mon-
ument, California.

Pat Jodice
Kath Pyke

Sam Davidson
The Access Fund, P.O. Box 17010, Boulder, CO
80308, USA. E-mail: info@accessfund.org
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Having climbed more than 35 years, and
twice in Joshua Tree Park, I would like to
point out that cliff-climbing routes are
generally restricted to very narrow vertical
paths because they follow faults and
cracks that provide hand- and footholds.
Generally, less than 1 percent of the rocks
are actually trod on. This would not lead to

climbers “taking out” an entire species.
Congressional acts that created parks
emphasized use and conservation for fu-
ture users, which has resulted in many more
citizens who appreciate wilderness and who
promote conservation. Trying to lock up the
wilderness—or the top of a pinnacle at
Joshua Tree—for ideological reasons is
shortsighted, not to mention unfair to users.
Warren G. Guntheroth

Department of Pediatrics, University of Washing-
ton School of Medicine, Seattle, WA 98195, USA

Do Infants Learn Grammar
with Algebra or Statistics?

The report “Rule learning by seven-
month-old infants” by G. F. Marcus et al.
(1 Jan., p. 77) adds to a growing body of
evidence concerning the remarkable learn-
ing abilities of infants. This evidence indi-
cates that children acquire much more
knowledge of language from experience
than one might assume (/). However, the
conclusion by Marcus et al. that the in-
fants had learned rules rather than merely
statistical regularities is unwarranted.

In the experiments in the report by
Marcus et al., infants were familiarized
with sequences of syllables that con-
formed to patterns such as ABB or AAB
(for example, “wo fe fe” versus “wo wo
fe”). They were then tested on sequences
containing different syllables that either
matched these patterns or not. Infants pre-
ferred (2) novel sequences that violated
the pattern to which they had been pre-ex-
posed, and so were said to have learned the
rule governing the sequences’ “grammar.”
This conclusion rests on the fact that the
test sequences contained novel syllables;
thus, the infants could not have learned
anything about their statistical properties.
However, these “grammatical rules” creat-
ed other statistical regularities. AAB, for
example, indicated that a syllable would be
followed by another instance of the same
syllable and then a different syllable. Thus,
in the pretraining phase, the infant was ex-
posed to a statistical regularity governing
sequences of perceptually similar and dif-
ferent events. The report’s discussion fo-
cused on what the infants could learn
about the particular syllables used in train-
ing, but there is no reason to deny these in-
fants the capacity to learn these same-dif-
ferent contingencies.

There is also no reason to deny connec-
tionist neural network models for this capac-
ity. In our view, the goal of modeling is to
understand children’s behavior by endowing
networks with the same capacities and expe-
riences as children. The networks that Mar-
cus et al. studied were not provided with ei-
ther, so it is not unexpected that they be-
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haved differently. A 7-month-old child has
already developed a rich representation of
the structure of acoustic and speech events
on the basis of several thousand hours of
exposure to examples, including the “novel”
test syllables. In the model used by Marcus
et al., in contrast, there was no knowledge
of the structure of utterances, no exposure
to these syllables, and no way to represent
phonological similarity.

A model with the same kinds of capac-
ities and experiences as infants will per-

“"Wo fe fe” or “wo wo fe"?

form in a similar manner. To demonstrate
this, we implemented a simple model (3),
which is not a general account of all as-
pects of the phenomena, but serves to il-
lustrate that the limitations that Marcus et
al. described are not intrinsic to all con-
nectionist models.

Rather than showing that rule learning is
“there from the start” (4), the findings in
Marcus et al.’s report indicate that infants are
able to encode multiple types of statistical
regularities. This feat places them squarely
on the path toward acquiring a central aspect
of the adult’s linguistic competence (5).

Mark S. Seidenberg
Neuroscience Program, University of Southern
California, Los Angeles, CA 90089-2520, USA. E-
mail: marks@gizmo.usc.edu

Jeff L.Elman
Department of Cognitive Science, University of Cal-
ifornia, San Diego, La Jolla, CA 92093-0515, USA
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Marcus ef al. report that 7-month-old infants
learned language tasks that required rule
learning. They also state that these tasks are
not learnable by statistical algorithms, in-
cluding simple recurrent networks (SRNs).
This statement is not correct.

