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unwise to claim that human cognitive plasticity is totally dis-
continuous from that of other species.

5.12. Brain

Gmding: Connectionism: Best
ACT-R: Worse

Classical connectionism, as advertised, presents a strong
position on how the mind is implemented in the brain. Of
course, there is the frequently expressed question of
whether the brain that classical connectionism assumes
happens to correspond to the human brain. Assumptions of
equipotentiality and the backprop algorithm are frequent
targets for such criticisms, and many nonclassical connec-
tionist approaches take these problems as starting points for
their efforts.

There is a partial theory about how ACT-R is instantiated
in the brain. ACT-RN has established the neural plausibil-
ity of the ACT-R computations, and we have indicated
rough neural correlates for the architectural components.
Recently completed neural imaging studies (Anderson et
al. 2003; Fincham et al. 2002; Sohn et al. 2000) have con-
firmed the mapping of ACT-R processes onto specific brain
regions (e.g., goal manipulations onto the dorsolateral pre-
frontal cortex). There is also an ACT-R model of frontal pa-
tient deficits (Kimberg & Farah 1993). However, there is
not the systematic development that is characteristic of
classical connectionism. While we are optimistic that fur-
ther effort will improve ACT-R’s performance on this crite-
ria, it is not there yet.

6. Conclusion

Probably others will question the grading and argue that
certain criteria need to be re-ranked for one or both of the
theoretical positions. Many of the arguments will be legiti-
mate complaints, and we are likely to respond by either de-
fending the grading, or conceding an adjustment in it. How-
ever, the main point of this target article is that the theories
should be evaluated on all 12 criteria, and the grades point
to where the theories need more work.

Speaking for ACT-R, where will an attempt to improve
lead? In the case of some areas like language and develop-
ment, it appears that improving the score simply comes
down to adopting the connectionist strategy of applying
ACT-R in depth to more empirical targets of opportunity.
We could be surprised, but so far these applications have
not fundamentally impacted the architecture. The efforts to
extend ACT-R to account for dynamic behavior through
perception and action yielded a quite different outcome. At
first, ACT-R/PM was just an importation, largely from
EPIC (Meyer & Kieras 1997) to provide input and output
to ACT-R’s cognitive engine. However, it became clear that
ACT-R’s cognitive components (the retrieval and goal
buffers in Fig. 1) should be redesigned to be more like the
sensory and motor buffers. This led to a system that more
successfully met the dynamic behavior criterion and has
much future promise in this regard. Thus, incorporating the
perceptual and motor modules fundamentally changed the
architecture. We suspect that similar fundamental changes
will occur as ACT-R is extended to deal further with the
brain criterion.

Where would attention to these criteria take classical
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connectionism? First, we should acknowledge that it is not
clear that classical connectionists will pay attention to these
criteria or even acknowledge that the criteria are reason-
able. However, if they were to try to achieve the criteria, we
suspect that it would move connectionism to a concern with
more complex tasks and symbolic processing. We would not
be surprised if it took them in a direction of a theory more
like ACT-R, even as ACT-R has moved in a direction that is
more compatible with connectionism. Indeed, many at-
tempts have been made recently to integrate connectionist
and symbolic mechanisms into hybrid systems (Sun 1994;
2002). More generally, if researchers of all theoretical per-
suasions did try to pursue a broad range of criteria, we be-
lieve that distinctions among theoretical positions would
dissolve and psychology will finally provide “the kind of en-
compassing of its subject matter — the behavior of man —
that we all posit as a characteristic of a mature science”
(Newell 1973, p. 288).

NOTE

1. The complete list of published ACT-R models between
1997 and 2002 is available from the ACT-R home page at:
http://act-r.psy.cmmu.edu/
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Abstract: Newell wanted a theory of cognition to abide by some explicit
criteria, here called the Newell Test. The test differs from the Turing Test
because it is explicit. The Newell Test will include the Turing Test if its
characterization of cognition is complete. It is not. Its use here is open-
ended: A system that does not pass it well invites improvement.

