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Abstract
Children’s differing learning trajectories cross-linguistically
have been at the forefront of gender acquisition research, often
with conflicting results and conclusions. As a result, the source
of children’s different learning behaviors in gender acquisition
has been unclear. I argue that children’s gender acquisition is
driven by the search for productive patterns. First, | provide
corpus studies where the predictions of a learning model
(Yang, 2016) are formulated. Second, | report the results of an
elicited production task on Icelandic-speaking children (N = 26,
ages 2;6-6;3 years) and adults (N = 18) that puts these
predictions to test. The results suggest that Icelandic-speaking
children and adults draw a categorical distinction between
productive and unproductive suffixes in Icelandic gender
assignment. I discuss the implications of these findings for

morphological learning beyond gender acquisition.



Introduction

Grammatical gender has conventionally been defined as
the sorting of nouns into classes as reflected in agreement
morphology (Corbett, 1991; Hockett, 1958). Gender systems
differ cross-linguistically with respect to what kind of
information is predictive of gender assignment. A distinction
has been made between STRICT SEMANTIC SYSTEMS, as
exemplified by the gender systems of the Dravidian languages,
and FORMAL sYSTEMS, as exemplified by typologically diverse
languages, such as Qafar and Russian (Corbett, 2013). Given
the typological diversity of gender systems, children must be
able to detect a wide range of formal and semantic regularities
on the basis of language-specific data.

In her seminal study, Karmiloff-Smith (1979) showed
that French children were able to assign gender on the basis of
noun endings. Moreover, the children seemed to rely on noun
endings even if the resulting gender were at odds with the
biological sex of the referent. Similar results have been
obtained many times cross-linguistically (Clark, 1985;
Hernandez-Pina, 1984; Levy, 1983; Mills, 1986; Rodina &
Westergaard, 2012; 2013; 2015). Collectively, the results of
this body of research suggest that children can learn gender
systems that are detached from any semantic motivation.
However, research on more typologically diverse gender

systems is needed in order to determine whether this early



formal bias is an artifact of the language sample or a finding
about early grammatical representation.

Children’s learning trajectories of grammatical gender
vary cross-linguistically (Mills, 1986). Gender systems have
been divided into two groups from an acquisitional perspective:
Transparent and opaque (Slobin, 1977). Transparent gender
systems have a set of productive patterns for gender
assignment, whereas opaque gender systems have few or none.
Productive rules in transparent systems, such as Spanish and
Russian, are typically in place by the age of three (Lew-
Williams & Fernald, 2007; Rodina & Westergaard, 2012),
whereas the paucity of such rules in opaque systems, like
Norwegian and Dutch, results in late mastery (Rodina and
Westergaard, 2013; Unsworth & Hulk, 2010). Transparent or
opaque; gender acquisition involves detecting language-
specific patterns and evaluating whether they are useful for
learning or not. In other words, the child learner must somehow
outweigh the evidence for and against a pattern in order to
determine whether or not it can be used to form a
generalization about gender assignment.

Even within a transparent gender system, gender
assignment rules® may be learned at different rates. Mills
(1986) proposed, using evidence from German, that gender
assignment rules were acquired in order of CLARITY. By her

definition, clarity is determined by the scope of the rule and the



number of exceptions; the greater the scope of the rule and the
fewer exceptions, the earlier the rule is acquired. For example,
she argued that the rule with the greatest scope in German is
“nouns that end in —e are feminine” because of the high
frequency of the pattern and the low number of exceptions (p.
85). However, even the role of frequency has been debated. For
instance, Henzl (1975) argued, using evidence from Czech, that
children first formulated gender assignment rules on the basis
of noun endings which are “least ambiguous”, irrespective of
frequency.

Hitherto it has been unclear what makes a gender
system either transparent or opaque to the child learner. In
parallel, it has been unclear how the child learner can determine
the scope of a gender assignment pattern. Therefore, a theory of
gender acquisition is needed that can both identify the
conditions under which a gender assignment pattern is useful to
the learner — and when these conditions are not met.

In this paper, | proppose an approach whereby gender
acquisition is characterized by a search for productive gender
assignment rules guided by a learning model (Yang, 2005;
2016). First, I discuss prior research on productivity in first
language acquisition. Second, I introduce the Tolerance
Principle, a quantitative model of productivity (Yang, 2005;
2016). I discuss the relevance of quantitative methods for

research on gender acquisition and demonstrate how the



approach works using grammatical gender in Spanish as a test
case. Next, | show how predictions for Icelandic gender
acquisition can be made on the basis of child-directed speech
and child naturalistic data. Moreover, | show how these
predictions robustly hold when samples are created from other
corpora to approximate children’s vocabulary size during the
stages of gender acquisition. Subsequently, | present the results
of an elicited production task on Icelandic children and adults.
Finally, I discuss an alternative view of productivity (Baayen,
1989; 1992; 1993) and evaluate its predictions against the
empirical results. The paper concludes with a discussion of the
implications of these findings for morphological learning
beyond gender acquisition.

Productivity and Absence thereof in Language Acquisition

Language acquisition involves learning words and how

to inflect them. The source of children’s ability to learn
inflectional patterns has been a point of contention for theories
of morphological learning. In her famous Wug experiments,
Berko (1958) showed convincingly that English-speaking
children extend productive inflectional patterns like, for
example, the plural suffix —s, when inflecting novel words.
Children have also been found to over-generalize productive
patterns in naturalistic settings even though this may result in
forms that are not attested in the input, such as *foots and

*breaked (Pinker & Prince, 1994). Children’s ability to extend



productive patterns in both experimental and naturalistic
settings has been taken as evidence for rule-based learning in
acquisition.

However, sometimes productivity fails. Gaps within an
inflectional paradigm are the result of having no acceptable
morphological option or default (Baronian & Kulinich, 2012;
Halle, 1973; Fanselow & Féry, 2002; Orgun & Sprouse, 1999;
Pertsova, 2005). Morphological gaps are common cross-
linguistically. For instance, many English speakers find the past
participles of certain irregular verbs, like stride, problematic
(Pinker, 1999). Similarly, there are no acceptable 1SG forms
for a handful of verbs in Spanish (Albright, 2003). There are no
semantic reasons for this ineffability. Rather, it seems to reflect
speakers’ failure to generate a systematic pattern or a rule.
Morphological gaps have posed a challenge to rule-based
accounts as the unavailability of a rule or a default form is
unexpected.

