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Abstract

In order to understand how children cope with the enormous varia-
tion in structures worldwide, developmental paths need to be studied
in a sufficiently varied sample of languages. Because each study re-
quires very large and expensive longitudinal corpora (about one mil-
lion words, five to seven years of development), the relevant sample
must be chosen strategically. We propose to base the choice on the
results of a clustering algorithm (fuzzy clustering) applied to typologi-
cal databases. The algorithm establishes a sample that maximizes the
typological differences between languages. As a case study, we apply
the algorithm to a dozen typological variables known to have an im-
pact on acquisition, concerning such issues as the presence and nature
of agreement and case marking, word order, degrees of synthesis, poly-
exponence and inflectional compactness of categories, syncretism, the
existence of inflectional classes etc. The results allow deriving small
samples that are maximally diverse. As a side result, we also note
that while the clustering algorithm allows maximization of diversity
for sampling purposes, the resulting clusters themselves are far from
being discrete and therefore do not reflect a natural partition into basic
language types.

1. Introduction

After many decades in which universals have played the main role in both
typology and language acquisition research, a hitherto much neglected fea-
ture of human languages has taken center stage again: diversity. In typol-
ogy, claims about universal grammar have been increasingly disputed and,
elaborating on this trend, Evans & Levinson (2009) argue that cognitive sci-
entists have not been sufficiently aware of the range of linguistic diversity
and therefore have artificially limited the domain of human cognitive abilities
that they can possibly cover. Evans and Levinson argue that languages can
vary in many more and many more substantial dimensions than commonly
assumed in the cognitive sciences and that this defines new and important
challenges: How can structures with this range of variability be parsed and
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learned, given the genetic unity of our species? From this perspective, one
of the most pressing tasks in language acquisition research is to explain how
children can cope with the variation in the languages of the world.

This contrasts with what has dominated language acquisition research
for a long time: the assumption of a genetically given Language Acquisition
Device (LAD), containing the abstract syntactic principles that are precon-
ditions for the acquisition of any conceivable human language (Chomsky
1968, 1980). The assumed content of the LAD has changed drastically over
the years. In earlier versions, the LAD was assumed to consist of formal
principles organizing grammar, while later developments added parametric
variation (Chomsky 1981; Hyams 1986; Borer & Wexler 1987). In current
proposals, the LAD is often narrowed down to one single feature, namely
recursion (Fitch et al. 2005). However, even this last universal has not re-
mained unchallenged, and it is an open issue whether recursion is specifically
linguistic or even specifically human (Everett 2005, 2009; Evans & Levinson
2009; Van Valin 2009). Interestingly, the reduction of the LAD to the single
issue of recursion narrows the gap between generativist and non-generativist
approaches to language acquisition: for both approaches, the main challenge
now is to explain how children can cope with the known variation of struc-
tures, and for all practical purposes, it seems a relatively minor issue whether
recursion is part of the variation or whether recursion is the one mechanism
that children don’t have to learn from the input.

In this paper, we propose a new strategy of sampling languages that
allows more systematic attention to cross-linguistic variation in language ac-
quisition. We first discuss the need for this attention in more detail (Section
2) and briefly summarize the state of the art in cross-linguistic acquisition
research (Section 3). After discussing traditional sampling methods in typol-
ogy in Section 4, we introduce our own method in Section 5 and illustrate it
by way of a case study targeted to research on complexity in acquisition in
Section 6. We then discuss further interpretations of the results in Section
7 and draw general conclusions in Section 8.

2. Variation and language acquisition

In order to make any progress in studying language acquisition as a general
human feature, we need a full appreciation of variation in languages and,
therefore, need acquisitional data from languages as diverse as possible. The
sample of languages is important because the structure of the languages un-
der investigation has a far-reaching impact on theory. In the past decades,
research has typically focused on the acquisition of some regular features of
English grammar and this influenced theory building to a significant degree.
The focus on English grammar resulted in the theoretical claim about lan-
guage learning as a rule-based mechanism, and this has been advocated by
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many researchers as the predominant general linguistic learning mechanism
(most pronouncedly by Pinker 1994).

