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Abstract

In recent years, the interest of language univerfal researchers of language evolution has
been pointed out in various publications. Word ordeiversals are particularly robust
examples, and the present dissertation focusebeoretation between the order of the verb
and the object and the adposition and the nounhénlanguages of the world, there is a
preference for consistent ordering of the headthé@se constituents. An artificial language
learning experiment was conducted, in which paréints learned one of four different
miniature languages, which represented each opdissible order combinations. The results
showed a combined influence of an ordering biastaadhative language, showing that the
head-order bias involved is strong enough to oveecaative language influence. Additional
interesting findings on the driving force of therlvgohrase order towards other word orders
are also discussed. The present study lends sujgpitre hypothesis that language universals

are the manifestation of biases on the individeatl.



1. Introduction

Language universals and especially word order usale have received interest in linguistics
for many years. Typologists have identified numerpatterns across the languages of the
world which suggest that language structure issimiply random. Particularly word order
universals have received much attention as theynseery robust (Greenberg, 1963;
Hawkins, 1983; Dryer, 1992). Typological explanasdor these word order universals have
mainly appealed to functional biases within theglzages themselves (Hawkins, 1983; Dryer,
1992).

More recently, researchers have also pointed caitintterest of universals from a
language evolution perspective (Christiansen, 12800; Kirby, 1998; 1999). The patterns
that emerge in the thousands of languages we baay may well hold important clues to the
way humans learn and process language. It has &epred by various researchers that
artificial language learning experiments are excelltools to help us gain a better
understanding of potential biases the lie at th&sbaf language universals (Christiansen,
2000; Tily & Jaeger, to appear). In such experimeattificial languages are created to isolate
particular language features. This way, it candstedd whether acquisition results on these
features are similar to the patterns found in theglages of the world. Indeed, various
artificial language learning experiments have ayeauccessfully replicated universal
patterns in various domains (Culbertson & Smolenstssthcoming; Tily, Frank & Jaeger,
2011; st. Clair, Monaghan & Ramscar, 2009; Chnstian, 2000; Cook, 1988).

This dissertation investigates a potential bidsrmkthe implicational relation between
the order of the verb phrase and the adpositiomase. This universal is a particularly robust
example of the series of well-known word order ensals that are associated with head-
ordering. The universal has received attentionravipus studies, which have led to mixed
results (i.e. Cook, 1988; Christiansen, 2000). plesent study contains an artificial language
learning experiment that uses linguistic stimuld @awell-controlled experimental paradigm.
Furthermore, by looking at acquisition of all fquossible language types involving this order,
a detailed comparison of each order combinationade.

The dissertation is structured as follows. In GbaR, | will provide an overview of
the literature on this topic. | will discuss langeauniversals in general and the specific
characteristics of the universal that is in foclisen | will turn to the various explanations
that have been proposed for the existence of usal®rparticularly word order universals.
Recently raised doubts about the validity of lamprainiversals will also be considered.
Then, | will describe a series of previous artdlclanguage learning studies that are of
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relevance for the present investigation. Finallyshert description of the experiment and
predictions for the outcome are provided. In Chaf@e | will describe the design and

execution of the experiment in more detail. NemtCihapter 4, the results of the experiment
will be presented. The results will be interpreted compared to other studies in Chapter 5.

Finally, summarizing conclusions will be drawn ihdpter 6.



2. Theoretical framework

2.1. What are language universals?

Language universals have received interest inigh@ 6f linguistics for quite some time, and
two main approaches are usually identified: gengsat and typology (see for example
Evans & Levinson, 2009; Comrie, 1981). Generati@stounts have formulated language
universals as an innate set of rules, which humesesto learn language (called Universal
Grammar, or UG). Language universals are saidise &om this rule system (i.e. Chomsky,
1986). However, as Evans and Levinson (2009) sttiesse rules are not necessarily based on
extensive research about common characteristicdamjuages. Within the typological
tradition, statements on language universals amdilldd from substantial empirical
observations of patterns in the languages of thedw@herefore, | will follow the definitions
of the typological tradition, as empirical obseroas are the only valid way of identifying
language universals.

As the name suggests, language universals arermmtihat occur across all or most
languages. The universals that typologists areasted in can be divided into four groups by
means of two dimensions. They are either absolustatistical, and either unconditional or
implicational. Absolute universals are exceptioslewhereas statistical universals reflect
tendencies across languages. Unconditional unigedsa not refer to the presence of any
other features in the language, whereas implicatiaimiversals do. In implicational
universals, the presence of one feature is thuscded with the presence of another feature
(Comrie, 1981). Universals can apply to all langudgmains, such as phonology, semantics
and syntax. Some of the strongest findings hava deae with regards to implicational word
order universals. Already in 1963, Greenberg idieatia number of word order universals
from a small sample of thirty languages. Many césth have been confirmed with larger
language samples (e.g. Hawkins, 1983; Dryer, 1992).

2.1.1. The VB/PP word-order universal
The present investigation will be concerned witlvesty robust example of a word order
universal, namely the relation between the ordethef object and the verb, e.g. the word
order in the Verb Phrase (VP), and the AdpositioRdlrase (PP, for Prepositional/
Postpositional Phrase). | will refer to this as ¥He/PP universal. This universal is of great
interest because it is so robust and because éms addressed by other artificial language

learning experiments, with different results. Thedlébe discussed further below.



The implicational VP/PP universal involves a nelaship between the ordering of
object and verb (henceforth O and V) and langualbasging either prepositions or
postpositions. Table 2.1 shows their distributiodanguages across the world, according to
the World Atlas of Language Structures databasel(8/énline, 2011a).

Prepositions (512) Postpositions (577)
Verb-Object (705) 456 42
Object-Verb (713) 14 472

Table 2.1. Distribution of VO/OV order and PP ordmross languages. The numbers in brackets
represent the number of languages in the entigbedae that have this specific feature (adapted from
WALS online, 2011a, which combines Dryer, 2011at 1§).

Table 2.1 shows that while VO/OV order and prepas#/postpositions are fairly evenly
distributed across the languages of the worldr tb@nbinations are not. A clear preference
exists for OV + postpositions and VO + prepositionbkis pattern was identified by Dryer
(1992), in his sample of over 600 languafédoreover, for a number of languages in the
uncommon categories, it has been found that theyaetually in the process of a word order
change. In these cases, the order of the objecttlamdrerb has been changed, but the
adposition order is still in the old state, whiduses the unusual combination (Dryer, 2011d).

Of course, Table 2.1 oversimplifies the crosslisgaipicture. Some languages in fact
do not have dominant word orders within the VP loe PP, and some languages have
inpositions instead of pre- or postpositions, arkladpositions altogether (Dryer, 2011a;
2011b). This is also the reason why the numbetisariable do not add up exactly (aside from
the fact that not all languages in the database baen fully described and therefore, in some
cases one of the two orders is not known). Howetlex,table above represents the vast
majority of languages for which both data on VO/@Nd adpositions are available (over
85%). The pattern is thus indeed very strong amtkwspread.

The VP/PP universal is said to be bidirectionaljolv means that both word orders
will imply each other. In the case of the VP/PPvensal, this means that having Verb-Object
order in the VP will imply that the language willost likely have prepositions, and having
prepositions implies that the language also mdstlyi has VO order (Dryer, 2011d).
However, as Dryer (2011d) observdsappears to be the case that if a language charige

order of one of these two features, it will almalstays be the order of object and verb that

! Dryer thus provides a generalisation of Greenlseobservations on dominant order of the Subjecttti®)
Object and the Verb and adpositions. In his 304lagg sample, Greenberg (1963) found that VSO lagegua
are always prepositional and SOV languages ardlysuestpositional.



changes first. This would seem to indicate that while the imption between the VP/PP
order is bidirectional, the VP has a leading rélewever, no strong claims about either order
having a stronger influence on the other have lmeade in the literature. The two are only
said to correlate (e.g. Dryer, 1992; 2011d).