After noting that some stimuli could be:
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learned statistically (such as those used in
experiment 1 in the report), Marcus et al.
used a refined phoneme set (for their experi-
ments 2 and 3). The fact that they assumed
that the refined phoneme set was not statis-
tically learnable indicates that their experi-
mental paradigm was based on binary fea-
ture representations. For instance, vowel
height (7, 2) would be represented by two
features, +/~high and +/~low. However, if
one adopts a continuous vowel height as in
the cardinal vowel scale (English low, mid-
dle, and high vowels would be rep-
resented by 0.00, 0.67, and 1.00),
statistical algorithms can accom-
plish the learning (3).

I conducted computer simula-
tions with the use of a variant of
SRN with continuous vowel height
and place of articulation (POA) (3,
4). In all cases, as expected, the
network made larger prediction er-
rors with the inconsistent sentences
(3). These results suggest that the
report’s experimental design does
not exclude the possibility that
children used a statistical learning strategy. I
agree with Marcus et al. that standard SRNs
cannot generalize learned rules to novel in-
dependent features; however, SRNs can ap-
ply learned mappings [for example, f (x, y)
= x] to novel real values.

Michiro Negishi
Department of Cognitive and Neural Systems,

Boston University, Boston, MA 02215, USA. E-
mail: negishi@cns.bu.edu
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edu/pub/mnx/sci.html.
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helps the learning in experiment 1 in the report, but
not in experiments 2 and 3, comes from sonority
scale [section 6.2 in (2)] and the distribution of ejec-
tives and implosives []. Greenberg, Int. J. Am. Lin-
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Marcus et al. propose that 7-month-old in-
fants, when listening to speech, can extract
abstract algebraic rules “that represent rela-
tionships between placeholders...such as ‘the
first item X is the same as the third item
Y’....” Marcus et al. refer to an earlier re-
port, “Statistical learning by 8-month-old in-
fants” (13 Dec. 1996, p. 1926), in which Saf-
fran et al. showed that infants of like age ab-
stracted statistical relationships from speech
in order to segment words. These two reports
ascribe to infants (among other cognitive
achievements) two powerful means to ac-
quire language: associative and rule-learning
procedures. However, the evidence for alge-
braic rule learning in the report by Marcus et
al. is open to serious question.
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Marcus et al. state (note 18 in the re-
port), “In principle, an infant who paid at-
tention only to the final two syllables
[words] of each sentence could distinguish
the AAB grammar from the ABB grammar
purely on the basis of reduplication....”
We would add that this is a strong possibil-
ity, in that syllables were separated by 250-
millisecond pauses and each three-syllable
sentence was separated by a 1-second
pause. Moreover, there is evidence that 7-
month-old infants can discriminate objects
by means of the abstract relations, same or
different (7). Marcus er al. then state, in
note 18, “but [the infants] could not have
succeeded in the experiment of Saffran er
al” in demonstrating “word” segmentation
if they had been using a strategy of redu-
plication. Consequently, Marcus ef al. ap-
parently did not explore or eliminate this
possibility in their own studies of rule
learning. This comparison, however, is
highly problematic—there are important
differences in procedural details between
these two studies. Saffran er al. presented
their infants with frequently repeated, ran-
domly ordered sequences of four trisyllab-
ic “words.” There was, moreover, no pause
between syllables or between words, and
the syllables were coarticulated, making it
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highly unlikely, and perhaps impossible,
that only the final two syllables of each
word were perceived as the final two sylla-
bles of each sentence, as they might have
been in the studies of Marcus et al.

A control study of the following nature is
needed to begin to eliminate the strategy of
reduplication as one that infants could be us-
ing: familiarize infants with an AAB sentence
format and test with new sentences with BAB
and AAB formats. If there 1s a preference for
the novel format despite the unchanging ar-
rangement of the final two syllables, as would
be expected had infants acquired an algebraic
rule, there would then be support for the con-
clusion made by Marcus et a/l. Until such con-
trol experiments are performed, we cannot
conclude that infants at the age at which word
segmentation has been evidenced are also able
to acquire an algebraic rule.