Rule-based learning seems to work well for instance in describing the
acquisition of the English plural (Berko Gleason 1958) or the English past
tense (Pinker & Ullman 2002). The English plural is structured in such a
way that there is a large number of regular forms for which rule-based learn-
ing can be postulated, and only a small number of irregular forms which
have been claimed to be learned like lexical items. The postulation of a gen-
eral rule-based learning mechanism for the acquisition of the plural and the
distinction between regular and irregular forms, however, is most likely an
artifact of English grammar. The theory does not generalize to even closely
related languages, such as German. Studies on the acquisition of the Ger-
man plural suggest that German plural acquisition is better explained by a
schema model, and only a systematic comparison of English and German
was able to show that schema learning can explain the acquisition paths
of both languages (Kopcke 1998; Behrens 2002). The distinction between
regular and irregular forms and thereby the role of rule-based learning more
generally becomes even more questionable in languages that are very differ-
ent from the typical Indo-European languages, such as, for instance, Dinka
(Western Nilotic) in which we do not find distinctions between regular and
irregular number morphology at all (Ladd et al. 2009).

The assumption of rule-based learning is also difficult to maintain in
other grammatical domains, such as for instance in the acquisition of the
grammatical category of Russian aspect. It is very well possible to postulate
several rules for determining the aspectual values of Russian verb forms,
but it is far from obvious how many regular forms should be postulated
and which rules children would in fact derive from the data when learning
the relevant aspectual distinction. In this case again, rule-based learning
does not explain well the acquisition process, and a context-based approach
performs better (Stoll 1998, 2005). These examples show that variation is a
crucial testing ground for theories, and theories that have been tested only on
one language underestimate the learning tasks involved in language learning
more generally.

Lately, cross-linguistic studies of language acquisition on a large variety
of languages have indeed shown evidence that typological variables influence
the course of acquisition, and to a certain extent, the conceptualization of
reality. Farlier assumptions of universals or of learning strategies that are
based on the primacy of a putatively universal conceptual development have
found little support. Rather, language-specific factors seem to be more rel-
evant for the acquisition process. Even those cognitive domains that were
traditionally assumed to be uniform across human societies, such as spatial
cognition, have recently been shown to exhibit an impressive amount of vari-
ation across cultures and languages (Bowerman & Levinson 2001; Levinson
2003). Depending on how a language structures space, children focus on the
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relevant features relatively early in their development (e.g., Choi & Bower-
man 1991). Further, in their earliest development children have been noted
to express motion events according to the patterns found in their native lan-
guage and not according to what are sometimes assumed to be universally
uniform conceptual patterns (Berman & Slobin 1994).

Another domain for which universal behavior has been assumed but that
has been challenged lately is the preference for nouns in early acquisition.
It has been claimed (Gentner 1982; Gentner & Boroditsky 2001) that nouns
are learned more easily and earlier than verbs because things are assumed
to be conceptualized in easier ways than events and that this represents a
cognitive universal. Recent research, however, has shown that here is no
universal preference in whether children focus in their early vocabulary on
nouns or verbs. What matters instead are language-specific issues such as
the distribution of nouns and verbs in the input (Tardif 1996), differences
in the morphological complexity of these categories (Stoll et al. 2012) and
language-teaching strategies (Choi 2000; Tardif et al. 1997). These findings
again show that linguistic variation has a key role to play when we try to
understand how children acquire language.

3. The data scarcity problem

However, the main problem in studying cross-linguistic diversity in acquisi-
tion research is the scarcity of data we have. Despite efforts by Dan Slobin
and colleagues to increase our database on language acquisition over the past
three decades, the sample of languages for which we have language acquisi-
tion corpora is still very limited and makes up less than 0.1% of the 6000-7000
languages spoken today (Stoll 2009; Lieven & Stoll 2010). There are corpora
from 37 languages publicly available.! These corpora are transcribed. Some
of them are morphologically glossed, and only very few come with transla-
tions into better known languages which complicates comparative research.
There exist several privately owned corpora, which are, however, not readily
accessible.