The VP/PP universal is part of a series of wordeordniversals which are all
correlated. Some examples of these word ordertharerder of the noun and the genitive, the
noun and the relative clause and the verb and EhéDiPyer, 1992). It has been argued that
these universals occur because there is a preteneh@nguages for consistent head-ordering.
This means that the heads of clauses or phrasasasuthe verb in the VP or the adposition
in the PP, are always in the same position. Usulahguages will thus be either head-initial
or head-final, grouping all heads at the same @lig#rases and clauses (Tallerman, 2005). A
language which has VO and prepositions is thus-ir@adl, whereas a language with OV and

postpositions is head-final.

2.2. Explanations for language universals and their link to language evolution

Even though absolute language universals have @en lfand may never be) established
(Evans & Levinson, 2009), the robust tendenciedime in languages across the globe have
been argued to provide a window on the mechanismnsahs use to acquire and process
language. Various views on this matter can be foaride literature.

Within the generativist tradition that was shorttyentioned earlier the universal
properties of language have been seen as the rsi@tide of the abstract formal constraints
that constitute Universal Grammar. This Universer@mar describes the set of all possible
human languages, and is innate. Children are hgpaéd to use this device to learn their
mother tongues (Chomsky, 1986). Universal patterrtbe languages of the world are thus
considered to be the result of these linguisticsdsathat are assumed to be present in the
brairf. While this approach has been very influentiahas also been surrounded by a lot of
discussion and criticism. Evans and Levinson (20@2ently argued that the generative
approach does not use substantial typological eeel¢o back up their claims, and that a lot
more diversity can be found than generativists suoigsin UG.

Another argument against an innate linguistic myetem has been put forward by

Christiansen and Chater (2008). They argue thalanguage-specific rule system such as

2 Although interestingly, Chomsky (1980) has claintieat language universals can be derived fromglesin
language, as any characteristics in any language toeoriginate in the abstract underlying struetiinat is
Universal Grammar.



Universal Grammar could have arisen from biologiadhptation to language usage. Their
main reason for this is that languages changestptfeat the much slower process of genetic
change would not allow for adaptations to accomrtedhaese systems. Christiansen and
Ellefson (2002) add that the selective pressureging on languages to adapt to humans are
much greater than those working on humans to amaf@nguage (as humans do not need
language to survive, while languages definitelychkemans to survive). Languages are thus
seen as organisms that are subject to naturaltegleand this selection is assumed to be
exerted by the human brain.

Instead, then, Christiansen and Chater (2008) aftaidanguages must have adapted
to constraints that are not language-specific.: dofganeral biases. Various types of
cognitive constraints to which languages have baatdapt have been proposed, and many of
these have been associated with language univehsadle discussion of empirical studies on
language universals we will come across a few e$eh A third possibility, besides domain-
general or domain-specific biases, was suggestedidny (1998, 1999). He proposed that
while language may initially have depended on dorggineral biases, domain-specific biases
may have emerged along the way, to adapt to thewdeésnof language acquisition.

The theories discussed so far share the commaegtyothat they suppose some sort
of bias in our brains is causing universals to gmewhether linguistic, non-linguistic or
both. In this dissertation | would like to favoumetviews of Christiansen and Chater (2008).
Indeed, it is difficult to see how language may énamerged if it would need an elaborate
domain-specific brain structure to be processellurgans.

That said, an important note that needs to be rhaceis that it is very difficult to tell
from artificial language learning experiments whigh these accounts is correct. In the
literature, strong claims have been made on whetlfeesupposed biases are linguistic (e.qg.
Chomsky, 1986) or domain-general (e.g. Christian26800; Christiansen & Ellefson, 2002).
Especially artificial language learning studies énanade strong claims about constraints
being non-linguistic (i.e. Christiansen, 2000).faat, it is very hard to prove using artificial
language learning experiments which of the twodsext. This will be further illustrated
below, in the section on artificial language leaghexperiments. In the present investigation,
the focus will therefore be on whether a bias fepacific word order universal can be found

or not, whether linguistic or non-linguistic.

? Interestingly, various modelling studies have shalat very simple connectionist models reprodutearsal
patterns when they are required to learn natuidiueamatural languages (performing better on tharabtypes).
This was shown for head-ordering (Christiansen &Ibe 1997) and the relation between dominant wander
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A different type of theory on the emergence of laage universals does not include
individual biases, but proposes that language us@l® are created by historical processes of
language change. In patrticular, it has been arthedhe process of grammaticalization may
have a prominent role in the emergence of word rordmiversals. Through
grammaticalization, content words can become fonatvords. In this process, the words lose
meaning and often change form. It has been argusdthe common correlations between
word orders are linked through history by gramnadization, as word functions change but
their position remains the same. Bybee (1988) de=stmhow adpositions can develop from
the head-noun in a genitive construction. For examipy the side of-the-house’ would
develop into ‘beside the house’ (noun-genitive apkpositions). This would thus
automatically match up the order of the two strieduwith the two heads being on the same
side. Dryer (2011d) posits a similar argument, rsgyihat verbs may also develop into
adpositions. It is clear that in an artificial larage learning experiment, such processes do not
take place, as they take many generations of trgsgmn. In the present experiment this
theory will therefore not be explicitly addressddwever, if no individual bias can be found
using an artificial language learning experimemat imay be a sign that diachronic processes
are indeed more important. Finally, it is also plossthat these diachronic processes occur

alongside and maybe reinforce the surface effdas mnate bias.

2.2.1. Do language universals really exist?
In recent publications, the existence of languageausals and thereby some theories on the
causes of language universals have been dispweadsE: Levinson (2009) argue that in any
case, there is no such thing as an absolute ualyas so far all absolute universals that have
been posited have met with counter examples. HoweWey do maintain that strong
tendencies that are found across languages afg likg@oint to‘a cognitive, communicative
or system-internal bias towards particular solutsogevolving’(p. 439).

A more critical stand is taken in another veryerdgcarticle by Dunn et al. (2011).
They use phylogenetic methods to investigate howeunsal language universals really are.
They investigated whether eight different word orgatures could be found to have evolved
in the same way across four different language lfasn{Austronesian, Bantu, Indo-European

and Uto-Aztecan). It has been difficult for studmsuniversals to control for the ever-present

and case marking (Lupyan & Christiansen, 2002) s€f@mnnectionist models did not have any linguilsitses,
only a general bias for sequential processing.fabethat such models can replicate universal pattseems to
indicate that no specific linguistic bias is needed



relations between languages. Dunn et al. intermmdrol for this by investigating correlations
in the evolution of specific word-order combinasorBy means of powerful statistical
methods, they studied the evolution of these tratt®ss language trees. To do this, they
looked at changes in word orders through time, @rdpared them between families. They
claim that their results show that no word-ordeiversals hold across the four language
families that were investigated. Furthermore, tisbpw that even if some universals are
encountered in more than one language family, thase not evolved towards their current
states in the same way. They therefore argue tbed wrder universals are in fact lineage-
specific and cannot be caused by any cognitivetcaings.

However, the methodology and assumptions usetdratticle by Dunn et al. have
met with criticism. Firstly, the limited number similarities that could be found between the
language families may be due to limitations of tfaa that compromise the analysis. As
Croft et al. (to appear) point out, the arbitranyeshold to balance out Type | and Type I
errors that Dunn et al. used has clearly allowedaftarge number of Type Il errors to occur.
These false negatives are most obvious in thefdathe Bantu language families, where 18
out of 28 of the features are in fact stable,n@word order changes have occurred for these
features. This makes it impossible for the Bayesiaalysis to detect word order correlations
in this language family. Croft et al. suggest ttiegt Type Il error rate is sufficiently large to
qguestion the validity of the results. Croft et pbint out a few more problems with the
assumptions in the study, such as the fact thaBthyesian traits analysis always assumes
phylogenies to be independent. For this study, rtiesins that the four language families are
assumed to have no common ancestor, i.e. this I;menwith a polygenesis view of the
languages of the world. However, Croft et al. pant that the common belief among
linguists is that all languages have one commagirarFinally, Dunn et al. did not include the
effects of language contact in their analysis. Cebfal. argue that this is a very important
factor in language change and therefore, overlgpkanguage contact could potentially
influence the results to a large extent, especiadlgause changes in word order are used to
track the evolution of the orders.