The learning trajectory of Polish noun inflection
suggests that children do not need to resort to defaults in order
to learn inflectional morphology (Dabrowska, 2001; 2005).
Polish nouns are inflected for gender, case and number. The
most important factor in determining the choice of inflectional
ending is gender (Dabrowska, 2001, p. 558). The most
interesting case is the choice of ending for masculine genitive

singular nouns: Masculine singular nouns in Polish can take



either —a or —u as a genitive ending in a seemingly
unpredictable fashion. While —a is the most frequent masculine
genitive singular ending, it does not seem to have the status of a
default, since loanwords and low frequency masculine
singulars can take either ending.

In a series of longitudinal corpus case studies,
Dabrowska (2001) showed that Polish noun inflection was
largely in place by the age of 2;0. Furthermore, Polish-speaking
children made few errors with masculine genitive singular
nouns in spite of the arbitrary distribution of the two endings.
In case of errors, children made unsystematic choices of either
ending.

These findings have been taken as evidence against
rule-based learning (Clahsen, 1999; Pinker, 1999). Instead,
Dabrowska (2001, 2005) argued that they lent support to
USAGE-BASED approaches to language acquisition (Tomasello,
1992; 2003). Hence, the absence of productivity has raised key
questions about the nature of the mechanism underlying
linguistic creativity.

Predicting Productivity and Absence thereof
The Tolerance Principle

There is general agreement that language has both
productive and unproductive patterns. However, the division
line between the two has been a point of contention. Yang

(2005; 2016) has proposed a model of linguistic productivity,



the Tolerance Principle, to account for how children distinguish
between productive and unproductive patterns on the basis of
positive evidence in the input. The Tolerance Principle
quantifies the precise conditions for productive rule formation.
The model hypothesizes that a general rule will be formed
when doing so is computationally more efficient than storing
lexical forms. The principle is stated in (1).
1) The Tolerance Principle

If R is a productive rule applicable to N candidates, then

the following relation holds between N and e, the

number of exceptions that could but do not follow R:

e < Onwhere On =N/InN
The Tolerance Principle states that it is computationally more
efficient to form a productive rule only when the number of
exceptions is less than the number of items divided by the
natural log of the number of items. Computational efficiency is
computed by calculating the time complexity required for
forming a rule with the time complexity required for accessing
individual lexical forms. Crucially, the division between
productive and unproductive processes is a categorical one on
this approach.

The Tolerance Principle makes use of the Elsewhere
Condition (Kiparsky, 1973) which states that when a more
specific form (or rule) is available, it is preferred over a more

general one. For example, went is the past tense form for the
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verb go, so it overrides the regular but ungrammatical *goed.
The Elsewhere Condition is implemented by the Tolerance
Principle as a serial search procedure which is empirically
motivated by research on language processing (see Yang, 2016,
pp. 49-60).

To illustrate this serial procedure, one can think of past
tense acquisition in English. The child is faced with verbs that
adhere to the regular pattern, “add -d”, and verbs that do not.
The Tolerance Principle assumes that, in order to be maximally
efficient in forming the past tense of verbs in English, the child
is faced with two options: 1) Store all past tense verb forms
individually 2) Form a productive rule. In the first case
scenario, every item is stored in a list ranked by frequency.
This means that the learner must search the list every time there
is an occasion to express the past tense of a verb. In the second
case scenario, only the exceptions are stored in a frequency-
ranked list. The list of exceptions must be searched first before
the productive rule can be applied.

The Tolerance Principle operates on type counts.
Therefore, productivity in grammar learning on this approach is
connected to the number of types over which linguistic patterns
are expressed, rather than the number of tokens. The same view
has been adopted by wide variety of research programs
(Aronoff, 1976; Baayen, 1993; Bybee, 1985; Plunkett &

Marchman, 1991).



Given a well-defined hypothesis space, the Tolerance
Principle can be used as a quantiative measure to predict
whether any given linguistic pattern can be perceived by the
child learner as productive or not. The Tolerance Principle is
just one thresholding function and has a wide range of
empirical support (consult Yang, 2016 for case studies). In
addition, the predictions of the Tolerance Principle have been
borne out for children in experimental settings (Schuler et al.,
2016).

Language acquisition involves not only detecting
productive patterns, but also unproductive patterns. The
Tolerance Principle not only models the conditions for
productive rule formation; it can also identify conditions under
which no productive rule is available (Gorman & Yang, 2018).
For example, the Tolerance Principle can predict the absence of
a default genitive ending for Polish masculine singulars on a
numerical basis. Table 1 shows the numerical distribution of
Polish masculine genitive singular nouns by ending (adapted
from Yang, 2016, based on CHILDES).

Table 1
Numerical Distribution of Genitive Endings for Masculine

Singular Nouns in Polish

Suffix Types Productive?

GENSG -a 837 (62%) No (516>188)

—u 516 (38%) No (837>188)




Total 1353

On 1353/In1353=188

An analysis using the Tolerance Principle revealed that in spite
of the statistical majority of —a as the genitive ending of
masculine singulars, the number of nouns that take the
alternative ending is too great for —a to be productive. On this
approach, therefore, absence of productivity does not constitute
as evidence against rule-based learning. Rather, it is the direct
consequence of a learning process guided by a search for
productivity that fails to succeed and results in rote
memorization.

Relevance to Gender Acquisition

Approaches using quantificational methods have the advantage
of being able to make clear, testable predictions on the basis of
input data. In this section, I will briefly showcase how the
present approach works using the Spanish gender system as an
example.