What is worse is that the available corpora are very much biased toward
Indo-European languages spoken in Europe (Map 1). This bias has not only
an effect on the research questions we can ask but also on the results we get
and the subsequent generalizations we make. Some of the very prominent
features of European languages are quite rare outside of Europe, such as a
definite versus indefinite article distinction, relative pronouns, ‘have’-based
perfects, participle-based passives, and so on (van der Auwera 1998; Haspel-
math 1998, 2001), but it is exactly about the acquisition of these features
that we know a lot about, at the expense of other, more widespread features
in the rest of the world. In addition, the languages spoken in Europe are

!Via cHiLDES (Child Language Data Exchange System), http://childes.psy.cmu.edu/.
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Map 1. Languages for which there are longitudinal corpora in the CHILDES
database (as of 2013).

quite homogenous in many respects. As a result, in concentrating predom-
inantly on features of European languages, we get very biased results and
miss the full range of diversity of acquisition challenges. Since a great per-
centage of the languages spoken in the world are endangered, it is high time
to document not only the grammar but also the acquisition process. If we
alm at comparative work using longitudinal corpora, however, the choice of
languages is complicated. The development of a corpus is too expensive an
enterprise to be limited to the study of a single or a small set of variables
as one would do in an experiment. Instead, a corpus is expected to sup-
port research on many different aspects of acquisition. This makes it unclear
which languages one should choose when setting up a comparative sample
of corpora. As a result, acquisition research has to address similar sampling
issues already well known in typological research.

4. Traditional approaches to sampling

When typology started to adopt quantitative methods, sampling became an
increasingly important issue (Bell 1978). Given the fact that the language
documentations available are not distributed evenly across language families
and that the documentation of these languages also varies substantially in
quantity and quality, a number of biases are virtually unavoidable: bibli-
ographical bias (strong bias away from smaller languages and families and
areas that are difficult to access), genealogical bias (as a result of the bib-
liographic bias), areal bias, typological bias and cultural bias (Rijkhoff &
Bakker 1998; Bakker 2011). The available sample of languages we have can
thus hardly achieve representativity.

Rijkhoff et al. (1993) identified two main approaches to sampling in typol-
ogy: one approach aims at statistical estimates on frequencies, preferences,
or areal patterns in the languages of the world. This type of sampling is
called probability sampling. Various sampling methods of this type are dis-
cussed and illustrated in Bell (1978), Perkins (1989), Dryer (1989), Bickel
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(2008), among others. The second approach aims to capture the extent of
variations, regardless of probabilistic estimates of feature distributions. Ri-
jkhoff and colleagues call this approach diversity sampling, and it is this type
of approach we focus on in this paper.

The diversity sampling method proposed by Rijkhoff et al. (1993) is based
on genealogical taxonomies. The internal structure of the taxonomies is used
to estimate diversity within families. Depending on the depth and the width
of the tree, the number of languages for a given family is taken to define the
family’s proportion in the required sample. A key problem of this approach,
however, is that genealogical taxonomies are not necessarily a reliable indi-
cator of typological diversity: as Nichols (1996) has emphasized, the kind
of variables that define genealogical groups and tree shapes have a very dif-
ferent nature from the kind of variables that define typological diversity.
For genealogical grouping one relies on arbitrary, idiosyncratic features that
(ideally) meet Nichols’s statistical threshold for an individual-identifying fea-
ture (also see LaPolla, this volume). By contrast, typological variables are
typically not idiosyncratic, often externally (functionally) motivated, and
therefore orthogonal to the genealogical taxonomies.

In the following, we develop an alternative method for diversity sam-
pling, specifically tailored to the needs of comparative language acquisition
research but with possible applications beyond this. Rather than relying on
genealogical taxonomies, our method is based on typological variables.

5. An alternative: Clustered Sampling

The key challenge in sampling languages for developing longitudinal corpora
comes from three conflicting constraints:

1. The sample size should be as small as possible because the development
of longitudinal corpora is extremely time consuming and expensive.

2. The sample size should be large enough to cover as much structural di-
versity as possible.

3. The sample should allow contrastive studies of pairs (or other small
groups) of languages in which many variables can be kept constant and
only few variables vary.