Alan Newell asserted that an adequate theory of a functioning sys-
tem of human cognition should abide by some explicit criteria, and
he offered a list of such criteria. The list includes characteristics
such as flexible, adaptive behavior; possession of a vast knowledge
base; and the ability to integrate knowledge, use a natural lan-
guage, and learn. The target article authors say that, although this
list is not complete, it certainly is “enough to avoid theoretical my-
opia” (sect. 1, para. 2). Hardly: Myopia is the outcome of the claim
for knowledge of natural languages and learning sufficient to per-
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mit decision as to whether a given theory of cognition captures
them adequately. We just do not know that much as yet.

The authors say that the criteria deserve “greater scientific
prominence.” They therefore try to “evaluate theories by how well
they do in meeting” the criteria (sect. 1, para. 4). This may be pre-
mature. Whether it is, depends on the merit of Newell’s idea more
than on its applications. So, it requires examination. What the au-
thors call the Newell Test is a test not of Newell’s idea but of the
theories that should agree with it — provided that it is valid. Is it?
How are we to judge this? (The claim that a characterization of “a
functioning system of human cognition” is possible, is significant
for those who plan to realize it. The claim and the plan pertain to
studies of artificial intelligence that are no longer popular. See
Agassi 1988, reprinted in Agassi 2003.)

Anderson & Lebiere (A&L) apply Newell’s Test to two new ideas
that are controversial, so the application cannot be such a test.
Hence, their work is begging the question: Some test of it is re-
quired to show that it deserves a “greater scientific prominence.”

“Newell is calling us to consider all the criteria and not pick and
choose the ones to consider” (sect. 2.8). This remark renders the
whole venture too questionable. The authors make it a propos dis-
cussion of the criterion of consciousness.

Newell acknowledged the importance of consciousness to a full account
of human cognition, although he felt compelled to remark that “it is not
evident what functional role self-awareness plays in the total scheme of
mind.” We too have tended to regard consciousness as epiphenome-
nal . .. (sect. 2.8)

This is very shaky. Whether consciousness is or is not epiphenom-
enal is a red herring: It is an empirical fact that in many cases cog-
nitive conduct differs depending on whether it is accompanied
with consciousness or not, and the question may arise, should a
system emulating human consciousness reflect this fact? Impor-
tantly, Turing’s celebrated idea of the Turing Test is designed to
avoid this question altogether.

The authors examine two sets, classical connectionism and
ACT-R. Classical connectionism is a computerized version of be-
haviorism. (For the claim that connectionism is unscientific, see
Agassi 1988, reprinted in Agassi 2003.) ACT-R is “a theory of cog-
nition,” “a subsymbolic activation-based memory” able “to inter-
act with a symbolic system of production rules”; the “R” in ACT-
R “denotes rational analysis™ (sect. 4.1, first para.). The two sets,
then, are artificial intelligence or expert-systems programs. The
authors report a claim that classical connectionism passes the Tur-
ing Test. Presumably they disagree. The same holds for ACT-R.
“ACT-R, except for its subsymbolic limitations, is Turing equiva-
lent, as are most production systems” and “(proof for an early ver-
sion of ACT appears in Anderson 1976)” (sect. 5.1, para. 2). This
is a bit cryptic; I will explain the difference between the Turing
and the Newell Tests in the following paragraph.