The Spanish gender system distinguishes between
masculine and feminine nouns. There are correlations between
nominal morphology and gender assignment: Nouns that take
the suffix —o tend to be masculine, whereas nouns that take the
suffix —a tend to be feminine. In an eye-tracking study, Lew-
Williams and Fernald (2007) showed that Spanish-learning

children, aged 2;10-3;6 years, were able to use gender-marked
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articles to establish reference of such nouns. Thus, young
Spanish-learning children had internalized productive gender
assignment rules in spite of an estimated vocabulary of only
500 words.

The distribution of noun types across gender and suffix
in a longitudinal corpus of Spanish child-directed speech
(Linaza et al., 1981) is provided below in Table 2. The corpus
reflects the interaction between a caregiver and their child
between the ages of two and four. Therefore, it should give a
reasonable estimate of a child’s vocabulary size in Spanish
gender acquisition.

Table 2
Numerical Distribution of Noun Types by Gender and Suffix in

Spanish Child-Directed Speech

Suffix M F On Productive?
-0 113 2 115/In115=24  Yes (24>2)
-a 8 116  124/In124=26 Yes (26>8)
-0 102 16  118/In118=25 Yes (25>16)

Total 223 134

An analysis using the Tolerance Principle confirmed the
productivity of —o to masculine and —a to feminine. In the
absence of a suffix, the Tolerance Principle predicted
masculine to be the default gender in Spanish.

These predictions are consistent with studies on Spanish

gender acquisition in both naturalistic and experimental



settings: Children generalize masculine to nouns with the suffix
—0 and feminine to nouns with the suffix —a. In the absence of a
productive suffix, they resort to the default gender, namely
masculine (see, among many, Clark, 1985; Hernandez-Pina,
1984; Mariscal, 2008; Pérez-Pereira, 1991).
The Icelandic Gender System
Icelandic has a gender system that distinguishes
between masculine, feminine and neuter. Typologically, the
Icelandic gender system has been classified as formal (Corbett,
2013). Icelandic has rich agreement morphology which
manifests itself on the definite article, which is a suffix (2a),
adjectives (2b), the past participle (2c) and pronouns (2d).
Anaphoric pronouns must refer to the formal gender of the
referent noun irrespective of animacy or biological sex.
(2 a. Stoll-inn,  skal-in, bord-id.
Chair-M.DEF, bowl-F.DEF  table-N.DEF
‘The chair, the bowl, the table.’
b. Flott-ur stéll,  flott-g skal, flott-g bord.
Nice-M chair-m, Nice-F bowl-F, nice-N table-N
‘A nice chair, a nice bowl, a nice table.’
c. Stollinn  er brot-inn, skalin er brot-in,
The chair-m is broken-m, the bowl-F is broken-F,
bordid  er brot-id.

the table-N is broken-N
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‘The chair is broken, the bowl is broken, the table is

broken.’

d. Hann er brotinn, han er brotin, pad er brotid.

He is broken, she is broken, it is broken.

‘He (the chair) is broken, she (the bowl) is broken, it

(the table) is broken.’
The three genders are roughly equally frequent: 32% are
masculine, 38% feminine and 30% are neuter (Helgadottir et
al., 2012). These numbers are consistent with the input corpora
that will be examined later in the paper.

In addition to gender, Icelandic distinguishes between
four cases: Nominative, accusative, dative and genitive. Gender
and inflection in Icelandic interact to form INFLECTION
CLASSES, which are standardly defined as a set of roots that
each share the same set of inflectional realizations (Aronoff,
1994).

Icelandic reference grammars (see e.g. Kvaran, 2005)
have standardly followed the lead of Old Norse reference
grammars (lversen, 1922; Noreen, 1903) by stating the
correspondence between gender and inflection without
discussing specific gender assignment rules. The idea is that the
gender of a noun can be determined by its inflection class
membership to some extent.

Nominative singular is the most frequent inflectional

form in Icelandic, constituting 40% of all nominal forms



(Helgadéttir et al., 2012). Furthermore, due to syncretism in the
nominal paradigm, many forms are identical to the nominative
singular in oblique cases. There are strong correlations between
nominative singular morphology and gender assignment in
Icelandic as in other fusional languages like, for example,
German and Russian (Corbett, 1991). In particular, three
nominative singular suffixes are predictive of either masculine
or feminine, respectively.?
3 a. Nouns that take the nominative singular suffix —r
are typically masculine.®
b. Nouns that take the nominative singular suffix —i are
typically masculine.
c. Nouns that take the nominative singular suffix —a are
typically feminine.
Table 3 demonstrates how these suffixes map on to real nouns
in Icelandic.
Table 3

Mappings between Gender and Nominative Singular Suffixes in

Icelandic
—r — -a
Masculine sokku-r (‘a burst-i (‘a NA
sock”) brush”)
Feminine bradu-r (‘a NA fat-a (‘a
bride”) bucket’)

Neuter NA NA NA

16



While these patterns are robust in Icelandic, they do have
exceptions. For instance, some feminine nouns take the

nominative singular suffix —r. Diachronically, most of these

nouns have shifted to masculine (lversen, 1922; Noreen, 1903).

The absence of an overt nominative singular suffix is
indicated by -g. Some nouns do not take the phonemes in
Table 3 by suffixation. Instead, they form part of the noun‘s
stem, as shown in (4). These nouns tend to have low type but
high token frequency. Most of these nouns are neuter, although
nouns with stem-final /i/ can be either feminine or neuter (4b).
4) a. Auga-g, eyra-g.

Eye-N.NOM.SG, ear-N.NOM.SG
‘An eye, an ear.’
b. Teeki-g, gledi-g.
Device-N.NOM.SG, joy-F.NOM.SG
‘A device, joy.’
c. Ber-g, ker-g.
Berry-N.NOM.SG, tub-N.NOM.SG
‘A berry, a tub.’
While these nouns have oblique forms different from nouns
that take these sounds by suffixation, they could be ambiguous
to the child learner in gender acquisition given the statistical
dominance of nominative singular forms in the input.
Therefore, these nouns are counted as exceptions to the general

patterns stated in (3) in subsequent quantitative analyses.
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The choice of nominative singular suffix is a result of
morphological, rather than phonological selection. The same
root may select for more than one suffix to yield a minimal pair
as in (5a). Some borrowed nouns show variation in the choice
of suffix which in turn affects gender assignment (cf. 5b-c).
(5) a. Seet-i, set-a.