Altogether then, while the Dunn et al. paper hawvigied a first step in a potentially
important approach to investigating language usiis; the assumptions made in the study
(some inevitable due to the form of the model) haaous setbacks. Claiming that language
universals and cognitive biases leading to languageersals do not exist therefore seems

unwarranted at this time.



The article by Dunn et al. has also again led rebeas to advocate the importance of
artificial language learning studies. Summarizingseaies of artificial language learning
studies on language universals, Tily and Jaegemfgear) argue that artificial language
learning experiment are an important complimenteggearch method to phylogenetic
analyses. This is because phylogenetic analyseseaireusly hampered by the sometimes
sparse typological data. As will be discussed belearious atrtificial language learning
experiments have been able to replicate languayensals in the lab, which seems hard to
explain if these universals were in fact lineageesiic. Below | will discuss a series of
artificial language learning experiments that heeesidered word order universals. This will
provide a feel for the way these studies are desigmd what their results have been, and will
also further stress the importance of the curreerttys

2.3. Previous empirical studies on word order universals

Often in an attempt to investigate which cognitivases affect language structures around the
world, various studies involving specific languageiversals have been conducted. The
studies | will discuss here all focused on wordeord

In a recent study, Culbertson and Smolensky (forthing) used an artificial language
learning experiment to investigate whether learrises are involved in the ordering of
adjectives and nouns and numerals and nouns. Lga@hithe universal distribution of these
features, Culbertson and Smolensky hypothesizetlieat is a cross-linguistic preference for
harmonic patterns, in which the nouns are in tmeesposition in both phrases. Also, there is
a difference between the two patterns when thetipnsof the noun is inconsistent. Noun-
Adjective + Numeral-Noun are more common in theld/@nd therefore possibly unmarked,
as opposed to the inverse combination, AdjectivesNe Noun-Numeral. The universal
ordering patterns involving these two phrase tyg@sthus not be attributed to head-ordering
preferences.

Participants were trained on artificial language$our different conditions involving
each of the possible ordering combinations. 70%hefr input had one specific ordering
combination, and 30% had random ordering. In tisé phase, participants who learned the
harmonic and unmarked combinations turned out teigdize more towards their majority
input patterns (e.g. more than 70% of their outmuttained the majority input pattern). For
the marked language, this boosting did not occur.

Culbertson and Smolensky argued that, because tlessd#ts cannot be attributed

solely to head-ordering, a learning bias must hesiog this effect. Thus, people generalize
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towards these patterns as they are easier to l@adnin this case, these learning biases are in
favour of harmonic and unmarked patterns. The astbefine ‘learning bias’ as asymmetric
learning of given structures, i.e., in learning;eatain structure can be favoured over another.
This definition is thus more like a descriptiontbé findings, but no specific claims are made
with regards to the domain-specific or domain-gaherature of this bias. It is also not
discussed why this learning bias would go agalmsiore general head-ordering preferences
that are reflected in many word order universalthdf way, the replication of the unusual
universal pattern using these small artificial laages shows that people in fact exhibit
universal tendencies on the individual level.

Aside from the preference for harmonic and unmaxkei@rs, a slight native-language
effect was found as well. In the language which wast disfavoured by the preferences for
harmony and unmarkedness, performance on the nlanetach had non-English order, was
worse than for adjectives, which had English ordée native language effect was not found
across all four languages however, and its infleesias thus very small.

In 2000, Christiansen performed an artificial laage learning experiment to
investigate the sensitivity to head-order consisgeAs was mentioned earlier, the VP/PP
universal and many other word order universalsaaseciated with a preference for consistent
head-ordering languages. Two groups of participédsned two different languages that
were either consistent or inconsistent across phrasterms of the position of the head. The
stimuli that were used were strings of letters Wwhiere generated using these consistent or
inconsistent grammars, where each letter represengpecific constituent. The design of the

two languages is shown below in Table 2.2.

Consistent grammar Inconsistent grammar

S — NP VP S — NP VP

NP —  (PP)N NP —  (PP)N

PP — NP Postposition PP — Preposition NP
VP —  (PP) (NP) V VP —  (PP) (NP) V

NP — (PossessiveP) N NP — (PossessiveP) N
PossessiveP — NP Possessive PossessiveP — Possessive NP

Table 2.2. Consistent and inconsistent gramma@hnistiansen (2000) (adapted from p. 47).
Both languages thus had OV order in the VP, butcthesistent language has postpositions

whereas the inconsistent one has prepositions.oftier of the possessive and the noun is

also reversed for the inconsistent language.
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The participants were first trained on a set @sthstrings and were then asked to
judge a new set of strings on grammaticality. la donsistent condition, participants were
able to perform correct grammaticality judgememsd3.0% of the novel sentences, versus
58.3% of the participants in the inconsistent ctadi(this difference was significant, p <
.02). Christiansen attributed this to constraimsequential learning and processing.

The study thus shows that even when people aremezswith non-linguistic stimuli,
they perform in line with the evidence from langeagiversals. Christiansen claims that it
therefore proves that language universals ariga fion-linguistic biases. However, because
non-linguistic stimuli are used, the experiment nayy be tapping into non-linguistic
cognitive skills. This study can thus not be saidptove unambiguously that real language
learning is dependent on these non-linguistic camgs as well. This is thus another example
of an attempt to formulate the type of bias verncty even though the evidence does not
necessarily allow it. Either way, the fact thatstbias is found is a highly interesting result.
Christiansen does not report on any native langusftgcts. He does mention that the
consistent grammar is head-final, in contrast tgliSh, to avoid native language influence.
Whether a possible native language effect wouldui®rdinate to the domain-general bias,
as in Culbertson and Smolensky (forthcoming) isthot assessed.

An early and quite extensive artificial languagarhing experiment was conducted by
Cook (1988). Again, this study focuses on word orded specifically on the ability of
learners to extrapolate word order from the VP.(thg order of object and verb, the verb
being the head) to the PP and the Noun PhraséN@hénvolving an adjective and a noun). |
shall focus here on the results from the conditiowhich learners had to extrapolate from the
VP to the PP, as the results for this particulaugrwere not in line with the findings on the
implicational relationship between these phrases.

The participants in Cook’s experiment were Englsgleaking children who also
learned either French or German in school. Onemveas trained on a set of sentences with
SOV order, the other on sentences with VSO ordees& orders were chosen to avoid
presenting the children with the dominant Engligirdvorder, SVO. Training consisted of the
children’s class teachers orally presenting 30eswa@s in the target language. They first read
out the sentence, followed by the English gloss f@indlly the English translation. Via
multiple choice questions, the children were testedheir acquisition of the presented word
order. Then, again via multiple choice questiortsldeen had to read English sentences

involving adpositions, and select the correct ti@ien in the target language. Crucially, these
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adpositions were not present in the training samiptgh training and testing took place in
class.

The extrapolation results for these two languagesummarized below in Table 2.3.

Prep Post
V(S)O 35% 63%
(S)ov 7% 90%

Table 2.3. Extrapolation of word order from VP t®.Adapted from Cook (1988).

