
A Cross Disciplinary Look at Statistics and Grounding in Human Lexical
Learning

Harlan D. Harris and James S. Magnuson
Department of Psychology

Columbia University
New York, NY 10027

{harlan,magnuson}@psych.columbia.edu

Introduction
As the role of learning in complex intelligent systems
has become more prominent in Artificial Intelligence, re-
searchers have become more interested in the topic of lex-
ical learning. Their concerns have included: how to rec-
ognize new words in speech recognition tasks (Bazzi &
Glass 2000), how to extract lexical semantics from cor-
pora (Boguraev & Pustejovsky 1996), how to link lexical
semantics to constrained semantic representations (Thomp-
son & Mooney 2003; Siskind 1996) and how to ground
new lexical items in the agent’s environment (Steels 1996;
Roy 2003).

Psychologists have also been concerned with this issue,
from a number of different viewpoints. Developmental psy-
cholinguists have asked questions about word segmenta-
tion (Cairnset al. 1997; Christiansen, Allen, & Seidenberg
1998), influences on and from (proto)syntax (Pinker 1987),
innate biases on semantics (Imai & Gentner 1997), the rapid
pace of word learning in children (Carey & Bartlett 1978),
and other topics. Psycholinguists studying adults have also
investigated word learning, particularly in the domain of
second-language learning (Mitchell & Myles 1998).

There are likely a number of ways in which wisdom de-
veloped in each of these fields could be beneficially trans-
fered. Here, we will briefly review some recent important
findings in the literature of lexical acquisition, then outline
an experiment being conducted that will investigate the role
of statistical pattern extraction, attention, and reference on
lexical representations, and conclude by discussing the re-
sults that we may find and their relevance to natural language
in AI and NLP.

Psychological Issues in Word Learning
The process by which infants and young children, and in-
deed adults, learn language is complex and filled with con-
troversy. Questions related to grammar acquisition are di-
rectly related to fundamental issues of human cognition such
as the extent of innateness and the unique properties that
make us human (Pinker 1994; Elmanet al. 1996). The ac-
quisition of words and their meanings has been a major topic
for many years, driven by a number of remarkable facts.
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By the end of their first 12 months of life, a typical infant
can clumsily produce a very small number of words. These
first few words are primarily proper names, common nouns,
and social words such as “hi” (Bloom 2000). By about 3
years of age, children seem to be learning up to 10 words
per day (Carey 1978), of all grammatical categories. No-
tably, the production vocabulary lags behind comprehension
throughout acquisition (Dapretto & Bjork 2000). Also, the
use of newly-learned lexical items is often limited to partic-
ular structures. Tomasello and others have shown that while
a two-year-old child may produce many different verb con-
structions (intransitive, with instrument, etc.), for any par-
ticular verb only one or two constructions may be produced
(Tomasello 1992; Pine, Lieven, & Rowland 1998).

Current controversies include the role of syntax on se-
mantic acquisition and vice-versa (Pinker 1987; Naigles &
Hoff-Ginsberg 1995; Tomasello 2000; Fisher 2002), and the
topics in question here, the role of general-purpose statisti-
cal processes in word learning, and the processes involved
in extracting lexical semantics from a scene.

In recent years, psychologists have become increasingly
interested in evaluating the power of statistical and con-
nectionist techniques to account for data that previously
was viewed as reflecting algebraic processes (Christiansen
& Curtin 1999). Saffran and other researchers have per-
formed a series of experiments showing that infants are
able to notice statistical patterns in series of auditorily-
presented pseudo-words, and have suggested that this sta-
tistical knowledge may be helpful in segmenting sentences
into words (Saffran, Aslin, & Newport 1996; Christiansen,
Allen, & Seidenberg 1998) (but see Marcuset al. 1999).
After listening to several minutes of a synthesized voice
monotonously producing syllables, where the sequence is
comprised of a small number of randomly repeated three-
syllable words (“budopa bikuti...”), pre-linguistic infants
were able to discriminate (as measured by proportions of
head-turns to test stimuli) between new sequences of these
words and a list consisting of the same syllables in random
order. In other words, infants are remarkably sensitive to
syllable transition probabilities in a process that later work
suggests may be being used to extract lexical candidates for
learning (Saffran 2001).

However, the precise role of this statistical process re-
mains unclear. Naigles recently contrasted the conclusions



drawn by researchers working with pre-linguistic infants
(e.g., Saffran, Marcus) with those drawn by older chil-
dren (e.g., Tomasello) (Naigles 2002). Whereas infants
can use statistical information to abstract relatively-complex
grammar-like patterns from syllable sequences (Marcuset
al. 1999), older children are unable to abstract verb usage to
multiple syntactic frames (Tomasello 1992). Naigles sug-
gests that infants find it easy to extract the patterns from
the acoustic stimuli, but that linking (grounding) these new
forms with meaning is difficult, requiring cognitive and
other skills that do not develop until the second year.

