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We investigated the hypothesis that two well-studied brain systems (see
Feinberg & Farah, 1997) underlie the lexicon/grammar dichotomy (Ullman
et al., 1997). In this view, frontal/basal-ganglia circuitry implicated in the
learning and expression of motor and cognitive skills also underlie the acqui-
sition and use of grammatical rules, and temporal-lobe circuits implicated
in the learning and use of factual (conceptual) knowledge also underlie the
learning and use of memorized words. The hypothesis predicts co-occurring
word/rule and fact/skill double dissociations in patients with damage to one
or the other system and similar degrees of impairment to words and facts
and to skills and rules.

Lexicon and grammar, and conceptual and motor skill knowledge, were
probed in patients with Parkinson’s disease (PD) or Alzheimer’s disease
(AD). PD is associated with frontal/basal-ganglia damage, which may ex-
plain PD impairments at learning new and expressing established motor
skills and at syntactic processing. In contrast, in (low-demented) PD patients
there is typically little damage to temporal-lobe structures, and word and
fact use remain relatively spared. AD is associated with temporal-lobe dam-
age, which may explain AD impairments at learning new words and facts
and at using established ones. In contrast, there is a relative sparing of
frontal/basal-ganglia structures, learning new and using established motor
and cognitive skills, and syntactic processing (see Feinberg & Farah, 1997).

Testing for grammar/lexicon dissociations has been problematic, because
tasks probing lexicon and grammar usually differ in ways other than their
use of the two capacities. Therefore grammar and lexicon were probed with
English regular and irregular past tense. Regular forms (e.g., play–played)
require an -ed-suffixation rule, whereas irregulars (dig–dug) undergo largely
arbitrary transformations and are memorized in the lexicon. Crucially, regu-
lars and irregulars are matched in complexity (one word), meaning (past),
and syntax (tensed) (Pinker, 1991).
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A previous study of regular and irregular past-tense processing in PD and
AD patients probed motor skills with a task requiring skilled movement and
facts with a fact retrieval task (Ullman et al., 1997). The predicted regular/
irregular double dissociations and regular/skill and irregular/fact associa-
tions were obtained. However, the tasks probing skill and fact use differed
in multiple ways other than the skill/fact distinction, precluding direct com-
parisons of the two types of knowledge.

In the present study the skill/fact distinction was tested by asking subjects
to name pictures of two types of objects: (1) tools and other manipulated
objects and (2) natural and man-made objects that are not normally manipu-
lated. Knowledge of both types depends upon factual information (e.g., what
a tool is used for), but only manipulated objects involve motor skill knowl-
edge (i.e., how to use them). The naming of both object types has been linked
to temporal-lobe structures, but only naming tools is associated with left
frontal motor regions (e.g., Damasio et al., 1996; Martin et al., 1996).

Method. Twenty-six low-demented PD and 21 AD patients were asked to
produce past tenses of 16 irregular, 20 regular, and 20 novel (plag–plagged)
verbs and to name pictures of 22 manipulated objects (e.g., pencil) and of
20 natural and man-made objects that are not normally manipulated (e.g.,
beaver, house). They were also asked to carry out skilled movements with
left and right limbs and to orally retrieve factual knowledge about the real
world.

Results. Across the 26 PD patients, right-side motor skill deficits corre-
lated significantly with errors inflecting novel and regular (p � .01) but not
irregular (n.s.) verbs (in all correlations, dementia scores partialed out and
p values one-tailed). Novel and regular verb inflection correlated with perfor-
mance at naming manipulated (p � .05) but not nonmanipulated (n.s.) ob-
jects. In contrast, irregular verb inflection correlated with performance at
naming both object types (p � .005).

Across the 24 AD patients, fact-retrieval deficits correlated significantly
with errors inflecting irregulars (p � .05), but not regulars or novel verbs
(n.s.). Irregular verb inflection correlated with naming errors of both object
types (p � .05), whereas regular and novel verb errors correlated with neither
(n.s.). The lack of a correlation between -ed suffixation and manipulated
object naming suggests that the variance in the latter in AD is better ex-
plained by its dependence on conceptual than on motor skill knowledge, as
is indeed confirmed by the correlation between manipulated object naming
and fact retrieval (p � .05).

Subsets of the PD patients with the most severe right-side motor skill
deficits, and of the AD patients with the most severe fact-retrieval deficits,
were selected for further analysis. For these subsets, interactions were found
between PD/AD, on the one hand, and Regular/Irregular Inflection, Novel/
Irregular Inflection, and Manipulated/Nonmanipulated Object Naming on
the other (p � .05). The PD patients made more errors at producing regular
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and novel verbs than irregular verbs and at naming manipulated than non-
manipulated objects. The AD patients showed the opposite pattern.

Conclusion. The results link grammatical rule use in -ed suffixation to
motor skill expression, to motor skill knowledge in naming tools, and to left
frontal/basal-ganglia circuits. They link memorized word use in the produc-
tion of irregular past tense forms to fact retrieval, to conceptual knowledge
in naming objects, and to temporal-lobe regions. The findings support the
view that the distinction between a frontal/basal-ganglia ‘‘procedural mem-
ory’’ system for motor and cognitive skills, and a temporal-lobe ‘‘declarative
memory’’ system for conceptual knowledge, extends to grammar and lex-
icon.

REFERENCES

Damasio, H., Grabowski, T. J., Tranel, D., Hichwa, R. D., & Damasio, A. R. 1996. A neural
basis for lexical retrieval. Nature, 380, 499–505.

Feinberg, T. E., & Farah, M. J., Eds. 1997. Behavioral neurology and neuropsychology. New
York: McGraw–Hill.

Martin, A., Wiggs, C. L., Ungeleider, L. G., & Haxby, J. V. 1996. Neural correlates of cate-
gory-specific knowledge. Nature, 379, 649–652.

Pinker, S. 1991. Rules of language. Science, 253, 530–535.
Ullman, M. T., Corkin, S., Coppola, M., Hickok, G., Growdon, J. H., Koroshetz, W. J., &

Pinker, S. 1997. A neural dissociation within language: Evidence that the mental diction-
ary is part of declarative memory, and that grammatical rules are processed by the proce-
dural system. Journal of Cognitive Neuroscience, 9(2), 266–276.