The results in Table 2.3 do not correspond to tk&ildution of VP-PP combinations across
the world. In fact, as Cook also points out, thegems to be a preference for postpositions.
Cook argues that this could be a strategy the i@nldse for this task, possibly resulting from
an attempt to construct “anti-English”. Another gibte explanation that Cook provides is
that the children performed some sort of probletwisg, and that they did this remarkably
consistently (as most of them came up with the saoietion). Unfortunately, it is not
possible to identify exactly what specific probléme children collectively saw in the task.
Clearly, then, Cook’s results are puzzling and haréxplain. They do not seem to
show an underlying bias towards the universal pateand it is difficult to find another
constraint that may have caused the participantebave in the way they did. It may be that
a number of flaws in the design of the study caudbede unexpected results. For example, the
method that was used is very different from anyuradtlanguage learning situation, even
from second language acquisition. The children oabteived glosses and translations for the
target languages, and these were presented inharrahnatural way. Furthermore, the
children were tested using written questionnairéth \multiple choice questions, possibly
leading them to take on the problem in a more aicalyay than they would have in normal
language learning. Indeed, Cook’s proposed exptamaif some type of problem-solving
seems to point in this direction. In addition, gangroblem with this study is the fact that it
was carried out in class, which makes for a viijuahcontrolled experimental situation.
Finally, the subject-verb-object orders used intthe languages may have led to the
different results, as the order of the subject #mal verb are different between the two
languages. Cross-linguistically, there is a prefeecfor Subject-Verb order (1194 language in
the WALS database) as opposed to Verb-Subject ([@8guages in the WALS database;
Dryer, 2011e). It is remarkable that for the VS@esr where the verb and the subject are thus
not in the preferred order, the ‘wrong’ adpositisrusually selected. It is currently not known
why exactly VS is less common (Dryer, 2011e). Nthadess, the fact that it is uncommon
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indicates that it is possibly harder to learn, whimay have caused Cook’s participants to

behave in an unexpected way in this language.

2.4. The present study

The studies reviewed here already show there ge laariety in artificial language learning
paradigms. What is also clear is that not all evodeis in line with the word order universals
we are currently aware of. While Christiansen (90@@luded adpositional phrases in his
investigation of head-ordering and found that paréints behaved in line with typological
evidence, Cook’s participants (1988) failed to shmweh a pattern. It seems likely that the
methodological flaws in the design of Cook’s expent contributed to this.

The present study will specifically target the FP/universal using linguistic stimuli.
Hereby, it will be investigated whether learnerfibit the word order universal in isolation
(in contrast to Christiansen’s study, which invgated overall consistency). It may be that
inconsistency is easier to overcome given a smathlber of word orders, which would
indicate that the universals are all tied in togetiather than each having a separate relation
with each other order. Furthermore, by using fangluages, each possible combination of
orders will be tested. This will allow for a morecarate assessment of the strength of a
possible bias in comparison to the influence of tléve language than in Christiansen’s
experiment. In the present study, participants aldlo be required to perform a production
task, which will provide us with more insight inethway they use the knowledge they have
gained. Finally, it will show whether Cook’s unexped results are replicated using a more

standard artificial language learning paradigm wgitbater experimental control.

2.4.1. Experiment design
Like Culbertson and Smolensky’s (forthcoming), #réficial language learning experiment
testing the VP/PP universal will involve four larges, together representing all possible
order combinations between the two phrases. Twibtlnik follow the universal pattern, and
two will not. The main characteristics of the fdanguages are presented below in Table 2.4.

Further details on the languages are providedamtbthodology section.

1 VO Prepositions Natural

2 VO Postpositions Unnatural
3 oV Prepositions Unnatural
4 oV Postpositions Natural
Table 2.4. Global structure of the four languages.
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In contrast to Culbertson and Smolensky’s expertmarthe present experiment participants
will receive fully consistent languages. The lamgemare designed to be difficult enough so
that learners cannot acquire them perfectly by medrthe limited amount of training they
receive. Through a comparison of the test scom®parative learnability of the languages
will be assessed directly.

The stimuli and learning paradigm are similarttose used by Wonnacott, Newport &
Tanenhaus (2007). Meanings are represented by stosies, and the language is presented
aurally. The movies involve puppet animals perforgnactions to each other. The movies
also include other objects so that reference tation becomes necessary.

The languages are learned in two stages. Firglesmouns are learned by means of
pictures. Then, the verbs, adpositions and wor@roage trained by means of videos of two
hand puppets which perform actions, sometimes wafithinanimate object present near the
patient. Comprehension tests, production testsgaamchmatical judgement tests are assigned

to assess performance.

2.4.2. Predictions
In the present dissertation, | would thus like tswer the questiots the implicational
relation between word order in the verb phrase #mel adpositional phrase the result of an
underlying cognitive bias?

Based on the universal distribution of the VP/PHems and findings from other

studies, the following predictions can be made wetards to the results.

(a). If there is a bias towards coordination of RP/order, then languages 1 and 4 will be
easiest to learn and therefore learners of thegpidges will perform best, leading to the
following ranking of the test scores:

1,4>2,3
(b). If the native language influences performaalomgside the VP/PP universal bias then
the ranking of scores will be as follows:
1>4>23
As language 1 is closest to English, being VO amggsitional it should be learned better
than language 4, which is the opposite of Englisth@se two language features.
(c). If native language influence is more importtran the VP/PP bias, then the ordering

would be as follows:
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1>23>4

As language 4 is most different from English, wHdeguages 2 and 3 share one of the

crucial features with English and language 1 shibo#is of the features with English.

(d). If performance is similar to that in Cook (BY8there should be a preference for anti-

English with regards to postpositions, and the irankf the scores should be as follows:
24>13
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3. Methodology

3.1. Participants
The participants were undergraduate students of/thieersity of Edinburgh, who were paid
for their participation. All participants were nagi speakers of English and did not consider

themselves fluent in any other language.

3.2. Sentences

The basic word orders of the languages were VOSGWS. These basic word orders were
chosen because both are different from the paaintgd mother tongue, English, which has
SVO order. Furthermore, both basic orders haves#ime order of the verb and the subject,
eliminating any possible differences between tinguages because of this order. These basic
word orders are both highly uncommon in the langsaig the word, but the implicational

relation with PP order holds for both types, ashiswn in Table 3.1.

Prepositions (512) Postpositions (577)
VOS (25) 20 0
OVS (11) 3 8

Table 3.1. Distribution of dominant word orders aPB order across languages. The numbers in
brackets represent the number of languages in itiee edatabase that have this specific feature
(adapted from WALS online, 2011b, which combinegddy 2011b; 2011c).

Of course, as so few languages of these types Iee® described thus far, there is a small
risk that in fact, they do not follow the relatibetween VP and PP order (we may not have
enough data to see this). Indeed, a chi-squarefttise above table shows however that there
is a significant relation between the two ordernshgr's exact test: p = .000). Furthermore,
seeing as the relationship is found to hold acedssther basic word order types as well
(WALS online, 2011Db) it is most likely that VOS a@y/S are no exceptions to this. The only
remark that can be made here is the observatiore mgdryer (2011d) that out of the 14
languages that combine OV and prepositions, miiprssing that 3 languages are of the highly
uncommon basic word order type OVS. Consideringltbiibution of basic word orders, this
is a fairly high number. However, due to the smalinbers involved here, it is likely that it is
a coincidence that this distribution occurs in keguages discovered so far. Therefore this
observation cannot overrule the advantages thaettveo orders have for the present study.
The order of the adposition and the noun is aystesatically varied across the four

languages, with two languages having prepositiors tavo having postpositions. It is not
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possible to avoid the inclusion of a third word emdthat of the PP and the noun that is
modified by the PP (henceforth N/PP order). Theeond of these two constituents has not
been described separately in the literature on vewdier universals. However, these two
constituents do have a head-dependent relatiorevthe noun is the head and the PP is the
dependent that modifies the head. This order iet@ied with the order in the VP and the PP.
For head-initial languages (VO + prepositions), dhger will usually be N-PP, for head-final
languages (OV + postpositions), the order will IBeNP (see for example Christiansen, 2000).
To avoid additional reinforcement of head ordeeitiner of the languages, it was chosen to
use both possible N/PP orders in each languagekagafd the distribution of the order
perfectly balanced in all four languages. The flaunguages thus included the full sentence
structures listed in Table 3.2 below. The examgetence ‘the lion rams the dog who is

behind the box’ is glossed in each language tafglar

1| VOS Pr-N N-PP |V [NpatenfP Ninanimatd] Nagent = ram dog behind box lion
PP'N V [[P N|nanimatJN Patien] NAgent: I'am behlnd bOX dOg ||Or