Cutie-Mm, cutie-F
‘Male cutie, female cutie.’
b. Djoku-r, Djok-g.
Joke-M, joke-N
‘A joke.’
c. lpp-a, lupp-g.
loop-F, loop-N
‘A loop.’
There is no productive nominative singular suffix for neuter
nouns. The stem-final segment of neuter nouns can consist of
any phonotactically legal consonant or a vowel (see above).
There are no clear phonological patterns specific to neuter. For
instance, many neuter monosyllabic nouns rhyme with
feminine monosyllabic nouns.
(6) a. Borg-g, torg-g.
city-F, square-N
‘A city, a square.’
b. Ull-g, gull-g,

wool-F, gold-N
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‘Wool, gold.’
Neuter has standardly been assumed to be the default gender in
Icelandic (Steinmetz, 2000; Trosterud, 2006). This assumption
will be challenged later in this paper.*

Most nouns in Icelandic are assigned only one gender.
In case of variation in gender assignment, however, nouns that
lack an overt nominative singular suffix are the primary targets.
These nouns have also undergone gender shifts diachronically
(Noreen, 1903; Iversen, 1922). The attested variation seems
arbitrary. Similarly, there is both inter-speaker and intra-
speaker variation in the gender assignment of some borrowed
nouns in Icelandic. Thus, while the choice of nominative
singular suffix clearly determines the gender of both jeppi and
parandja, the absence of such a suffix seems to correlate with
variation in gender assignment, as shown in Table 4.
Table 4

Gender Assignment of Borrowed Nouns in Icelandic

Noun Gender Meaning
Jepp-i M ‘A jeep’
Parandj-a F ‘Paranoia’

Jogurt-g M, F, N “Yoghurt’

E-mail-g M, N ‘E-mail’

To conclude this section; given the statistical dominance of

nominative singular morphology, it seems plausible to assume



that Icelandic children learn these inflectional patterns early
and use them as base forms in gender acquisition.
Gender Acquisition in Icelandic: A Longitudinal Corpus
Case Study

Data

The data consist of longitudinal recordings of a
caregiver’s speech to an Icelandic-speaking child and the
child’s spontaneous speech in response (Sigurjonsdottir, 2007).
A total of 82 recordings were made approximately once a
month when the child was between the ages of 1;6-4;3 years.
The child-directed speech contained around half a million
tokens, whereas the child’s spontaneous speech contained
around 7000 tokens.
Procedure

Nominative singular noun types were extracted from the
corpus and tagged for gender and suffix. Child and adult data
were analyzed separately. The purpose of the child analysis
was to test whether the same predictions could be made on the
basis of the child’s vocabulary. Both child and adult data were
subjected to a quantitative analysis using the Tolerance
Principle. In addition, the child naturalistic data was subjected
to an error analysis.
Analysis of Child-Directed Speech

The caregiver’s speech contained 478 nominative

singular noun types which constituted approximately 41% of
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all noun types that were produced. Their numerical distribution
by gender and suffix is provided in Table 5. Token numbers are
given in brackets.

Table 5

Numerical Distribution of Nominative Singular Noun Types in

Icelandic Child-Directed Speech

NOM.SG M F N On Productive?
r 63(494) 3(53) 4(57)  70/In70=16 Yes (16>7)
= 82 (449) 4 (55) 8 94/In94=21  Yes (21>12)

(218)
-a 0 133 4(10) 137/In137=28  Yes (28>4)
(593)

g 29(144) 35 134  198/In198=37  No (37<64)
(507)  (721)
Total 174 175 150

Both nominative singular suffixes —r and —i were predicted to
be productive of masculine by the Tolerance Principle, as the
number of non-masculine nouns with these suffixes was below
the exception threshold (6n). Likewise, —a was predicted to be
productive of feminine.

In the absence of a nominative singular suffix, however,
no gender was predicted to be productive. Thus, in spite of the
statistical dominance of neuter within this category, the number
of non-neuter nouns exceeded the exception threshold. As a
result, Icelandic was predicted to lack a default gender in the
absence of a productive nominative singular suffix.

Analysis of Child Naturalistic Production



The child produced a total of 345 nominative singular noun
types which constituted approximately half of all noun types
that were produced. Their numerical distribution by gender and
suffix is provided in Table 6. Token numbers are given in
brackets.

Table 6

Numerical Distribution of Nominative Singular Noun Types in

Child Naturalistic Production

NOM.SG M F N On Productive?
-r 47  3(4) 2(12) 52/In52=13  Yes (13>5)
(167)

i 41 2 4(33) 47/n47=12  Yes (12>6)

(143)  (11)

“a 0 97  4(18) 101/In101=22  Yes (22>4)
(221)

- 30 36 55 121/In121=25 No (55<66)

(108) (122) (178)

Total 118 138 65

The same predictions were made on the basis of the child‘s
spontaneous speech as on the child-directed speech, even if the
child‘s production contained fewer noun types. The child was
predicted to have internalized three productive rules of gender
assignment in the absence of a default gender.

Error Analysis of Child Naturalistic Speech
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The child was 100% target-consistent with nouns that
take suffixes —r, —i and —a in the corpus. This means that the
child had internalized the gender of these nouns before their
second birthday. The child‘s non-target-consistent gender
agreement exclusively targeted nouns that had no overt
nominative singular suffix (—g), with an error rate of 4.6%. The
nouns affected alternated between all three genders. Examples
of this are provided below in Table 7.

Table 7
Non-Target-Consistent Gender Agreement in Icelandic Child

Naturalistic Production

Child Production Target-Consisent Use Meaning
*Krus-id mitt Kris-in  min ‘My mug’
mug-N.DEF  my-N mug-F.DEF my-F
*Falleg-g kjoll Falleg-ur kjoll ‘A beautiful

beautiful-F  dress beautiful-m dress-m dress’
*Ur-inn minn Ur-id mitt ‘My watch’

watch-M.DEF my-M watch-N.DEF my-N

The child’s non-target consistent gender agreement did not
suggest the application of a default gender. Rather, the pattern
attested appeared unsystematic.