The first concern is a practical one, but it severely limits what can re-
alistically be done. In our own experience, developing a longitudinal corpus
of a single, previously under researched language takes five to seven years, a
dozen native speaker assistants for transcription and translation work, and
another dozen linguists for grammatical tagging. The reason for this is that
longitudinal corpora are useless for acquisition research unless they cover a
sufficiently long period (at least one year) and that for statistical purposes
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the individual recording sessions during the period need to be fairly long (at
least an hour per month). Further, corpora should not be limited to a single
child because there is substantial variation between individuals, and there is
always a nonnegligible chance that a child’s development is atypical.

The second constraint derives from the theoretical desideratum that a
full understanding of language acquisition must include an account of how
children learn any kind of structure, as common or uncommon it may happen
to be in the languages of the world. In other words, ideally we need full cov-
erage of diversity. The sample sizes that this requires are in the thousands,
which is obviously in conflict with the first constraint.

The third constraint is motivated by the kinds of questions that are of
interest to comparative language acquisition research: in order to determine
the impact of a specific variable on acquisitional pathways, we need to be able
to keep other variables as constant as possible. For example, in order to find
out the impact of differences in verb morphology, we need to keep variables
of word order constant because there is evidence that verb morphology is
learned differently in verb-peripheral versus verb-medial languages (see Stoll
et al. 2012, for discussion). The most straightforward and most economical
way of making such research possible is by forming pairs of languages that
differ in one variable but are identical or at least very similar in many oth-
ers. This again leads to large sample sizes: already when considering ten
variables, allowing three types (values) each (e.g. verb-initial, verb-medial,
and verb-final order; or separative, cumulative, and distributive exponence
of tense markers), there are thirty possible pairs of languages such that each
pair differs in only one of the ten variables.?

In order to find an optimal compromise between the three constraints,
we translate the sampling problem into a problem of cluster analysis because
cluster analysis shares our general goal: grouping data into sets such that the
variation within sets is smallest (Constraint 3) and variation between sets is
largest (Constraint 2). Constraint 1 defines the upper limit of sets, and this
corresponds to the special family of cluster analysis known as partitioning
methods (Kaufman & Rousseeuw 1990): these methods start from a prede-
fined number of sets and allocate the data to these sets so as to minimize
within-set and maximize between-set variation.

For our purposes, however, we are not so much interested in the exact
boundaries of the sets. What is more interesting is to find sets with prototype
effects (of the kind familiar from categorization research): we can find an
optimal balance between the three constraints if we can partition languages
into few sets (Constraint 1) in such a way that each set contains two or three
prototypes (best exemplars) that are very different from the prototypes of
other sets (Constraint 2) but very similar among themselves (Constraint 3).

2@enerally, n variables V; ...V, with k; types allow 22;1 (k;

factorially with k£ and additively with n.

) such pairs, which grows
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Fortunately, there is a well-established type of partitioning method with
exactly these properties: fuzzy clustering. The method is based on the for-
mal notion of fuzzy sets, that is, sets to which members belong with a cer-
tain probability between 0 and 1 (the membership coefficient). Kaufman &
Rousseeuw (1990) introduced an iterative algorithm for optimizing member-
ship coefficients such that they minimize within-set dissimilarity (distance)
and maximize between-set dissimilarity, given a predefined number of sets
(also cf. Maechler et al. 2005). Dissimilarities can be estimated by distance
measures such as Hamming distances, that is, by the proportion of variables
in which languages have the same values. The result is a list of sets and
estimates of the degree to which each language belongs to any one of these
sets, for example, language L1 may belong to set A to 85% and to B to 15%;
Lo to A to 60% and to B to 40%; L3 to A to 10% but to 90% to B and so
forth.

From each set, we can then extract the two languages that have the
highest membership coefficients (but possibly also considering practical is-
sues like degrees of endangerment): these are the prototypes of the sets and
will necessarily be very similar to each other (satisfying our Constraint 3).
By virtue of best representing their sets, they at the same are maximally
different from the prototypes of all other sets (satisfying Constraint 2).

In the following section, we illustrate the method through a case study
that is of key interest to acquisition research: variation in complexity.