2 | VOS N-Pr N-PP |V [Npaten[NnanimateP]] Nagent = ram dog box behind lion
PP'N V [[N |nanimateP]NPatien] NAgent: I'am bOX behlnd dOg ||Or

3| OVS Po-N N-PP | [NpatienlP Ninanimatd] V N agent = dog behind box ram lion
PP-N [[P NinanimatdNpatien] V Nagent = behind box dog ram lior]

4 1 OVS N-Po N-PP | [NpaienfNinanimateP]] V Nagent = dog box behind ram lion
PP-N [[N inanimatePINpatien] V Nagent = b0X behind dog ram lior

Table 3.2. Full sentence structures in each ofdbelanguages.

Languages 1 and 4 thus follow the universal, wrerkemguages 2 and 3 do not.
Unfortunately, the randomization of the order c¢ AP and the noun is not entirely without
problems either. In Table 3.3 below the orderingalbfcomponents for each language are
shown again. The combinations that are left-heamledmarked in boldface, right-headed
combinations are cursive. As becomes clear, laregiage and four are the only ones which
include sentences that are fully consistent inrthe@ad-ordering (underlined sentence
structures). This means that there is a confourtd/dem overall consistency and VP/PP
consistency. However, the insecurity about the NdRfering principle is present in all four
languages, so no language is fully consistent.

An alternative solution to this problem was consede namely using eight instead of
four different languages, and thus systematicadlgyymmg the N/PP order across languages as
well. However, that would have taken away the pmbityi to focus on the relation between
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the VP and the PP, and instead would have been wloeeted at general head-order

consistency. Altogether, the balanced distribuagbh/PP order is the best possible solution.

1 VOS Pr-N N-PP
VOS Pr-N PP-N
2 VOS N-Po N-PP
VOS N-Po PP-N
3 OVS Pr-N N-PP
OVS Pr-N PP-N
4 OVS N-Po N-PP
OVS N-Po PP-N

Table 3.3. Head-ordering consistency in each ofabelanguages

3.3. Lexicon
The lexicon contained eight nouns, two verbs and &dpositions, all with meanings that
were easily depicted in short, simple videos. Téxecbn was kept small in order to keep the
vocabulary learnable within a short amount of tinidle animals, objects, actions and
adpositions were chosen to be maximally differerat @asily distinguishable in the videos.
The word forms were designed in such a way thelh ggammatical category had its
own phonological form, making the categories easydistinguish. All words follow the
phonological rules of English. Nouns were all daslyic, with syllable structure CVC and all
had different initial sounds. All nouns had wordtal stress. The verbs were monosyllabic,
all with the structure CCVC. Adpositions were moylladbic with VC structure, thus in
keeping with the shorter form of function wordshettural languages. All meanings and words

are listed below.

Nouns: animates: dog ‘walsid’
lion ‘mernat’
pig ‘poltun’
zebra ‘tifpog’

inanimates: basket ‘fadlon’
box ‘kestur’
pan ‘surmip’
towel ‘hindel’

Verbs: kiss ‘smop’
ram ‘blid’
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Adpositions: behind ul

in-front-of  ‘ag’

3.4. Materials
The pictures and videos were made using hand psigret realia. All videos were three
seconds long, giving participants some time to eppte the scene before the action was
depicted.

The words and sentences were recorded by a sped@kea North American accent
and presented aurally. Single words were recordethe first training phase. For the second
and third training phase and the test phase, eacti was recorded in each possible position

in a sentence with nonsense words consisting okillables ‘*ha’. For example:

tifpog ha-ha ha-ha ha-ha ha-ha

ha-ha ha-ha ha-ha smop ha-ha

The recording in sentences was done to give tlad §ientences a better flow (as opposed to
recording single words). The use of the nonsendlabéy ‘ha’ was intended to avoid
unnatural transitions between words due to theasiing of phonemic features. The words
were cut out of the sentences and concatenatedraduge relatively natural-sounding
sentences. This happened online within the progmrErPrime which was used to conduct

the experiment.

3.5. Procedure
Participants performed the experiment on their @va computer. They were taken through
the programme automatically and written instructiavere provided on screen before each

phase.

Phase 1: In this phase the participants acquirechtluns. They were shown pictures of each
animate and inanimate noun in random order, wrekring the associated words. Each noun
was presented six times to ensure all words wemméel well, as this was essential for the
acquisition of the sentence structures. The ppditls were encouraged to repeat the words
out loud to themselves to learn the words bettéerdvards, the participants received a short
comprehension test in which they had to selectigt picture from two options for the word
they heard. All words were tested once, so thisaassisted of eight items.
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Phase 2: In this phase the participants were tlagre simple sentences (involving only a
verb, an agent and a patient) and complex senteficeslving a verb, agent, patient,
adposition and an object). In this round, partioisathus learned the verbs and the
adpositions, the dominant word order and the oodeadposition and noun. The sentences
were presented in random order.

The training consisted of short videos (three sdspthat were showing either simple
or complex events. In the simple events, one anpadbrmed an action to another animal. In
the complex events, an animal performed an actioanbther animal, whilst an inanimate
object was positioned either in front of or behthéd second animal (e.g. the patient). After
three seconds, the videos remained in their firgah&€, which was illustrative of the event as a
whole. The participants then heard the sentendedttsribed the scene in their language. As
in phase 1, participants were encouraged to repeasentences to themselves. Pictures 3.1

and 3.2 below show examples of final frames fangt and a complex event, respectively.

iy~ A . .
Picture 3.1.'Simplie event ‘the lion rams the zebra  Picture 3.2. Complex event ‘the pig kisses thewbg
is in front of the basket’

The participants received 18 simple sentence expssand 32 complex sentence
exposures. In these sets, the occurrence of thedvias and the two adpositions was balanced
(e.g. 9 + 16 exposures to each verb and 16 exposoireach adposition). The occurrence of
the animate and the inanimate nouns was also kedase much as possible. Recall that all
four languages have two possible sentences for eantplex meaning (because of the
balanced distribution of N/PP ordering). Theref@ach complex video occurred twice, once
with each possible N/PP ordering. This ensured thate was no difference in meaning
between the two structures in the training. The mlemtraining thus consisted of 16 different

meanings.

20



Test phase: Participants performed a comprehemssbna production test and a grammatical
judgment test. The comprehension test only inclugsieaple sentences. These tested the
comprehension of the two different verbs (4 itemsy of the order of object and verb (4
items) by means of different distractors. Partinigaheard a sentence and saw two videos and
were required to click on the final frame of theled that corresponded to the sentence they
heard. A distractor in the verb condition wouldahxe the same animals in the same roles as
in the target meaning, but with a different actiéor example, participants would thus hear
the sentence ‘the dog rams the lion’, and see mowiea dog ramming a lion and a dog
kissing a lion. For the order of the object andbeb, the distractor would involve the exact
same lexical elements, but the agent and the patenld be reversed. l.e., participants
would hear the sentence ‘the pig kisses the zem@they would see videos of the pig kissing
the zebra and the zebra kissing the pig. It was@mamot to test complex sentences here as
comprehension tests could not provide any additioi@armation with regard to the ordering
of the adposition and the noun (as one can stiletstand the meaning of a sentence without
knowing what the order of the adposition and themis).

