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Abstract

In contrast to rule systems, analogy assumes massive storage of previously
experienced linguistic material. Accordingly, linguistic processing involves access
to and comparison with this database of stored instances. Computationally explicit
models of analogy allow analogical models to be tested empirically. One such
model is shown to be quite effective in predicting the gender of Spanish nouns
given their phonological makeup, and in mirroring gender errors made by children.
Dialectal differences in diminutive formation is also explored analogically. While
rule models postulate differing underlying structures and constraint ranking,
analogy accounts for the dialectal variants as due to differences in the diminutives
that are stored in a speaker's mental lexicon. Morphology is the result of
connections made between words that share semantic and phonological traits.

1. Introduction

Early generative approaches assumed that the lexicon contained only the minimal
amount of information that could not be derived by general rules. It contained
morphemes and not whole words. This meant that a great deal of processing had to
be performed on the input. Some early researchers (e.g. Halle 1973, Jackendoff
1975) did suggest that all known words could be stored as whole entities in the
mind, and some contemporary formal approaches are beginning to acknowledge the
influence of fully formed lexical items (Benua 1995, Burzio 1996, Kenstowicz
1996, McCarthy & Prince 1994, Steriade 1999). Nevertheless, the majority of
formal work still assumes that computation has the greatest role in processing, while
the contents of the lexicon are secondary.

A number of language researchers have become disenchanted with models of
language that espouse rule-based mechanisms as the principal mechanism of
linguistic cognition. Due to the dissatisfaction with such models, several non rule-
based models have been proposed (e.g. Bybee 1985, 1988, 1995, Goldsmith 1993,
Lakoff 1993, Rumelhart & McClelland 1986, Stemberger 1994). The present paper
explores analogy as a mechanism of language processing,
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2. Processing by exemplars

The idea that language is exemplar-based turns the storage versus processing
paradigm on its head. It asserts that people go through hfe_stﬂrmg 2.111 of the
linguistic input they receive in all of its redundant glory and with all of its messy,
irrelevant detail. This means that speakers do not need to subconsciously find
systematic correspondences and generalizations in the data, make rules or
constraints out of them, then discard the input they are based‘ on. Ilnstead, the
generalizations exist in the linguistic experiences they have stqred in their 101.1g-term
memory. Behavior that appears to be rule-based may l:')e explam‘ed b.y assuming 'that
people have recourse to their past experience that is storgc} in hlgh'ly organized
matrices in terms of similarity. In short, linguistic cognition entails enormous
amounts of storage and little processing.

There is good evidence to suggest that most words are stored as whgles- not
merely as combinations of morphemes (Alegre & Gordon 1999; Baayen, Dijkstra &
Schreuder 1997, Butterworth 1983, Bybee 1985, 1988, 1995, 1998, Sereno &
Jongman 1997, Stemberger 1994). Of course, this claim has pot gone uncontested
(e.g. Pinker & Prince 1988), and the debate continues. Nevertheless,
psycholinguistic studies demonstrate that not only are words stored as types, but
individual tokens of the same word may be stored in long-terTn memory (Kolers &
Roediger 1984, Palmeri, Goldinger & Pisoni 1993, Boom_ershme 2006)._W0rds also
appear to be stored with all of the phonetic detail present in the speech signal, rather
than in a form that has all redundant and irrelevant phonetic details abstracted away
(Brown & MacNeill 1966, Burton 1990, Bybee 1994, 2001, Fougeron & Steriade
1997, Pisoni 1997).

2.1 Exemplar-based models

One advantage of assuming that language processing is exemplar. based is that it
lends itself to explicit empirical test. A number of computer algorlt.hfns have been
devised to test the ability of exemplar theory to model cl:ognmve processes
(Daelemans, Zavrel, van der Sloot & van den Bosch 2001, Medin & Schaffer 1978,
Nosofsky 1990, Pierrehumbert 2001, Riesbeck & Schank 1989).. Wh?t .these mpdels
have in common is that they use analogy to instances of stored linguistic experience
in order to determine linguistic behavior. _

Traditionally, analogy has been used to account for exceptlonfnl outcomes. That
is. when an outcome does not obey the general rule, a form that is semantlcally or
phonetically similar to the exceptional one is sought that is then sa}d to influence tl.lel
exceptional form in such a way that it does not develop acc?ordn.lg to the genera
process. What makes this sort of analogy suspicious is that‘ 1:£ ultunat_ely‘ serves to
patch up the inability of rules to derive all forms. Inlaqdmon, no limits are get
regarding what forms can serve as analogs nor on how similar two forms must be in

-
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order for analogy to become a factor. In contrast to the traditional notion of analogy,
exemplar-based models assume that both regular and irregular forms are attributable
to the analogical influence of other forms.