6. An example: a clustered sample capturing complexity variation

As Nichols (2008) has proposed, complexity chiefly arises from the number
of variants available to language users and from the amount of information
needed for explaining the choice among variants. From an acquisitional
point of view, the relevant areas of grammar are chiefly morphology and
word order: complexity in morphology is known to slow acquisitional curves,
but this also interacts with the position of morphology-rich forms at the
periphery, as opposed to the middle of utterances because periphery positions
are known to be more salient psychologically (Slobin 1973, 1985; Tardif et al.
1997; Stoll et al. 2012:among others). In response to this, we selected for our
case study a series of morphological variables and one word order variable:

VERB POSITION: A four-way distinction between verb-initial, verb-medial,
verb-final, and unconstrained structures as the basic (most common, de-
fault) word order of a language. Data source: Dryer (2005b) and an
expanded dataset from Nichols (1992) in AuTOTYP.*

3 Where data come from different databases, we merged them if the proportion of languages
for which the databases had conflicting information was less than 5% of the number of
languages for which the databases had shared information at all.

“See http://www.wals.info and http://www.uzh.ch/spw/autotyp.
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VERB AGREEMENT: Presence versus absence of some kind of verb agree-
ment. Data source: expanded dataset from Nichols & Bickel (2005) and
Bickel & Nichols (2005b) in AUTOTYP.

POSSESSOR AGREEMENT: Presence versus absence of some kind of possessor
agreement in noun phrases with open-class heads (e.g., not limited to
inalienables). Data source: an expanded dataset from Nichols & Bickel
(2005) in AUTOTYP.

GRAMMATICAL CASE: Presence versus absence of case or adpositions that
differentiate between agentive and patientive lexical noun phrases of tran-
sitive clauses under at least some conditions (e.g., when definite). Data
source: Comrie (2005), Witzlack-Makarevich et al. (2011) and Witzlack-
Makarevich (2011).

SPLIT ERGATIVITY OF AGREEMENT MARKERS: Proportion of ergative align-
ments among all agreement markers and conditions of splits that a lan-
guage may have, such as aspect or person (binned into equally spaced
intervals: low, medium, high). Data source: Witzlack-Makarevich et al.
(2011) and Witzlack-Makarevich (2011)

SPLIT ERCGATIVITY OF CASE: Proportion of ergative case alignments among
all conditions of splits that a language may have, such as aspect or person
(binned into equally spaced intervals: low, medium, high). Data source:
Witzlack-Makarevich et al. (2011) and Witzlack-Makarevich (2011)

POLYEXPONENCE: Presence versus absence of any kind of polyexponential
markers in either argument-related (chiefly case and number) or verbal
(chiefly tense and negation) morphology, that is of markers that realize
more than one category (e.g., case together with number as in Russian
dative singular stol-u ‘to the table’ versus dative plural stol-am ‘to the
tables’, or tense and aspect together with verb agreement as in Spanish
perfective past am-6 ‘s/he loved’ and am-¢é ‘I loved’ versus imperfective
am-aba ‘s/he/I used to buy / bought’). Data source: expanded dataset
from Bickel & Nichols (2005a) in AUTOTYP.

INFLECTIONAL COMPACTNESS: Ratio between the number of categories ex-
pressed by regular (major, default class) verb inflection and the number
of formatives used for this: cumulative if the ratio is larger than 1, dis-
tributive if the ratio is smaller than 1; separative (agglutinative) if the
ratio is 1. Data source: expanded version of Bickel & Nichols (2005b).

SYNCRETISM: Presence versus absence of any kind of syncretism in case or
agreement systems (where absence could also mean total absence of the
relevant system). Data source: Baerman & Brown (2005a,b).
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FLEXIVITY: Presence versus absence of any kind of lexically conditioned
allomorphy, chiefly in the form of declension, possession, or conjugation
classes but also considering allomorphy of negation and number markers.
Data source: AUTOTYP, with definitions from Bickel & Nichols (2007).

VERBAL SYNTHESIS: Degree of inflectional synthesis of the verb (number
of categories expressed), binned into equally spaced rank-order intervals:

low, medium, high. Data source: expanded dataset from Bickel & Nichols
(2005b).