For the production test, participants saw new \sdetich showed meanings which
had not occurred during the training phase. Theyewequired to vocally produce a sentence
in their language to describe the video. They waateised that multiple answers could be
correct, but that they could only give one. Themrevl2 novel complex meanings in this test,
plus 8 simple items. Productions were recorded gusinmicrophone and saved by the
experiment programme for transcription.

The final test was a grammaticality judgment testich included 24 novel complex
items. Half of these items were in the participanotgn language, and the other half was in
the three other languages (i.e. four sentencesoih@r, ‘wrong’, language). The test also
included 8 simple sentences, again half of whicheweorrect and half were incorrect (i.e.
four sentence in each VP order). The ordering dPMAvas balanced for the complex
sentences throughout this test, so half of theesest in each language were PP-N, and the
other half was N-PP. Participants heard each seatevice and were required to click on a
picture of a green tick if they thought the sentem@s correct, or a red cross if they thought
the sentence was incorrect. All sentences expresfecent meanings.

After the experiment, participants were asked wéethey had ever learned any other
languages besides their native tongue, and forlopwthey had studied these languages.
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The presentation of two different sentence typehiwione training round may seem to be
rather demanding. However, pilots showed that ingiton the verbs and the dominant word
order separately using a round with simple senteooty was too easy, resulting in ceiling

performance.

Two different meaning sets were made for the expant. Each meaning set consisted of a
different set of videos (and thus sentences) fersiéntence training, the comprehension test
and the production test, and a different set oteswes for the grammaticality judgments.
This was done to ensure there was no bias invaiveither the training or the test phases, for
example because of some lexical elements posséhglcombined more often than others.
Participants were randomly assigned to the eigtierdnt conditions (i.e. one of the four

languages and one of the two meaning sets).

3.6. Coding and analysis

For the vocabulary test, the comprehension testthadgrammaticality test, total correct
scores were used for statistical analyses. Theuptmoh task was scored by hand on a series
of measures. The total number of correctly produdechinant word orders was calculated.
This thus included both simple and complex sentgnelich means that the maximum score
was 20. The total number of correctly produced adpmal phrases was also counted, which
thus only involved the complex sentences, equallgems. The position of the adpositional
phrase relative to the animate noun it modified wE® considered, and a variable of the
percentage of left-positioned PPs out of all predu®Ps was calculated. The number of
vocabulary errors was counted, and the number a$sioms of single words, partial or full
PPs and full sentences was counted. Finally, tineeu of ‘PP split’ constructions (described
in more detail in the next chapter) that some piadnts used was also counted.

An independent sample T-Test was performed to kcheoether there was any
difference between the two meaning sets that weesl.uFurthermore, one-way ANOVAs
were used to determine the influence of particigagtperience learning other languages and
a possible effect of sex. Two-way ANOVAs were parfed to investigate whether the scores
were significantly different for either the dominamord order or the adposition order, and
whether there was an interaction between the two.the scores that showed significant
interactions, Tukey post hoc analyses were perfdrioedetermine the exact differences
between the languages.
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4. Results

4.1. Participants

In total, 46 people were tested. For one partidipechnical problems had occurred during the
production test which caused here data not to t@ded. The rest of her data were therefore
excluded from the analyses. Eight participants wexeluded as outliers, because their
production data were very limited. Five of them svexcluded because they had omitted
seven or more complex sentences, adpositional ghrass parts of the adpositional phrase
(either the adposition or the noun). One participemply failed to remember any of the

words and produced word forms of which the majociiyld not be reliably recognized as the
words in the language. Finally, two participantedurced ‘split’ adpositional phrases in over
half of their complex sentence productions. Theystlinserted the animate noun to be
modified between the adposition and the inanimatennThis structure never occurred in the
training data and as these participants used thistare in (almost) all of their sentences,
they cannot be said to have learned the languagetwte adequately, thus making them
unsuitable for further analysis.

Altogether, the outliers were thus people who Had,one reason or another, no
analysable data for more than half of the complntences. This cut-off point was used as
such an important lack of unanalysable productamds too much noise to the data.

Table 4.1 below shows the languages of the ppaints who were excluded as outliers
due to limited production. There are some diffeemnbetween the languages, but an equal

number of participants was excluded from the nhdt@md the unnatural languages.

Language 1 Language 2 Language 3 Language 4

Number of outliers| 1 4 0 3

Table 4.1. Number of outliers excluded per languagmause of limited production.

In the final analyses, 37 people were thus includedble 4.2 below shows the details of the

participants per language and in total.

Language 1 Language 2 Language 3 Language 4 Total
Number of participants 10 7 11 9 37
Female participants 4 2 5 3 14
Age 22;2 21,0 20;7 21;7 21,4

Table 4.2. Participants’ details per language artdtal.
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4.2. Pre-analysis tests

Independent samples T-Tests were performed wittestlvariables to see whether there was
any difference between the two meaning sets tha¢ weed. No significant difference was
found for any of the test variables (largest t-eahith associated loweptvalue was: t(35) =
-1.636,p = .113), which means that the scores were notenfted by the meaning sets.
Therefore the meaning sets were collapsed forutiedr analyses.

It was found that some of the test variables wereelated with participants’ language
learning experience (both for the number of yehey thad learned other languages and the
number of other languages they were familiar wighpne-way ANOVA was performed with
language as a factor to investigate whether ‘lagguaarning experience’ was distributed
randomly across languages. Both for the numbereafrsy participants had studied other
languages (F(3,31) = .726,= .544) and the number of other languages the vianiliar
with no significant differences were found (F(3,3%).374,p = .772). The spread of
experienced language learners was thus indeed maadd therefore it was not included in
the analyses as a possible confounding variable.

The sex of the participants was also found to teetated with some of the test
variables, with females outperforming males. Howgewsgain a one-way ANOVA with
language as the independent variable showed tieasphead of males and females was
random across the four languages, as there wesggndicant differences across languages
(F(3,33) =.189p = .903). Therefore it was decided not to incluele @s a covariate in further

analyses.

4.3. Two-way ANOVAs

Two-way ANOVAs with VP order and PP order of theget language as factors were used to
investigate the effects of both PP order and VReooah the various test results. As the results
on the vocabulary test, the comprehension testsithple grammaticality judgments and the
VP order in the production task were virtually petf they did not show any significant
effects of either word order in further analysekisTis clearly illustrated by the charts of the
mean scores and standard deviations in Figuree41 4 below. All tables in this section are
clustered by VP order, with separate bars for édetorder. The numbers in the bars indicate

the languages that they correspond to.
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Figure 4.1. Means and standard deviations of theFigure 4.2. Means and standard deviations of the
correct scores on the vocabulary test (8 items). correct scores on the comprehension test (12
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B Prepositions ® Prepositions
O Postpositions O Postpositions
UV 8 T T H 20
a+ 0]
EQ S Z 16
a5 B =
T n o
=S5 = 3
O -~ O 512 —
22, 3
oE 4 I
o 8 °5 8
5® o2
O£ 2- * g © 4. —
5 E 2 4 > 2 4
=29 0 .
VO ov VO oV

Figure 4.3. Means and standard deviations of theFigure 4.4. Means and standard deviations of the
correct scores on the simple grammaticality correct scores the VP order in the production
judgments (8 items). test (20 items).

All of these measures are concerned with vocabw@adyVP order, but not PP order. Figures
4.1 to 4.4 show that the participants performedugity at ceiling for all these measures,

which indicates that the VP order was well-learimedll languages.

4.3.1. Complex grammaticality judgments
The two-way ANOVA with the total correct score file complex grammaticality judgments
showed a marginally significant interaction betwekae VP order and the PP order of the
different languages (F(1,33) = 3.9§65 .054). There was no separate significant effech
either the VP order (F(1,33) = 2.1485 .152) or the PP order (F(1,33) = .8p5; .362). The
means and standard deviations of the scores avapdin Figure 4.5 below to visualize the

interaction.
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Figure 4.5. Means and standard deviations of coseares for complex grammaticality judgments
(24 items).