2.2 Analogical Modeling of Language

The present simulations were carried out using Analogical Modeling of Language
(henceforth, AM: see Skousen 1989, 1992, 1995). In AM. two things are needed in
order to predict forms: a database of fully specified words and a mechanism for
searching and comparing those words. The behavior of the words most similar to
the word in question generally predicts the behavior of the word in question,
although the behavior of less similar words also has a small chance of applying.

Suppose that the task is to predict the nominal form of the verb fentar ‘to
tempt’. Would it be tencicn, tenticion, tension, or tentacién? The algorithm finds all
verbs that begin with /t/ and considers them together. It also compares all verbs with
fe/ as the nucleus of the penult syllable. Other groupings contain the verbs
beginning with /te/, /ten/, or /t/ and whose theme vowel is /a/, and so on until all
possible groupings of all variables are considered. These groups, called subcontexts,
are then inspected in order to calculate disagreements.

A disagreement occurs when not all of the verbs in the subcontexts bear the
same relationship to their nominal form. For example, if the subcontext of verbs
ending in -far contained representar ‘to represent’ and adoptar ‘to adopt’ there
would be a disagreement because the relationship between the verbs and their
corresponding nominals is different. Adoptar takes the suffix -cién and loses the
stem-final /t/ and stem vowel /a/, yielding adopcion. Representacion, on the other
hand, maintains the stem vowel and /t/ of the verb. Under certain conditions (see
Skousen 1989 for details), members of a subcontext containing disagreements will
be eliminated from consideration. In this example, the algorithm specifies that verbs
ending in -far do not form a cohesive enough group from which to draw analogs on
which the nominal form of fentar may be predicted. In general, a word with more in
common with the given context exerts more analogical influence on the given
context than a word that has less in common,

Once all the irrelevant subcontexts have been eliminated, the remaining verbs
constitute the analogical set. The words from this set can then serve as analogical
models for a given context. For the purposes of this example, let us assume that the
analogical set for fenfar contains only three items and that AM has calculated the
extent of similarity (or predicted probability) of each as specified in (1).

(1) A representar ‘to represent’ (representacion) 50%
A excitar ‘to excite’ (excitacion) 30%
B adoptar ‘to adopt’ (adopcion) 20%
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Notice that the first two verbs in the analogical set have the same sort of
behavior/relationship (A) with regard to their nominal forms. According to Skousen
(1989, 1.82), there are two ways in which the contents of the analogical set can
influence the outcome. The first is that a word can be randomly selected from
among those in the analogical set and the outcome for that word can be applied to
the given context. In this case, there is a 33% chance of choosing any one of the
three words. Since two of them have the same behavior, the probability of behavior
A is 66% (33+33). The second possibility is to determine which outcome is most
frequent among the words in the set and assign that outcome to the given context.
Since the probability of A is 80% (50+30) behavior A would apply.

One possible mechanism for nominalizing fentar can be conceived of as a sort
of proportional analogy based on relationship A: representar is to representacion,
and excitar is to excitacion as fentar is to __? One could assume that the process
involves adding -acion to the stem fent-, or adding -cion to the stem plus theme
vowel fenta-. Another possibility would be to assume the entire infinitive form is
considered and that the final -ar has to be deleted and replaced by -acidon. The point
here is that the exact procedure speakers employ in order to modify the nominal of
tentar so that it bears the same relationship that represenatar and excitar bear to
their nominal forms is irrelevant as long as the output is the same. In fact, the exact
mechanism may vary from one speaker to another.

3. An analogical simulation of Spanish gender assignment

The relationship between grammatical gender and phonological word shape has
been approached from various points of view: pedagogy (Bergen 1978, Bull 1965,
Teschner & Russell 1984), bilingualism (Clegg 1997, Poplack, Pousada & Sankoff
1982, Smead 2000, Zamora Munné & Béjar 1987), description (Natalicio 1983,
Rosenblat 1952, Teschner 1983), generative linguistics (Harris 1991, Klein 1989),
acquisition (Brisk 1976, Pérez-Pereira 1991), and dialectology (Garcia-Albea,
Sanchez-Casas & Igoa 1998). The data below demonstrate the sort of empirical
findings that are manifest when gender assignment is assumed to be an analogical
process.