NOMINAL SYNTHESIS: Degree of inflectional synthesis of the noun, estimated
from information about the presence of case, number, possessor agreement
and definiteness affixes, ranging from 0 to 4, treated as categorically dis-
tinct levels. Data source: AUTOTYP and, for definiteness affixes, Dryer
(2005a).

Some of these twelve variables, such as nominal synthesis, are only ex-
ploratory and need more detailed coding, and they are not all completely
independent of each other. However, for present purposes, all we need is
rough estimates of similarities that are relatively well grounded in empirical
surveys. The variables we choose are not intended for precise measurements
of distributions, let alone for categorical classifications of languages.

The first step in the analysis is to estimate the distance (dissimilarity)
between each pair of languages. This can be easily done by computing the
Hamming distance: the proportion of variables in which two languages have
the same values. Estimating distances in this way requires that we have
information for all variables. Missing information distorts the picture: for
example, two pairs of languages may seem equidistant and have a dissimilar-
ity value of .4, but in one pair this dissimilarity estimate could be based on
four differences among ten variables, while in the other pair the same simi-
larity could be based on two differences among five variables. In each case,
the proportion is .4. If we are equally interested in all variables listed above,
dissimilarity estimates need to be consistently based on the same range of
variables. For a dozen languages, we had additional data readily available
from reference grammars or handbooks, but this still leaves many gaps.

In response to this, we reduced the dataset by removing all languages
that had missing information in at least one variable. This leaves us with
only sixty-eight languages, but they cover the world relatively well (see Map
2 and the coding in the Appendix).

We then computed pairwise dissimilarities in the dataset and applied the
fuzzy clustering algorithm of Kaufman & Rousseeuw (1990) to the data. In
order to satisfy Constraint 1, that is, in order to arrice at a sample size real-
istic for acquisition research, we required the algorithm to group languages
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Map 2. Languages with full data on the twelve variables discussed in the
text

into no more than five clusters.® Figure 1 displays for each cluster all lan-
guages that have a membership coefficient at least twice as high as would
be an equiprobable membership in the five clusters (which is .2). The lan-
guages with the highest coefficients are those that are the most prototypical
representatives of the set (with area definitions from Nichols & Bickel 2009).

One of the clusters (Cluster 4) is well represented in the CHILDES database
because it includes several European languages, while the other clusters are
represented only marginally and Cluster 1 is not represented at all. These
clusters urgently need more longitudinal corpora. Selecting languages for
this in each cluster is a matter of practical considerations. Relevant criteria
include the extent to which the language is still learned by children, whether
native speaker assistants can be hired and motivated for transcription and
translation work, general projects costs and similar concerns.

These practical considerations notwithstanding, the results in Figure 1
allow setting up a sample of five pairs that differ within themselves only
minimally. Clearly, there are many other ways in which these languages
in each cluster still differ from each other, and not all possible contrasts
are captured (as this would require 1" ; (l’;’) = 30 such contrast pairs and
therefore a sample of sixty languages, given the variables analyzed here; see
the discussion in Section 5). But for the variables of interest, the clustering
in Figure 1 reduces these differences to the minimum that keeps the sample
size small.

We have illustrated the method with variables relating to morphological
complexity and word order. Needless to say, the method is completely neu-
tral as to the variables entered, and, given suitable databases, one could just
as well sample according to differences in the social conditions under which

5We used the facilities provided by Maechler et al. (2005) and set the membership exponent
to r = 1.3, because the standard r = 2 required more clustering structure in the data
than they would actually afford; see the discussion in Kaufman & Rousseeuw (1990) and
Maechler et al. (2005).
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3
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.955  English
939  Irish 0.947 Mongolian (Khalkha)
.813  Krongo 0.942 Burmese
.756  Sesotho 0.930 Kanuri
743 Russian 0.818 Quechua (Imbabura)
733 Tiwi 0.786 Garo
.726  Lango 0.721 Japanese
711 Daga 0.690 Turkish
.697  Lavukaleve 0.661 Khasi
.671  Finnish 0.599 Korean
.635  Kobon 0.484 Evenki
.620  Wari 0.461 Supyire
.610  German 0.451 Pomo (Southeastern)
.519  Hebrew (Modern)
.500  French (colloquial) 5

4

Figure 1. Fuzzy clusters based on the variables as defined in the text and
tabulated in the Appendix, with membership coefficients in decreasing order
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children learn languages (group network sizes, child-peer relations, role of
parents, language teaching strategies, etc.) or - ideally - combine social and
linguistic variables.