Figure 4.5 shows that in general, performance onl&guages and prepositional languages
seems to be slightly better, however, this diffeeewas thus not found to be significant. The
interaction that is found indicates that the effect the two factors are dependent on each
other. Figure 4.5 seems to show that performancth@matural languages 1 and 4 and the
unnatural language 3 is very similar. Performantéaaguage 2 seems to be worse. However,
Tukey post-hoc comparisons of the scores per lagguevealed that there was no significant
difference between the scores for any of the laggsidlowesp = .121). The lowegp-values
were observed for the difference between languagy@d2he other languages (languagp #:
.217, language B = .366, language @ = .121), ang-values for the differences between the
other languages were much higher (next-lovpegalue = .856). However, it is clear that no
languages reached theof .05 so at this stage it is not warranted to thé® as a genuine
pattern. Performance on language 2 is thus inrfattsignificantly different from the other

four languages.

4.3.2. PP order in production task
The two-way ANOVA for correct scores on the PP ortethe production task showed a
significant effect for adposition order (F(1,33p~30;p = .023) and a significant interaction
between the two factors (F(1,33) = 7.098= .012). The effect of the VP order was non-
significant, although fairly close to .05 (F(1,333.617;p = .066). The means and standard

deviations are again provided below in Figure 4.6.
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Figure 4.6. Means and standard deviations for cbseores for PP order in the production test (12
items)

The means for the PP order scores in the produtgsinshow a picture that is similar to the
scores for the complex grammaticality judgments.aiAg performance on OV and
prepositional languages seems to be better, andithé the difference between prepositions
and postpositions is thus indeed significant. TigaiBcance of the interaction indicates that
the effects of the two orders are again dependemagh other. Again, languages 1, 3 and 4
seem to be very similar, with language 2 showirng worst performance. Tukey post-hoc
comparisons showed that in fact, only languagestgsificantly different from language p (

= .009), language (= .027) and language # € .024). Between the other languages, no

significant differences were found (lowgst .937).

4.3.3. N/PP order
Another variable of interest is the positioning tbe adpositional phrase relative to the
animate noun, the N/PP order. As was discussedh@p®@r 3, in VO and prepositional
languages, the PP will mostly occur on the righthef noun it modifies, whereas in OV and
postpositional languages, the PP will mostly ocoarthe left. A two-way ANOVA was
performed on a measure of left-positioning of tike Phis variable was calculated by dividing
the number of left-placed PPs by the total numiié?Rs used. It was found that there was a
significant effect of VP order (F(1,33) = 7.442= .010). There was no significant effect of
the PP order (F(1,33) = .178;= .675) and no significant interaction betweentthe orders
(F(1,33) = 2.839p = .101). Again mean scores and standard deviafmmkeft-positioning
are provided in Figure 4.7. Figure 4.8 shows theraye scores per VP type to further clarify
the direction of the VP effect.
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Figure 4.7. Mean scores and standard deviationg-igure 4.8. Means and standard deviations of the
of percentage of left-positioning of the PP by percentage of left-positioning of the PP by VP
language order

Figure 4.8 shows that overall, people who learn&Dalanguage produced close to 50% of
their PPs to the left of the head noun. People \Wdasned OV languages placed the
adpositional phrases on the left more often. Thierardering is in line with the OV order,
which indicates a steering influence from the VRleoy which was thus found to be
significant. As mentioned above, no significaneetfof the PP order was found.

Seeing as the input distribution of PP position VB&$50, it is interesting to see
whether the participants have copied this distiloutOne-sample T-Tests with a test value of
50% were used to find out whether the percentageftpositioned PPs is different from
50% for either VP type or either language. For\ietype, it was found that the percentage
for OV languages is significantly different from%Qt(19) = 3.793p = .001), while the score
for VO languages does not differ from 50% (1(16).279,p = .784). This suggests a native
language effect which allows people to replicatttlained order better for the VP order that
is closest to the one in their native language. Whe look at the scores for the individual
languages in Figure 4.8, there seems to be a tubede the languages closer to English are
also closer to 50% (with language 1 being clodasguages 2 and 3 being further away but at
an equal distance, and language 4 being furtHesict however, it is found that only the PP
positioning in language 4 differs significantly finc60% (t(8) = 5.751p = .000). For language
1 (t(9) = .616p = .553), language 2 (t(6) = -1.095, p = .316), Emduage 3 (t(10) = 1.70p,
=.119) the PP-positioning did not differ signifitly from 50%. This seems to indicate that
there was an influence from the native language,th&s only language that differed
significantly from 50% is the language that is teadese to English. Note that there seems to
be a trend for lower t-values and higlperalues from language 3 to language 1, which would

confirm the pattern of native language influencd differentiation between the influence of
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the VP and the PP. However, no claims can of cobesenade based on such a trend with

high p-values.

4.3.4. Vocabulary errors

Another two-way ANOVA was performed to investigatether there was any difference
between the languages in terms of the number citudary errors that were made. These
vocabulary errors only include those made during pinoduction task, as a very limited
number of errors was made in the initial vocabulast involving nouns. Figure 4.9 below
shows the means and standard deviations. The AN@WAd a significant effect of VP order
(F(1,33) = 4.121p = .05). Figure 4.9 shows that this means that fexwweabulary errors were
made in the OV languages. No significant effectref PP order was observed (F(1,33) =
1.499;p = .230). The interaction between VP and PP ordes also non-significant (F(1,33)
= 2.293;p = .139), indicating that there is no significaiffetence between the natural and
the unnatural languages. Although the interactias wot significant, Figure 4.9 does seem to
show a pattern that is similar to the other testex (albeit reversed as it is concerned with
the number of errors).

B Prepositions
O Postpositions

Vocabulary errors
in the production test

0
VO ov

Figure 4.9. Means and standard deviations of tleatwalary errors made in the production test
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5. Discussion

5.1. Vocabulary and dominant word order
As was shown in the results, the scores on vocabuaiaasures and the dominant word order
in both simple and complex sentences were closeitmg. For the most part, the languages

were thus well-learned.

5.2. Adposition order

The adposition order was clearly the aspect ofahguage that was harder for participants to
learn. This showed from the errors that were madée complex sentences in the production
task and the grammaticality judgment task. Note dwew that also for these measures,
participants had fairly high average correct sc§8586 for grammaticality judgments, 84%
for the production task). This shows that the iragrthat was given was adequate, allowing
participants to understand and use the structutleeofanguage. The errors that were made are
therefore not simply due to the participants fglto grasp the language altogether.

For the PP order in the production task and theptexngrammaticality judgments,
the interaction between the dominant word order #red adposition order of the target
language was significant and marginally significargspectively. This indicates that the
effects of the two variables are dependent on edlchr. The patterns of performance per
language seemed similar for both measurements, languages 1, 3 and 4 showing similar
performance and especially language 2 showing neorers. However, the difference
between language 2 and the other languages wadaumlg to be significant for the PP order
in the production test.

The (marginally) significant interactions betwedme ttwo orders and the (trend
towards) worse performance on language 2 can bepmigted as a combination of influence
from a VP/PP bias (which is essentially a manitestaof a head-order bias, but for clarity |
will use this term) and the native language. | wmkke two claims about the meaning of the
results: firstly, the natural languages show egqugdlod performance, which is evidence for
an effect of the VP/PP bias. Secondly, scores enutimatural languages are not equally
weak, which is evidence for a combined effect af ¥MP/PP bias and native language
influence. The first claim is most obvious, as tesults are exactly in line with the predicted
influence of a VP/PP bias. | will get back to thislow. The second claim involves a more

complex explanation, which | will provide first.
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5.2.1. Combined influence on the unnatural languages and the N/PP order
As was mentioned in Chapter 2, the VP/PP univesssaid to be a bidirectional implicational
universal (Dryer, 2011d). This would mean that botbers imply each other to a similar
extent. In that case, it would be expected thaabse languages 2 and 3 both differ from the
native language structures on one language feamatese language influence should not
cause differences between these two languages. owlewill argue here that performance
on language 2 was so much worse than languageaB$etanguage 2 was similar to English
with regards to the VP order, while language 3eddtl from English on that feature. In order
to make this argument, | will first turn to the wés from the PP-positioning to explain why
there is a difference between the two orders.