3.1 Gender assignment according to analogy and rules

The first question to grapple with is how analogy compares with rule models. The
extant generative analyses (e.g. Harris 1991, Klein 1989) are not useful for this
purpose; they strive to describe gender in terms of a rule system that derives a
word's final phoneme(s) given the word's inherent gender and a set of abstract
assumptions about the word's underlying structure. In other words, they are not
designed to predict a word’s gender given its phonological properties. Bull’s (1965)
pedagogical rules serve as a more appropriate point of comparison. Based on an
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extensive dictionary search, Bull concludes that most words ending in -a, -d, -cién, -
sion, -tis, and -sis are feminine, while words ending in any other phoneme or
combination of phonemes are masculine.

As a test set, I extracted all 2416 single gender nouns from the Juilland &
Chang-Rodriguez (1964) frequency dictionary of Spanish (see Eddington 2002b for
details). In order to be processed by AM’s algorithm, the phonemes of the final
syllable of each word were considered. In the analogical simulation, each word was
treated as if its gender was unknown and gender assignment was based on analogy
to similar words in the database. When Bull’s rule was applied to these 2416 words
a success rate of 95% was achieved.

Although both approaches performed equally on the database items, analogy
was found to be superior in an experiment that involved assigning gender to
unknown words, A group of 31 Spanish speakers was asked to determine the gender
of 118 antiquated Spanish words that have fallen out of contemporary usage, such
as sorce ‘small mouse’ and bocacin ‘part of a wagon.” Bull’s rules corresponded
with the majority responses on 75% of the test words, while analogy correctly
predicted 81% of them (Eddington 2002b).

3.2 Analogy and the acquisition of gender

Brisk (1976) noticed that children make more gender errors on feminine words than
on masculine words. However, children whose abilities in Spanish were least
developed made more errors that entailed giving masculine words feminine gender
when compared with more advanced speakers. This sort of developmental
phenomenon can be modeled by assuming that speakers with more advanced
abilities have larger vocabularies.

I performed a series of analogical simulations using databases of varying sizes.
The purpose of the simulations was to calculate the number of etrors that would
occur. The first step was to organize the database of 2416 words by descending
order of token frequency and then to divide the database into ten data sets, each
containing about 241 words. The first data set contained the 241 most frequent
nouns. The second data set included all of the items in the first one, plus the next
241 most frequent words, and so on until the tenth data set comprised all 2416
items. This progression of data sets not only corresponds to the fact that language
acquisition entails increasing the size of one’s mental lexicon, but that more
frequent words are learned first and less frequent words at a later stage. The gender
of all of the 2416 items was predicted in each of the ten simulations. Comparing the
number of errors on masculine and feminine nouns in the database is a valid
procedure since there are almost identical numbers of masculine and feminine items
(masc. N=1207; fem. N= 1209).

The outcome of the ten simulations is summarized in Figure 1. Errors on
masculine nouns (masc. to fem.) outnumber those committed on feminine nouns in
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the simulations that used smaller data sets composed of high frequency words.
However, once the database contained 2169 words, the number of errors on
feminine nouns became slightly higher. This mirrors quite closely the acquisition
data presented by Brisk. According to her, the split that is observed for more
advanced speakers occurs because masculine nouns outnumber feminine nouns in
children’s vocabularies. While this may be true in her study, it does not explain the
outcome of the simulations in which errors on feminine nouns outnumber errors on
masculine nouns (2169 and 2416 items) where the percentages of masculine and
feminine data set are roughly equal (2169: 51% masc. 49% fem.; 2416: 50% masc.
50% fem.). It is unclear how Bull’s rules or any other rule-based model of gender
could account for these data.
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Figure 1. Errors on gender assignment by size of database.
3.3. Markedness and gender
According to generative theory, the masculine gender must be explicitly specified as