7. Discussion

The method proposed here yields language samples that satisfy the con-
straints formulated above: the best sample that one can set up, given the
constraints. But we emphasize that the number of clusters is imposed onto
the data - for the sole purpose of sampling. The clusters and their structure
have no theoretical status of their own. Specifically, they cannot be con-
strued as holistic types, that, is it would not make sense to postulate, for
example, a Slavey or Rama prototype of languages that would represent an
empirically motivated type of language. This becomes clear when examining
the goodness-of-fit statistics for the clustering. A standard goodness-of-fit
statistic for fuzzy clustering is known as the normalized Dunn coefficient,
which ranges from 1 (crisp, well-motivated clustering) to 0 (no evidence for
clustering, i.e., membership coefficients tend to be uniform across clusters)
(see Kaufman & Rousseeuw 1990). The clustering shown in Figure 1 has
a normalized Dunn coefficient of D = .44. This suggests that the cluster-
ing is to a considerable extent imposed onto the data and does not fall out
naturally from the data.

The Dunn coefficient of a fuzzy cluster model depends on the kind and
number of variables that are entered into the analysis and on the number
of clusters that are requested. To find out whether the data support any
natural crisp clustering, we computed the clusterings of all possible com-
binations of variables (with at least two and at most twelve variables; i.e.,
n =12, (1i2) = 4,083 combinations) and a reasonable range of clusters
(from two to eight).® The result of this is plotted in Figure 2. The gray
scale indicates the highest normalized Dunn coefficient that was found per
number of variables and number of clusters imposed onto the algorithm.

For combinations of many variables and few clusters, the normalized
Dunn coefficient is relatively small (D < .5), suggesting strong fuzziness.
This includes the design in our sampling study, which includes combinations
that use all twelve variables and require five clusters. Higher coefficients can
only be achieved with limited data (low values on the x-axis in Figure 2),
but this is not very revealing because then the clusters simply mirror the
categories of the variables, with little aggregation. Alternatively, coefficients
can be increased by increasing the number of clusters (high values on the

5In some cases, the clustering algorithm did not converge and we treated these cases
as providing even less evidence for a natural clustering than those with a small Dunn
coefficient. The membership exponent was again set to r = 1.3, as noted in the case
study.
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Figure 2. Degrees of highest crispness (normalized Dunn coefficient) achiev-
able with all possible combinations of the twelve variables in the case study

y-axis) - but even then, coefficients become low again when many or all
variables are entered.

We conclude from this that the kind of variables examined here do not
define natural clusters of languages or prototypes. This suggests that despite
partial dependencies between variables, they must have developed in their
own ways to an extent that any covariation dissipates in larger samples. This
is in line with one of the main findings of Nichols (1992): there is far less
evidence for a small number of holistic language types than was assumed for
a long time in typology.

8. Conclusions

Language acquisition research requires large longitudinal corpora. The de-
velopment of these is extremely time consuming and expensive, and this
raises the question of how one can still set up a sample of corpora that best
captures the known structural diversity in the languages of the world. In
response to this challenge, we propose to use fuzzy clustering algorithms on
typological data. These algorithms allow one to derive samples that meet the
critical constraints: samples can be relatively small but still capture diversity
well and allow pairwise studies targeted at specific contrasts.

The clustered sampling method is neutral as to the kinds of diversity
one wishes to consider. Apart from structural linguistic variables, social
variables of language acquisition are of obvious importance. What makes
work with these variables difficult, however, is the lack of sufficiently large
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modern anthropological databases that track variation systematically and
empirically responsibly.

Apart from the purposes we discussed here, the clustered sampling method
is of general interest whenever one needs to identify those languages of a
sample that differ from each other most. As such, the method is also ideally
suitable for pilot studies when surveying some phenomenon across languages
for the first time or when developing entirely new typological variables.
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