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Definition

Cross-situational learning is a technique for learning
the meanings of words across multiple exposures,
despite uncertainty as to the word’s meaning on each
individual exposure. The cross-situational learner
encounters a word in a number of different situations,
each of which provides a set of multiple candidate
meanings; the learner determines the word’s meaning
by selecting from those meanings which reliably recur
across situations. Cross-situational learning is less cog-
nitively demanding than many other models of word
learning, because it does not require a learner to unam-
biguously identify a word’s meaning on a single
exposure.

Theoretical Background

During language acquisition, children learn a lexicon
containing many thousands of associations between
words and their meanings, at the rate of around ten
new words a day. Children accomplish this task rapidly
and remarkably successfully, overcoming potentially
unlimited uncertainty about the meaning of every
new word they encounter, and identifying some
aspects of word meaning after only a very few expo-
sures through so-called fast mapping. Quine (1960)
famously illustrated the problem of referential uncer-
tainty through the story of an imaginary anthropolo-
gist working with a speaker of an unfamiliar language:
when a rabbit runs past, the speaker shouts “gavagai,”
and the anthropologist tentatively notes that this new
word means “rabbit.” Quine’s insight was to point out,
however, that the anthropologist can never be sure that
“gavagai” means “rabbit,” no matter how many future
clarificatory tests are carried out; it could, after all, have
an infinite number of possible meanings of varying
plausibility, including “animal,” “white,” “undetached
rabbit parts,” “dinner,” or “it will rain.”

Yet despite the philosophical problem of unlimited
referential uncertainty, children clearly do learn large
lexicons, and the focus of much research into word
learning has been on providing explanations for this.
The dominant approach has been to identify mecha-
nisms which allow the learner to exclude from consid-
eration many meanings which are theoretically possible
but in reality spurious, thus reducing the level of refer-
ential uncertainty in the input to a more manageable
level, and simplifying the task of determining the
word’s true meaning. A number of heuristics have
been put forward: interpreting behavioral cues in
order to identify the speaker’s focus of attention;
assuming that novel words are more likely to refer to
whole objects rather than their parts or properties;
building on existing knowledge about the meanings
of other words and assuming that new words will
have different meanings; making use of the syntactic
context in which the new word is presented to infer
aspects of its meaning (see Bloom 2000, for review).
While quantifying the impact of such heuristics is
problematic, it is clear that some referential uncertainty
is likely to remain even after the application of many or
all of them; the utility of cross-situational learning
stems from the fact that it allows words to be learnt
despite the existence of residual uncertainty.
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Cross-situational learning works by amalgamating
information about the meaning of a word from across
the various different situations in which that word
occurs. Each separate context in which the word is
used yields a (possibly infinite) set of possible candi-
date meanings, which is potentially reduced through
the application of word-learning heuristics such as
those described above to a finite set of candidate mean-
ings (including the true meaning); the same word
uttered in a different context may of course yield
a different set of candidate meanings. Candidate mean-
ing sets from different contexts can be combined,
enabling the learner to identify the most likely correct
meaning, for instance, by identifying the meaning
which lies at the intersection of the sets, as shown in
Fig. 1. Although each exposure to a new word may
provide a large number of possible meanings, and
thus a large degree of referential uncertainty, successive
exposures in different contexts will gradually reduce
the uncertainty, eventually eliminating it completely
by winnowing the set of possible meanings down to
the true meaning alone.

This eliminative approach to cross-situational
learning illustrated in Fig. 1, however, is vulnerable
to failure in a number of real-world circumstances
(see Gleitman et al. 2005, for discussion): In noisy
situations where the intended meaning is not suggested

Target word: “horse”
Target meaning: o

Incidental meanings: ¥ ¥ & ... W
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Cross-Situational Learning. Fig. 1 Cross-situational
learning. Each time the word horse is used, the context

provides a different set of candidate meanings. Uncertainty
about the meaning of the word is gradually reduced and
finally eliminated through its appearance in multiple
exposures, as candidate meanings which are not
suggested by each context are eliminated from
consideration

by the environment, it will be sifted out of the set of
possible meanings; in homonymous or polysemous
situations where the word has more than one intended
meaning (e.g., the English word “bank”), none of the
intended meanings will appear in all exposures, and
thus the set of possible meanings will be empty (i.e.,
situations in which “bank” is used as a verb denoting
turning will probably not feature financial institutions
in their set of likely meanings; likewise, situations in
which it is used as a noun will not reliably feature the
act of turning).