the unmarked option. However, I suggest that the structure of the nouns themselves
is responsible for establishing the masculine as the unmarked member. Plunkett &
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Marchman (1991) observe that unmarked or default status does not necessarily
depend on numerical superiority. Instead, items belonging to the marked category
tend to cluster in groups sharing many characteristics. Unmarked items, on the other
hand, have less in common and tend to be spread out across contextual space. Bull’s
rules for gender assignment reflect this state of affairs; words ending in -a, -d, -cién,
-sion, -tis, and -sis are feminine (marked), while words ending in any other
phoneme(s) are masculine (unmarked). From an analogical perspective, what this
means for gender is that a random throw of the dart onto a map of nouns organized
according to phonological similarities has a much higher probability of landing in a
neighborhood of masculine nouns, even if they do not dominate feminine nouns
numerically. Analogy accounts for and identifies the unmarked member without
having to specify that it is unmarked beforehand.

4.  Accounting for dialectal differences through analogy

One issue that often arises in the linguistic literature is how to account for
differences in dialects of the same language. 1 will use diminutive formation in
Spanish to exemplify this. The allomorphs of -ifo/a and their distribution have
received a great deal of attention (Ambadiang 1997, Colina 2003, Crowhurst 1992,
Elordieta & Carreira 1996, Harris 1994, Jaeggli 1980, Prieto 1992). There are
essentially three allomorphs: -ito/a, -cito/a, and -ecito/a. They may attach to entire
words (animal ‘animal’> animalito; pan ‘bread’ > panecito, pancito; grande ‘large’
> grandecita; tigre ‘tiger’ > tigrecito) or to stems stripped of their final vowel (tigre
> tigrito, casa ‘house’ > casita).

As can be seen, there is more than one way to form a diminutive for a number
of words. In my previous corpus study of diminutives (Eddington 2002a), I searched
several corpora totaling about 51 million words and identified about 2460 different
diminutives. About 60 of these diminutives have alternative forms. For example,
viento ‘wind’ has two possible diminutives, vienfecito and vientito. The diminutive
of proper name Jorge is attested as both Jorgecito and Jorgito. A great deal of
variation is also found in words containing the diphthongs [je] and [we] in the final
syllable of the stem. The diminutive of hierro ‘iron’ is either hierrecito or hierrito,
while the diminutive of muerto “dead’ is either muertecito or muertito.

A number of formal mechanisms have been proposed to account for these sorts
of dialectal variants. For example, Crowhurst (1992) utilizes resyllabification and
syllabic templates, while Colina (2003) argues for differing constraint rankings. As I
have argued elsewhere (Eddington 1996), formal mechanisms such as constraints
may be excellent tools for describing linguistic phenomena, but their status as the
actual mechanisms speakers use to process language is highly dubious. Analogy
more closely captures actual performance mechanisms.

Using AM (Eddington 2002a), 1 predicted the diminutive formation of the 2460
base words found in the corpus search. When these words were treated as if their
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diminutive forms were previously unknown, 96% of them were given an attested
diminutive form. I will use this database to show that dialectal differences in
diminutive formation may be explained in terms of storage and analogy to stored
base/diminutive sets. Consider a dialect in which diminutives containing [je] and
[we] in the final syllable of their stems are of the sort dientito and muerfifo, in
contrast to dientecito and muertecito." Assume that every diminutive known by a
speaker of this dialect is stored in his/her mind and is connected to the base word on
which the diminutive is formed. Provided that the speaker is not having memory
problems, s/he will use the same diminutive form the next time it is needed.

What is of greater interest is how the speaker will form the diminutive of a
word whose diminutive form s/he has never heard or produced before. This may be
simulated using the database from the previous study. One difficulty with the
database is that it contains diminutives produced by speakers of many different
dialects of Spanish. However, it may be altered to simulate the dialect in question.
To this end, I modified the entries in the database so that every word with [je] and
[we] in the stem of the base word took a diminutive of the type dientito and
muertito. 1 then ran AM so that it predicted the diminutive of 21 words containing
[je] and [we] that do not appear in the database. The 2460 words in the database
were available as analogs. These results appear in Table 1 under Dialect A.*

In order to simulate a dialect, such as Peninsular Spanish, in which the
diminutives of diente and muerto are dientecito and muertecito, rather than dientito
and muertito, the database was revised to reflect this sort of relationship between
base words and diminutives. A comparison of Dialects A and B in Table 1 clearly
demonstrates that analogy can account for dialectal variation. Children who are
raised speaking Dialect A produce diminutives of this type because they have access
to the forms that already form part of their mental lexicon. They use these same
forms to analogize on when the formation of a diminutive is required, and analogy
will predict forms similar to those they already know.