The Turing Test was meant to render the mind-body problem
empirically decidable. Were there a computer program that could
fool an expert, Turing suggested, then it would be empirically in-
distinguishable from humans, and so the attribution to humans of
ametaphysical soul would be redundant. (For a critique of this test,
see Agassi 1992.) Because Newells criteria depict human charac-
teristics, any interlocutor who can pass the Turing Test should cer-
tainly possess them, because the inability to exhibit any human
characteristic the like of which Newell mentions would expose the
impostor. And yet, the Turing Test is implicit and Newell’s Test is
explicit. This permits finding a partial success in passing the Newell
Test. But, to be an explicit version of the Turing Test, the Newell
Test must refer to a complete list of characteristics. We do not have
this, and the Turing Test may be preferred just because it leaves
this task to the experts who wish to test the humanity of their
enigmatic interlocutor. Consequently, a Turing Test can never be
decisive: Both expert and programmer can improve on prior situ-
ations and thus deem failure a merely temporary setback. True, the
Turing Test is generally deemed possibly decisive, and, being a
thought-experiment, actually decisive. Some writers, notably Dan-
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iel Dennett, claim that only exorbitant costs prevent the construc-
tion of a machine that will pass the Turing Test. That machine,
then, should certainly be able to pass the Newell Test with flying
colors. It is a pity that A&L do not refer to this claim and expose it
as a sham. If they are anywhere close to being right, they should be
able to do so with ease. (See Agassi & Laor 2000, pp. 556-62.)

The interesting aspect of the target article is that it is open-
ended: Whenever the system A&L advocate, which is ACT-R,
does not pass the examination as well as they wish, they recom-
mend trying an improvement, leading to a retest. They should ob-
serve that such a move may be two-pronged. They refer to the im-
provement of the ability of a program to abide by the theory of
flexibility; adaptive behavior; and the ability to integrate knowl-
edge, use a natural language, and learn. They should not ignore
the need to improve on these theories. When they refer to natural
languages or to learning, they view the connectionist idea of them
as more satisfactory than that of ACT-R, because it is more com-
plete. Yet, whatever completeness is exactly, it is not enough: We
seek explanations, and so to accept axiomatically what we want to
understand is not good enough. We still do not know what a nat-
ural language is and how we learn; and we do not begin to under-
stand these. Let me end with an insight of David Marr that should
not be forgotten. Emulation is helpful for the understanding but
is no substitute for it; sometimes, the very success of emulation,
Marr observed, renders it less useful than a problematic one. We
want understanding, not mere emulation. (See Marr 1982, p. 253
and Agassi 1987, p. 410.)
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Abstract: The notion of functionality is appropriately central to the
Newell Test but is also critical at a lower level, in development of cogni-
tive sub-theories. I illustrate, on one hand, how far this principle is from
general acceptance among verbal theoreticians, and, on the other hand,
how simulation models (here implemented within ACT-R) seem to drive
the functional question automatically.

Anderson & Newell (A&L) have been carrying integrative cogni-
tive theory, in shifts, for the past 30 years or so (if one goes back
to Newell 1973). We are fortunate that Anderson is young; for-
mulating dichotomous questions — seeing the trees but not the
forest — may be the modal tenure procedure in psychology de-
partments today, but perhaps in another generation it will be ac-
ceptable not to conduct new experiments at all but simply to in-
tegrate old data into increasingly complete computational models.

In the meantime, how can we avoid theoretical myopia in our
daily research? Applying the Newell Test is well and good once a
decade or so, with that many years’ interim progress available to
assess it. In terms of the next chunk of publishable research, how-
ever, it’s useful to have more immediate guidance.

Central to the Newell Test is the idea of functionality: A theory
has to explain how the cognitive system accomplishes some par-
ticular function. Among the Newell Test criteria, this function is
high level, related in some relatively direct way to the fitness of
the organism. However, as one develops micro-theories within a
larger theory, functionality is still a relevant question; one can ask,
for each process within a model, what it is for. Its outputs could,
for example, be necessary inputs for another process in a chain
that leads ultimately to accomplishing the task at hand. Or, one
could ask whether each behavioral measure reflects a distinct
process at all; perhaps it reflects a side effect of some other func-
tionally necessary process. In both cases, it is difficult if not im-
possible to address the functional question without a precise rep-
resentation of the processes one is talking about. In practice, this
implies a computational simulation.
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