These vulnerabilities stem from the pure cross-
situational learner maintaining the maximal amount
of cross-situational information, namely, an accurate
set of candidate meanings which always occur with
the word. At the other end of the spectrum, a learner
could make minimal use of cross-situational informa-
tion by simply remembering a single one of the mean-
ings suggested in a previous exposure, and maintaining
this as their preferred meaning so long as it is also
suggested by the current context. Between these two
extremes lie an infinite number of potential cross-
situational learning strategies, much more resilient to
noise, yet less powerful than pure cross-situational
learning (Blythe et al. 2010). In particular, a frequentist
strategy, where learners track the frequency with which
candidate meanings co-occur with the target word,
appears to match well the data from experimental
tests of cross-situational learning (Yu and Smith 2007;
Smith et al. 2011).

Important Scientific Research and
Open Questions

Existing research into cross-situational learning can
be grouped into two main approaches: formal com-
putational and mathematical models examining the
operationalization of cross-situational learning and its
plausibility as a tool for language learning, and exper-
imental work exploring the conditions under which
humans use the different cross-situational learning
strategies.

Siskind (1996) developed an early and influential
computational implementation of cross-situational
learning based on the eliminative process illustrated
in Fig. 1, describing an algorithm which was capable
of identifying word meanings after exposure to
a synthesized corpus of utterances paired with both
intended and spurious meanings. Siskind further
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demonstrated that his cross-situational learning pro-
cedures could be specified so that the algorithm could
recover from errors originating from environmental
noise and homonymy. More recent formal models
(e.g., Yu et al. 2005) have successfully demonstrated
that cross-situational learning can be used to infer the
meanings of words from increasingly complex and
realistic, though still small, corpora of natural language
use. Mathematical models, meanwhile, have shown
that cross-situational learning is viable not just with
small corpora, but also scales up to the learning of
large, human-size vocabularies within reasonable time-
scales (Blythe et al. 2010). Despite significant levels of
referential uncertainty at each exposure, the relative
learning speed disadvantage of cross-situational learn-
ing compared to an idealized fast-mapping learner is
surprisingly small. There is, therefore, no necessary link
between the ability to learn individual words rapidly
and the ability to acquire large vocabularies.

A body of research has demonstrated that both
adults and infants can effectively exploit cross-
situational learning information when learning small
numbers of words (e.g., Akhtar and Montague 1999; Yu
and Smith 2007), using both naturalistic and more
controlled (and therefore quantifiable) stimuli. The
effectiveness of cross-situational learning in humans
is affected by the degree of referential uncertainty:
performance (in terms of number of words learnt)
decreases as referential uncertainty increases. Further-
more, increasing referential uncertainty appears to
change the mechanism by which cross-situational
learning takes place, with increased referential uncer-
tainty prompting a shift from a pure eliminative strat-
egy to a less demanding, more nuanced, frequentist
equivalent (Smith et al. 2011).

This recent emphasis on examining when alter-
native cross-situational strategies are employed by
learners leads to a number of currently open questions.
Increasing referential uncertainty naturally increases
the time it takes to learn a lexicon, yet weaker forms
of cross-situational learning (those which make less
efficient use of cross-situational statistics) are dispro-
portionately affected by increases in referential uncer-
tainty than stronger forms.

At some point, therefore, increasing referential
uncertainty will make a human-size lexicon impossible
to learn by cross-situational learning in a reasonable

timescale. Quantifying this critical point, however, is
still problematic, not only because of the difficulties in
accurately quantifying the referential uncertainty of
naturalistic data, but also because the experimental
evidence for when and how people shift learning strat-
egies is currently rather minimal. Furthermore, existing
research into different variants of cross-situational
learning has primarily been carried out on adults, pos-
ing the question of whether children shift strategies in
response to task demands in the same way as adults, or
whether they even use the same cross-situational learn-
ing strategies at all.
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