The point T wish to make is that there is no need to postulate differences in
constraint rankings, rule orderings, or the existence of diacritic features in order to
account for dialectal differences in diminutive formation. Children simply learn the
diminutives used in their community and those diminutives themselves are the
models for subsequent diminutive formation.
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DIALECT A DIALECT B
BASE WORD _ Prob. of -ifo Prob. of -ecito  Prob. of -ifo Prob. of -ecito
cuerdo 100 0 10.17 89.83
diestro 99.95 0 14,94 84,98
fitero 100 0 0.12 99.88
mueble 100 0 1.14 98.86
pienso 99.98 0 8.41 91.37
pliegue 99,99 0 3.50 96.48
riego 100 0 0.21 99.78
ruego 100 0 0.12 99.87
siervo 99.99 0.01 1.88 99.08
triteno 100 0 6.14 93.86
Prob. of -ita Prob. of -ecita  Prob. of -ita Prob. of -ecita
cuelga 100 0 1.13 98.87
cuerda 100 0 9.21 90.61
fiebre 97.67 1.68 0.30 97.37
Jriega 100 0 16.97 82.98
huerta 100 0 6.97 92.86
niebla 100 0 0.23 99.75
nieve 92.09 7.70 0 92.09
prueba 100 0 1.10 98.90
suerte 96.12 1.11 0.33 95.69
sierva 100 0 0.65 99.30
tuerca 100 0 7:52 92.40

Table 1. Probabilities of variant forms in two simulated dialects.

5. Morphology in exemplar theory

According to exemplar theory, words are not parsed into morphemes, but stored as
wholes. This is consistent with a number of models in which words are not stored as
lone items, but as entities with complex networks of interconnections between each
other (Bybee 1985, 1988, 1995, Drews & Zwisterlood 1995, Fowler, Napps &
Fel@lna11 1985, Grainger, Cole & Segui 1991, Lukatela, Carello & Turvey 1987). In
particular, words belonging to families of morphological relatives are thought to be
stored and linked to each other which allows the access of one member of the
family to activate the other members (Feldman 1992, Lukatela, Gligorijevic, Kostic
& Turvey 1980, Segui & Zubizarreta 1985). Presumably, two of the most iniportant
types of links between stored items are semantic and orthographic/phonological.
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According to Bybee, “when a new morphologically complex word is lea.rned, it
forms connections with existing lexical material on the basis of its meaning and
phonological shape. The word is not physically dismembered, but its_parts are
identified” (1988, p.127). In other words, morphemes can be viewed as
interconnected patterns that exist between words that are both semantically and
orthographically/phonologically similar.

Accordingly, -a may be considered a feminine morpheme be'cause words
ending in -a are connected based on that shared trait. At the same time, most of
those words are also connected based on their feminine gender. There is no need to
assume that -a is either added to a stem in the course of production, nor stripped off
in word recognition. The morpheme -a is an identifiable unit even though it does not
exist separately from the words that contain it.

6. Conclusions

There are a number of advantages to accounting for language processing via
analogy. First, simulations may be performed that are empirically Fe_stable and
robust. Analogy assumes only storage of known forms and the ability to find
similarities and apply similar behavior. Second, it does not require speakers to glean
generalizations from the data and formulate them into systems of mles' or
constraints. Some of these formal systems are extremely challenging for trained
linguists to understand and devise, yet if taken as actual performance.mechanisms
they are assumed to be subconsciously arrived at by native speakers with no formal
training in linguistic analysis.

Notes

*  This paper is a revised and shortened version of Eddington (2004), Chapter 5.

1 Prieto (1992) suggests that Bolivian Spanish may be of this type, as does
Crowhurst’s (1992) data on Sonoran Mexican Spanish. Based on my own
informal observations, the Spanish of the Canary Islands may also have this
type of diminutives. . .

2 The results reported here differ somewhat from those reported in Eddington
(2002a). The reason for this is that in the previous database, a word such as
muerto was divided into variables in this manner: mu/er/t/o. The current
database divides words in such a way that the members of a diphthong are kept
together: m/ue/r/t/o.
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