Corpora as an Estimate of Linguistic Experience

Corpus data is a sample of linguistic experience. Any
two set of corpora are unlikely to contain the exact same
linguistic items. This is analogous to child language
acquisition; children’s linguistic experience is inevitably

variable.



So far, the corpus analyses in this paper have been
based on small corpora. However, a small vocabulary is
developmentally appropriate in the study of gender acquisition.
Gender, in languages with productive gender assignment rules,
is largely in place by the age of three when children typically
know only a few hundred words (Hart & Risley, 1995; 2003;
Szagun et al., 2006). The question is how children can
converge on the target gender system on the basis of a
vocabulary that is both small and variable from child to child.

One way to address this question is to study differences
between corpora of different sizes and genres. Kodner (2020)
studied the differences between corpora derived from adult
literary genres and child-directed speech in a series of case
studies. He found that once adult literary corpora had been
trimmed by frequency, they had statistically similar type counts
to child-directed speech corpora in spite of lexical differences.
In other words, the main difference between adult literary
corpora and child-directed speech involved low frequency
lexical items. One implication of these findings is that
children’s grammar learning may be based on high frequency
lexical items, rather than adult-size lexicons.

In this section, predictions will be made using the
Tolerance Principle on the basis of an adult online corpus. The

objective is to establish whether the same predictions can be
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made when lexical items are drawn at random using a computer
simulation model from a much larger language sample.
Furthermore, predictions will be formulated on the basis of the
top few hundred most frequent noun types.
Data

The data consist of a corpus of 8.6 million tokens

(https://github.com/hermitdave/FrequencyWords/blob/master/c

ontent/2018/is/is full.txt) that were extracted from the

SUBTLEX corpus (http://www. opensubtitles.org/). Corpora
based on subtitles have been shown to be a good approximation

of spoken languages (https://www.ugent.be/pp/experimentele-

psychologie/en/research/documents/subtlexus).

Procedure

A computer simulation model was run on the corpus.
The model was instructed to draw 500,000 noun tokens, to
match the token size of the Icelandic child-directed speech
corpus, at random and proportionally to word frequencies.
Noun types that occurred less frequently than once per million
words were excluded from the analysis. Nominative singular
noun types were extracted from the sample and categorized by
gender and suffix. They were then subjected to a quantitative
analysis using the Tolerance Principle.
Results

563 nominative singular noun types were attested in a

random sample of 500,000 words in the SUBTLEX corpus.
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Their numerical distribution by gender and suffix is provided in
Table 8. Token numbers are given in brackets.

Table 8

Distribution of Noun Types by Gender and Suffix in the

SUBTLEX Corpus

NOM.SG M F N On Productive?

r 134  4(66) 5(25)  143/In143=29 Yes (29>9)
(1483)

4 97 (746) 4(62) 17(534) 118/In118=25  Yes (25>17)

“a 1(617) 92 2(15) 95/In95=21 Yes (21>3)
(808)
g 20 (596) 69 125 214/In214=40  No (40<89)

(1392)  (1441)

Total 252 169 142

The Tolerance Principle made the same predictions based on
the SUBTLEX corpus as on Icelandic child-directed speech (cf.
Table 5) in spite of differences both in terms of lexical items
and type counts.
Formulating Predictions for Small Vocabularies

Table 9 shows the predictions of the Tolerance
Principle on the basis of the top 100 and top 300 most frequent
nominative singular noun types in the SUBTLEX corpus.
Table 9
Distribution of the most Frequent Noun Types in the SUBTLEX

Corpus by Gender and Suffix
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NOM.SG M | \ O | Productive? |
Top Top Top Top Top Top Top Top Top Top
100 300 100 300 100 300 100 300 100 300
- 20 68 2 5 0 3 7 17 Yes Yes
—i 24 47 1 7 2 9 8 14 Yes  Yes
-a 0 1 22 74 1 5 7 18 Yes  Yes
—0 10 15 9 27 14 28 9 16 No No

The Tolerance Principle made the same predictions as before,

irrespective whether the analysis was based on the top 100 or

top 300 most frequent noun types.

Children are unlikely to know the exact same words and their

Children‘s linguistic experience is inevitably variable:

Discussion

vocabulary sizes differ, even for children at the exact same age.

In spite of lexical differences, however, children acquiring the

same language are able to discover what the target grammar is.

The Tolerance Principle operates on types. As a

consequence, what matters for learning is the number of lexical

items that exhibit a specific property, rather than which exact

lexical items those are. In this section, | have shown that while

the type counts of grammatical properties may differ from

corpus to corpus, the predictions are the same. This is because

the proportion of exceptions that go against a linguistic pattern

relative to the types that conform to a linguistic pattern yields

the same results, regardless of the exact number of types

involved in the calculations.

shown to converge on high frequency lexical items (Kodner,

Child-directed speech and adult corpora have been



2020). Therefore, it is plausible that children base their
grammar learning mainly on high frequency lexical items. An
analysis of the most frequent noun types in the SUBTLEX
corpus using the Tolerance Principle predicted an early division
between productive and unproductive suffixes in Icelandic
gender assignment.
Experimental Study

Participants

26 children (M = 4;5 years, SD = 1.33 years, age range
= 2;9-6;3 years; 14 females, 12 males) and eighteen adult
controls participated in this study. An additional four children
participated, but were excluded from analysis due to failure to
understand the task or unwillingness to engage with the game.
Children were recruited from a day-care center in suburban
Reykjavik, where the study was conducted. Adult participants
were recruited at the University of Iceland, Reykjavik. All
participants were native speakers of Icelandic with normal
hearing and normal to corrected-to-normal vision. No
participant identified as bilingual/multilingual or reported to
have a history of language delay.
Design