The complexity of determining meaning of a novel word
given only context has been noted for at least 50 years. If a
speaker says “gavagai” while pointing at a rabbit, does the
word mean “rabbit,” “running,” “white,” “tasty,” or some-
thing else (Quine 1964)? How do we know what to represent
in our heads, and how do we know what in that representa-
tion should be linked to the word (Johnson-Laird 1987)? Re-
searchers have demonstrated the importance of shared atten-
tion (Tomasello & Todd 1983), dialogue (Golinkoff 1986),
previous experience with word learning (Smithet al. 2002;
Regier 2003), and theory of mind (O’Neill 1996) toward re-
solving reference. Gilette et al. (1999), in a clever set of
experiments, examined the sorts of context required to iden-
tify the intended referent of an unknown word. Those results
showed that only simple concrete nouns are learnable with-
out additional linguistic context.

Although it seems quite possible that the output of statis-
tical processes are available for the creation of lexical items
(Saffran 2001), the nature of the processes that link these
items to semantics are by no means entirely clear, either in
children, where they are still developing, or even in adults.

The experiment described below examines lexical learn-
ing in adults, using different experimental conditions to look
at what sorts of reference and attention are required in order
for the output of the statistical process to affect the lexicon.

Work in Progress
One of the most ubiquitous findings in cognitive psychology
is that increased familiarity with a stimulus (due to increased
frequency, say) results in faster reactions to that stimulus.
For example, subjects name pictures of objects with high
frequency names more quickly than they name pictures of
objects with low frequency names (Oldfield & Wingfield
1965).

In a study currently in progress, we are using reaction time
to examine the relationship between the lexicon and statisti-
cal information available in the segmentation tasks used by
Saffran et al. 1996. Subjects are first explicitly taught a set of
new words describing novel objects, with some words pre-
sented more frequently and some less frequently (Magnuson
et al. 2003). Then, in the statistical segmentation phase, sub-
jects listen to a continuous string of nonsense words, includ-
ing some tokens of the newly learned low-frequency words,
while performing different tasks. The experimental condi-
tions are distraction (not paying attention), attention (asked
to pay attention), segmented (explicitly given cues to word
boundaries), and referential (“grounded” – provided with vi-
sual objects associated with each lexical item). Then, sub-

jects are tested on the words they explicitly learned and their
reaction times are measured. To the extent that the items
present in the continuous string of nonsense words are linked
to the items in the lexicon, those items will have become
high-frequency. The reaction time measure is sensitive to
this frequency difference, allowing an evaluation of the im-
portance of each of the experimental conditions to the rep-
resentation of the lexical items. A final step explicitly asks
the subjects to evaluate syllable sequences as being present
or not present in the continuous stimuli, replicating earlier
studies (Saffranet al. 1999) and evaluating to what extent
segmentation by statistical pattern occurred in our task.

Discussion
Our hypothesis is that there will be significant effects of at-
tention condition on the results in the eye-tracking phase. It
may be, for example, that subjects will be sensitive to the
distributional patterns, but that there is no interaction be-
tween learning in the statistical segmentation and explicit
lexical training components of the experiment unless sub-
jects are directed to pay attention (look for words) in the sta-
tistical segmentation component. Furthermore, we predict
that the reference condition will show the strongest effect
of exposure, as some of the same mechanisms that underlie
word learning (e.g., linking of phonetic form to semantics)
will have been utilized in both the lexical training and seg-
mentation portions of the experiment.

As researchers in AI and NLP expand upon previous work
in automatic lexical acquisition, using new techniques to
ground lexical items in a shared environment, an under-
standing of how humans link lexical items to semantics is
likely to be valuable. For example, results from experi-
ments such as ours can help establish how statistical seg-
mentation processes interact with representations in the lex-
icon. Other sorts of results will be able to provide, for ex-
ample, biases useful for category formation for new lexical
items (Markman 1989) or information about how humans
act when teaching new words to other agents (be they chil-
dren, adults, or computers) (Fisher & Tokura 1995). When
intelligent agents interact with people in shared environ-
ments, word learning will be one of many important skills
agents will need to perform. And as with other domains in
the cognitive sciences, there is little doubt that as practical
intelligent lexical-learning agents are developed, the lessons
learned will be informative to psychologists as well.
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