Peter D. Eimas
Department of Cognitive and Linguistic Science,
Brown University, Providence, Rl 02912, USA. E-
mail: peter-eimas@brown.edu
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Response
Eimas suggests an additional control to
rule out the possibility that infants could

have relied only on the final two syllables.
Although we maintain that such a control
could bear only on the question of which
rules an infant can learn, rather than the
question of whether an infants could learn
rules (because the generalization of identi-
ty itself requires a rule that holds for all in-
stances in a class), we are grateful for the
suggestion. We have now run that control,
and the results (/) are consistent with our
previous findings.

The other two letters state that various
modifications of the simple recurrent net-
work can handle our results, but no such
network provides a genuine, empirically
adequate alternative to our proposal. Sei-
denberg and Elman present a model that
can capture our data, but only by resort-
ing to a technique that Elman has criti-
cized elsewhere (2): the incorporation of
an all-knowing “external teacher” that
provides the network with information
that is not otherwise available in the envi-
ronment. As we noted in our report, and
as Negishi acknowledges in his letter, the
standard version of the simple recurrent
network—which uses a “predication task”
that does not depend on information that
is not directly available in the environ-
ment—does not succeed in generalizing
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our ABA or ABB patterns to novel words
(3). Seidenberg and Elman appear to
abandon (without comment) the usual
“predication task” version of the network
model in favor of a different kind of mod-
el, in which an external teacher decides
whether each pair of successive words is
identical. Such information is not “direct-
ly observable from the environment” (4);
instead, it is provided by an external
teacher (built by Seidenberg and Elman)
that itself builds in an algebraic rule. Be-
cause, in the human, that external device
must be something inside the child rather
than something provided by the environ-
ment, Seidenberg and Elman have not
gotten rid of the rule; they have simply
hidden it (5).

We find Negishi’s model to be more
interesting. Negishi points out, quite
rightly, that an SRN that uses real num-
bers rather than binary encoding can cap-
ture our results. Why should that be the
case? As we noted in our report, “algebra-
ic” rules are “open-ended abstract rela-
tionships for which we can substitute arbi-
trary items.”” Models that use real-number
encoding use their nodes as variables and
incorporate operations that treat all in-
stances of a given variable equally. In oth-
er words, rather then presenting an alter-
native to rules, such devices wind up im-
plementing them (6).

This is a subtle point, perhaps best un-
derstood in a comparison (3) between two
models, one that represents numbers as
sets of discrete binary features, and anoth-
er that represents numbers as analog val-
ues, such as the identity function men-
tioned by Negishi, f(x) = x. Neither archi-
tecture is inherently superior: Models that
represent inputs as sets of nonarbitrary
discrete features can capture transitional
probabilities between words such as
would be present in the experiments in the
1996 report by Saffran et al., but cannot
freely generalize the identity relationships
that underlie our studies; models that use
nodes as registers can freely generalize
identity relationships, but cannot capture
the transitional probabilities between
words that underlie the experiments in
that report. In some broad sense, both ar-
chitectures might be characterized as “sta-
tistical,” but the two architectures are suit-
ed to different problems.

Our results, in tandem with those of
Saffran et al., suggest that infants are ca-
pable of discerning both rules and transi-
tional probabilities. As we said in our re-
port (note 24), we aimed “not to deny the
importance of neural networks but rather
to try to characterize what properties the
right sort of neural network architecture
must have.”
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CORRECTIONS AND CLARIFICATIONS

Throughout Constance Holden's article “Dis-
pute over a legendary fish” (News of the
Week, 2 Apr., p. 22), the word “Comptes” in
the title of the French journal Comptes Ren-
dus de I’Académie des Sciences was spelled
incorrectly.

The photo at the upper right on page 1623
of the issue of 12 March was of climbers at
Pinnacles National Monument in California,
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