An elicited production task was designed with two
conditions: Productive and Unproductive. In the Productive
condition, participants were exposed to a novel noun with

either suffix —r, —i or —a. In the Unproductive condition,
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participants were exposed to a novel noun, monosyllabic or
disyllabic, that did not bear such a suffix.
Predictions

The Tolerance principle predicted that participants
would make categorical suffix-based choice in gender
assignment in the Productive condition, but arbitrary gender
choices in the Unproductive condition.
Materials

28 nonce nouns were designed. The novel nouns all
conformed to phonetic and phonological restrictions in
Icelandic. To control for phonological neighborhood density,
the Phonological Corpus Tools software (Hall et al., 2016) was
used to check for minimal pairs with nouns included in Pind’s
(1991) frequency list of Icelandic. The stem-final segment of
novel nouns in the Unproductive condition could be any
consonant except /r/. The novel nouns are given in Table 10.
Table 10

Test Items by Nominative Singular Suffix

- i —a  -gMS —o DS
Lerfur Krandi Bukla  Rdf Kutes
Sappur Lerri Rala Kurk Ratef
Maekur Tukki  Hdla Mirg Farem
Tirgur Dubbi Darga  Suf Mukaf

Moka  Gleef Silam

Foma  Lirg Ruatis



Turk Teekill

The novel nouns were paired with inanimate novel objects from
the Novel Object and Unusual Name (NOUN) database (Horst
& Hout, 2016). Figure 1 shows an example of a novel object
used in the study:

Figure 1

A Novel Object at Exposure to Test

fQ &

There were fourteen test items per condition. The test items
were organized into seven trials. In each trial, the participant
was presented with four test items, two for each condition, in a
randomized order.

The test sentence served the purpose of a magical charm
to be uttered by the participant in lieu of more traditional
charms like ‘hocus pocus’. The construction induced gender
agreement on the definite suffix and possessive pronominal, as
shown for real nouns in (7):

(7)  a. Hvar erhattu-r-inn  minn?
where is hat-M.DEF.SG my-M

‘Where is my hat?’
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b. Hvar er penn-i-nn minn?
where is pen-M.DEF.SG my-M
‘Where is my pen?’
c. Hvar er kann-a-n min?
where is mug-F.DEF.SG my-F
‘Where is my mug?’
d. Hvar er egg-id mitt?
where is egg-N.DEF.SG my-N
‘Where is my egg?’
The construction was chosen in light of the fact that children
acquiring Icelandic have been shown to comprehend and
produce main clause wh-questions early. Moreover, wh-
questions with where are among the earliest interrogative
questions attested in Icelandic child language, with no reported
erroneous use (Sigurjonsdéttir, 1991).
Procedure
The task was embedded in an animated interactive
movie that was played off a computer screen. The movie was
designed using Animaker, an online animation video maker and
was thirteen minutes long. Children and adults were tested
individually in a quiet location at a day care center and at the
University of Iceland.
The objective of the task was to help the movie’s story
protagonist obtain novel toys by magic. However, in order for

the novel toys to come to reality, the participant had to be able



to use the name of the novel toy in a sentence at test. The
participant was shown a picture of the novel object and heard
its name twice in syntactic contexts where the nominative
singular is obligatory, as (8) demonstrates.
(8) a. betta er lerfur.
this is lerfur-mM.NOM.SG.
‘This is a lerfur.’
b.Vva! Lerfur!
wow lerfur-mM.NOM.SG.
‘Wow! A lerfur!’
After the participant had produced the test sentence, the novel
object appeared by magic as shown in Figure 2.

Figure 2

Magic at work in the Test Scene

Prior to test, there was a training session in which the
participant observed the story protagonist either succeed or fail
with the magic. The purpose of these scenes was to provide the

participant with both positive and negative reinforcement.
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Subsequently, the participant was trained on three real nouns of
each gender.
Results

Children

Children’s behavior across the two conditions is
summarized in Figure 3. Dots represent individual performance
in each condition. Bars are standard error. Productive gender
assignment in the Productive condition corresponds to mean
systematic suffix-based choice of gender: Masculine for nouns
with —r or —i, feminine for nouns with —a. In order to confirm
the unproductivity of neuter in Icelandic, productive gender
assignment in the Unproductive condition corresponds to mean
neuter assignment.
Figure 3
Children: Gender Assignment across Conditions

100-

-1
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% Productive Gender Assignment

Productive Unpruclluclive
Condition

Children made a categorical, suffix-based choice of either
masculine or feminine in the Productive condition. They
assigned masculine consistently to novel nouns with either

suffix —r or —i (M =0.99, SD =.037, SE =.007). Likewise,
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they assigned feminine consistently to novel nouns with the
suffix —a (M = 0.98, SD = .04, SE = .009). The percentage of
neuter assignment in the Productive condition was 2.35%,
which is not statistically significant from zero. In the
Unproductive condition, children did not make a systematic
choice of neuter (M =0.29, SD = 0.28, SE = .05). A paired t-
test confirmed a significant difference between the means of
the two conditions: t(25) =11.93, p < .001.

Figure 4 shows the distribution of children’s responses
in the Unproductive condition. Omission was defined as silence
at test. Variable assignment was defined as the repetition of a
test item twice, or more often, with variable gender agreement.
Figure 4
Children: Gender Assignment in the Unproductive Condition
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Gender assignment in the Unproductive condition was
characterized by a great deal of inter-and intra-speaker
variation. Collectively, the children did not behave
categorically in this condition, although six children did make

categorical choices of gender. Nevertheless, these children
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were categorical in different ways: Three assigned feminine
categorically or near-categorically, two assigned masculine
categorically and one assigned neuter categorically.

A paired t-test revealed no significant difference

between mean neuter assignment of monosyllabic and

disyllabic nouns: t(24) = -0.52, p = 0.61. Figure 5 shows gender

assignment of monosyllabic and disyllabic nouns in the
Unproductive condition.

Figure 5

Children: Gender Assignment and Syllable Number in the
Unproductive condition
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In order to assess the relationship between age and

neuter assignment, a simple regression analysis was conducted.

The relationship is visualized in Figure 6. The result of the
analysis showed no correlation between age and mean neuter
assignment (r = .09).

Figure 6

Effect of Age on Neuter Assignment
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Adults

Adults’ behavior across the two conditions is
summarized in Figure 7. Dots represent individual performance
in each condition. Bars are standard error. As before,
productive gender assignment in the Productive condition
corresponds to mean systematic suffix-based choice of gender:
Masculine for nouns with —r or —i, feminine for nouns with —a.
In order to confirm the unproductivity of neuter in Icelandic,
productive gender assignment in the Unproductive condition
corresponds to mean neuter assignment.
Figure 7
Adults: Gender Assignment across Conditions
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Adults made a categorical, suffix-based choice of either
masculine or feminine in the Productive condition. They
assigned masculine at ceiling (100%) to novel nouns with
either suffix —r or —i. Similarly, they assigned feminine
consistently to novel nouns with the suffix —a (M = 0.99, SD =
.03, SE = .009). Mean neuter assignment in the Productive
condition was 48% (SD = 0.24, SE =.013). A paired t-test
confirmed a significant difference between the two conditions:

t(17) = 9.32, p < .001.

Figure 8 displays the distribution of adults’ responses in
the Unproductive condition.
Figure 8

Adults: Gender Assignment in the Unproductive Condition

100- .

75-

50-

Percentage

0- |

Feminine Masculine Neuter Variable
Gender

Gender assignment in the Unproductive condition was
characterized by inter-and intra-speaker variation. Collectively,
adults did not behave categorically in this condition, although

three chose consistently neuter.



A paired t-test showed no significant difference
between mean neuter assignment of monosyllabic and
disyllabic nouns: t(17) = -0.24, p = 0.81. Figure 9 shows the
distribution of gender assignment by syllable number.
Figure 9
Adults: Gender Assignment and Syllable Number in the
Unproductive Condition
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Discussion

Overall, there were minimal differences between
children’s and adults’ behavior in the task. However, adults
assigned neuter significantly more frequently than children, as
measured by a Welch’s t-test: t(31.54) = 2.39, p = .023. There
was no effect of age on children’s performance. This suggests
that a categorical distinction between productive and
unproductive suffixes in Icelandic gender assignment can be
made before the age of three on the basis of lexical experience,
as predicted by the Tolerance Principle.

An Alternative View of Productivity

Productivity: Categorical or Gradient?



The Tolerance Principle predicted a categorical division
between productive and unproductive processes in Icelandic
gender assignment. However, a body of research has argued for
an alternative view of productivity. On this view, productivity
should be viewed and measured as a gradient phenomenon
(Hay & Baayen, 2005; McClelland & Bybee, 2007). As a
consequence, the difference between productive and
unproductive patterns is not a categorical one and a pattern may
be semi-productive.

A series of metrics to quantify morphological
productivity at a scalar level have been proposed by Baayen
and colleagues (Baayen, 1989; 1992; 1993; 2009). All of the
metrics are centered around hapax legomena, namely singleton
words that appear precisely once in any given corpus. The
general idea is that low token frequency should be a strong
indication of productivity, given that lexicalized types in
general have a higher token frequency than unlexicalized types.

The most studied metric proposed by Baayen and
colleagues is P, which measures whether a given process is
productive or not on the basis of token frequency. P is stated in
(9), where n1 represents the number of singleton words that a
process applies to and N is the sum of the token frequencies of
these items.

@ N=n/N
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The primary goal of P is to give a statistical measure of the
probability of encountering new types (Baayen, 1993, p. 183).
The larger the number of possible types, the more likely it is
that they will not all occur in a given corpus or that some of
them will occur only once.

A second metric, P*, compares one process against all
other processes (Baayen, 1993). P* is stated in (10), where N1
represents the total number of all singleton words that a process
applies to.

(10) P*=n1/N1
The primary goal of P* is to give a numerical estimate of the
relative rate at which a category is expanding.

Baayen (1993, p. 194) proposed that P and P* should be
viewed as two complementary measures; the primary use of P
being to distinguish between productive and unproductive
processes as such, while P* ranks proceses by degrees of
productivity.®

Baayen‘s P and P* metrics were not explicitly designed
to account for learning. Nevertheless, they have clear
implications for learning. A comparison of the predictions of
the Tolerance Principle and Baayen‘s metrics contributes to the
dispute whether morphological learning involves detecting
categorical or gradient patterns. Therefore, the three data sets

presented in this paper were subjected to quantitative analyses
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using Baayen‘s P and P* metrics and their predictions
evaluated against the empirical results.

Analysis using Baayen‘s P and P* metrics

Both P and P* are gradient measures of productivity, whereas
the results of the elicited production task suggest that both
children and adults make a categorical distinction between
productive and unproductive suffixes in Icelandic gender
assignment. This does not necessarily invalidate P and P* as
quantitative measures. For instance, it is conceivable that there
exists some quantitative threshold value that can be used to
define productivity or absence thereof. How to construct such a
threshold is beyond the scope of this paper. However, in the
analysis below, | demonstrate important inconsistencies of the
two metrics and discuss what gives rise to them.

Table 11 provides the results of a quantitative analysis
using Baayen’s P and P* metrics on Icelandic child-directed
speech (adult), child naturalistic speech (child) and the
SUBTLEX corpus. The denominator of P was the total number
of tokens that take a particular suffix. The denominator of P*
was the sum of all singletons attested for each gender.

Table 11

Quantitative Analysis of Adult, Child and SUBTLEX Corpora
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Corpus M F N
—r i —-a_  —a | T —i —-a -4 | -r i —-a_ g
Adult
P 014 019 0.03 0.15]021 012 0.11 0.08|0.88 0.08 09 0.12
p* 0.38 049 0.01 01301 0.03 053 0340 0.03 0.53 0.34

Child
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P 002 005 09 05409 089 02 035|078 025 0.27 0.35

P* 048 025 003 019001 013 074 0.7 |0.09 02 0.33 0.58
SUBTLEX

P 0.04 005 O 0.02 1003 01 0.05 0.03|0.28 022 O 0.04

P* 059 037 0 0.11 ] 0.022 0.067 048 061]0.01 016 O 0.013

There were two major types of inconsistencies in the values of

the measures. First, P yielded radically different values

depending on the corpus size due to its reliance on token counts

(see Bauer, 2001, p. 153 for similar concerns). As a result,

productive suffixes could be assessed as less productive than
unproductive suffixes. Bold font in Table 11 indicates values

that predict the productivity of unproductive patterns.

P* ranked suffixes more accurately; i.e. —r and —i were

predicted to be most productive of masculine and —a was

predicted to correlate with high or semi-productivity of

feminine. Still, the ranking of the productive suffixes was

variable between the two corpora (e.g. the productivity of —r
and —i to masculine). This is because the value of P* is
dependent on type counts which may vary between suffixes
from corpus to corpus. As a result, the prediction for gender
acquisition is that children should treat these suffixes
differently depending on their type counts. However, neither

children nor adults made such a distinction between the three

productive suffixes in the elicited production task. Instead, they

made a categorical distinction between productive and

unproductive suffixes which is unaccounted for on a gradient

approach to productivity.
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General Discussion and Conclusion

In this paper, | have presented an approach whereby
gender acquisition is driven by a search for productive patterns.
Prior accounts have proposed that transparency is predictive of
children’s behavior in gender acquisition. I argue that
transparency is a direct reflection of productivity. As a
consequence, | propose that the term transparency be replaced
with productivity.

Typological research on gender systems has revealed a
wide range of possible gender assignment patterns (Corbett,
1991; 2013). Therefore, a theory of gender acquisition is
needed that can account for how children can detect any kind of
gender assignment pattern; be it semantic, morphological or
phonological.

The present theory offers a general approach to how
children detect gender assignment patterns. | have shown how
predictions can be made using corpora as an estimate of the
child’s lexical experience in gender acquisition. As a result, any
generalization about gender assignment can be subjected to the
kind of quantitative analysis, proposed here, to make testable
predictions.

Prior accounts of learning have argued that children
categorically follow patterns that are frequent in the input in
either experimental or naturalistic settings (Hudson Kam &

Newport, 2005; 2009; Newport, 2019). However, a learning



account must also be able to explain why children fail to
generalize categorically on the basis of high frequency forms.
Roughly a third of all noun tokens in Icelandic are neuter.
Neuter nouns are also statistically dominant in the class of
nouns that lack an overt nominative singular suffix. Still, neuter
was not consistently chosen in the Unproductive condition. The
unproductivity of neuter was predicted by the Tolerance
Principle due to the number of masculine and feminine nouns
of the same pattern.

Results from artificial language learning studies have
shown that children tend to regularize linguistic patterns in the
input data, even when these patterns show variability or
inconsistencies (Hudson Kam & Newport, 2005; 2009). Thus,
children do not merely reproduce the input statistics. However,
the same studies found a different behavioral pattern for adults.
Unlike children, adults matched the token frequencies of
linguistic patterns instead of producing them in a categorical
fashion.

Children and adults‘s response patterns in the present
study were strikingly similar. The main difference involved the
choice of neuter in the Unproductive condition, where adults
used neuter significantly more often than children. This may
suggest that some adult participants were trying to match the
input statistics. Prior studies have shown that adults use

irregular forms more often than children in experimental
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settings (see e.g. Berko, 1958). The source of child and adult
differences in experimental settings remains unclear. In the
present study, however, differences were only apparent in the
Unproductive condition.

The results of the present study suggest that learning
involves forming type-driven generalizations. Many
contrasting theoretical approaches have recognized the role of
type frequency in productivity. However, the main point of
contention has been the division line between productive and
unproductive processes. For instance, Bybee’s (1985) Network
model argues against a categorical division between productive
and unproductive processes. Instead, the degrees of
productivity of both productive and unproductive processes are
determined by their token frequencies. As we have seen, such
an approach makes inaccurate predictions with respect to
Icelandic gender assignment. Baayen’s approach is in the same
gradient spirit and both types and tokens are made use of in his
productivity calculations.

The empirical results presented in this paper do not
support a gradient view of productivity: There were no
differences in the degrees of productivity of the three suffixes
in the Productive condition. In spite of statistical dominance,
neuter was not consistently chosen in the Unproductive
condition. Rather, the absence of a default gender manifested

itself in inter-and intra-speaker variation. Hence, productivity



resulted in categorical, uniform responses, whereas absence
thereof resulted in inconsistency and differences in response
patterns.
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1 The term RULE is used in an atheoretical way in this paper and is compatible with other related terms such as
PATTERN, REGULARITY Or SCHEMA. On the present approach, rule formation is a consequence of a search for
productive patterns in language acquisition. The author makes no commitment as to how rules discussed in this
paper should be formulated or represented in theoretical terms.

2 There exist two other correlations between nominative singular forms and gender assignment in Icelandic.
Namely, nouns that end in either —ing or —un are invariantly feminine. However, only five noun types with —ing
and two with —un were encountered in a corpus of child-directed speech (Sigurjénsdéttir, 2007). It is, therefore,
a possibility that these patterns are not frequent enough to be detected by young children in gender acquisition.
3 The majority of nouns in this class have an /u/ inserted between the suffix —r and —i. This is standardly
assumed to be the result of an epenthesis rule (Thréinsson, 2017). Therefore, /u/ forms part of the suffix
derivationally and is not considered inflectional in theoretical terms. In other words, the epenthesis is a purely
phonological process, independent of gender assignment, that is triggered automatically under suffixation.

4 In linguistic research, default forms are expected when agreement is inert like, for instance, in the case of
clausal subjects. However, it is at present unclear what role such forms play in the acquisition of gender
assignment rules. For instance, Tsimpli and Hulk (2013) pointed out that children acquiring Dutch and Russian,
over-generalize masculine despite that theoretically neuter has been claimed to be the default in both languages.
5 Baayen has proposed additional metrics to address some concerns raised by his critics, but discussing them
specifically is beyond the scope of this paper. The later metrics introduced by Baayen all rest on the same
theoretical assumptions.
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