The third order that occurred in the training datach is usually also consistent with
the VP and PP order is the order of the PP anddha it modifies. To avoid influence on the
order of the VP and the PP, the distribution o$ thider was balanced, as was discussed in
Chapter 3. In the production task however, thisiheéd input distribution was not matched in
the output for all languages. As was discussedhapter 4, for VO languages, the ordering
did not differ significantly from the balanced dibution in the input, but for OV languages,
the majority of produced PPs was placed to thediethe noun. The latter is in line with the
positioning that would be predicted by an OV larggi&Christiansen, 2000).

The prominence of left-positioned PPs in the O\glaages indicates that the VP order
has a steering effect on the order of the PP amadlun it modifies. This directionality has
been suggested for the VP/PP universal (Dryer, @)1t to my knowledge it has not been
proven in an experimental setting or otherwise.eNalso that this is against the native
ordering: ‘the pig behind the box’ vs. *behind thex the pig’. The VP order thus seems to
have a strong effect on the N/PP order here, whiglersedes native language influence. This
VP influence is further corroborated by the faattthe VP order but not the PP order had a
significant effect on the results.

On the other hand, learners of the VO languagéesrad to the trained distribution.
Experimental studies have shown that adult langlesy@ers are able to track probabilities in
inconsistent input and match these probabilitieshir output (Hudson Kam & Newport,
2005; 2009). Furthermore, it has also been showh uhder certain circumstances, adult
learners will regularize inconsistent input (Hudd¢tem & Newport, 2009; Hudson Kam &
Chang, 2009). In the present experiment, learnér¥® languages matched the input
probability of the N/PP order, while learners oé tBV languages regularized towards the

order that is associated with the VP order. Itikely that these two different effects are
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caused by native language influence. Native languedluence in this case could be
hypothesized to have two effects: it could havehpdspeople to use more right-positioned
PPs, following their native language structure.eAlatively, the fact that the main word
order, that of the VP, is similar to the nativedaage could also make it easier for learners to
focus on the exact distribution that is presentad match the probability more accurately in
their output.

It seems that the latter is the correct interpr@tabere. This is corroborated by the
fact that if we look at the individual languagdsere seems to be a trend for the languages
that are closer to English to match the input iigtron more closely. Only in language 4 the
distribution of left-positioned PPs is significantifferent from 50%. This also means that if
the PP order is native-like, this also has somkiente on the ability to copy the input
distribution (otherwise the fact that language 8as significantly different from 50% cannot
be explained). All in all, the presence of natilke|features seems to allow learners to
allocate more attention to the balanced distributod the N/PP order. Indeed, it has been
argued by Hudson Kam and Chang (2009) that menoay influences the ability of learners
to match inconsistent input probabilities in thaitput. They found that learners who learned
a language in which use of determiners was inctargiperformed differently dependent on
the type of production test they received. Learngh® performed a normal test without
reduced demands on memory load generalized thet ipptiern (overusing the main
determiners). In contrast, learners who perfornestistwhich reduced the demand of lexical
retrieval matched the input probability closely.e§ance of native-like orders in some
languages in the current experiment is likely teehdbowered the memory load during the
production test in some way.

Altogether then, the effects of a second bias wietected in the present study. The
shape of the effect follows the head-order prirespihat are seen in the languages of the
world, in combination with a native language infige. The results are thus another
manifestation of the bias towards consistent heddring.

These outcomes bring us back to the influencehef YP/PP bias and the native
language on the acquisition of the PP order itggdfthe VP order seems to be the driving
order, it is likely that this order being similar English had a stronger effect on learners than
the PP order could. In this case, this led pawicip to be less able to acquire the PP order that
was different from their native language. The dmvNP order corresponding to their native
language probably pushed them more strongly towasdsy the native PP order in language

2, causing them to make more errors than the lemindanguage 3. In language 3, the order
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that was similar to English was not the governingeo, probably making it easier to ignore
the native VP/PP combination.

This may seem opposite to the findings on the NJRIRr, where participants were in
fact helped to match the input probability if natilanguage features were present. However,
as was discussed earlier, other studies have fthatdhdult learners are usually well able to
accurately match inconsistent input in their outgsipecially if no additional difficulties are
present. As was argued before, the presence ofeddte features will have helped learners
to focus on the distribution by reducing memorydo@onversely, in the case of language 2, a
combined force was likely pushing learners towadifferent PP order. Firstly, the universal
preference for VP/PP consistency and secondlydtheng VP order was native-like and
therefore probably steering even more stronglyttier native-like PP order, which coincided
with the ‘natural’ order.

Finally, an additional native language effect waisnid in the significant effect of PP
order on the PP order scores in the production taskres in prepositional languages were
significantly better than scores in postpositidiaalguages. This indicates that in production,
people were more inclined to use prepositions f@stpositions. This is likely to be a side-
effect of the ‘bad’ scores on language 2 and tredgrores on language 3, both resulting in

more prepositions.

5.2.2. Confirmation of the VP/PP bias
The discussion so far has focused on the shap&eohative language influence and its
interaction with the VP/PP bias. | will now shortlyscuss the evidence for the VP/PP bias
itself. The presence of this bias is made evidgrihb high scores on language 4. Language 4
is the only language that bears no similarity toglish in the main linguistic features.
However, learners of language 4 obtained similarescto those acquiring language 1. The
only explanation that can hold for this is thatréhis indeed a VP/PP bias at work in learners’
way of learning or processing the language, antitbenative language influence is not the
only effect that is at work here. The fact thaglaage 4 adheres to the VP/PP bias thus makes
it easy for learners to acquire it.

One might argue that the similar scores on langagad 4 can be interpreted in a
different way. Namely, if the VP order is differeindbm the native language, learners are not
‘confused’ and therefore able to learn any givedear Language 2 would then be more
difficult because it had the native VP order withumexpected PP order. However, there are

some problems with this explanation. Firstly, thiglanation still depends on the VP order
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being the driving order which influences the PPeorsomehow (otherwise, again, having a
non-native VP or PP should be equally difficult)od importantly, this explanation clashes
with the findings on the N/PP order, which was dieafluenced by the VP order. Indeed,
the VP order was able to lead learners of OV laggsdo create a majority N/PP order that
followed the VP influence, which was not presenthe input. There is no reason why the
connection between the VP and the N/PP order nfigidtion in a different way from the
connection between the VP and the PP order. hasfore to be expected that the VP order
will have a similar influence on the PP order. Esaléy because the relation between the VP
and the PP and the VP and the N/PP that were fhar@replicate the relations these orders
have in the real world data.

A result that does not seem to be easily explais¢hde significant effect of VP order
on the vocabulary error rate in the production taBéarticipants in OV languages made
significantly fewer mistakes than participants i@ \anguages. Since all participants learned
the exact same word forms for each vocabulary itdrare seems to be no reason for a
difference in vocabulary errors. If anything, oneuld expect that languages which are hard
to learn in terms of structure would have more botary errors because learners have to
allocate more attention to the structure. If tisighe case, there is clearly no native language
bias at work here. An adequate explanation fordbes not seem to be available at this time.

To summarize, in the results of this study we seeb@ering bias at work twice.
Firstly, PP orders that are in line with the ordgrof the VP are easier to learn. Secondly,
learners will extrapolate the order of the VP te ¢inder of the PP and the noun, despite initial
balanced ordering, if native language influencalisent. Furthermore, it was found that the
VP functioned as the driving base structure in @éhesdering effects. Native language
influence was found to make it especially hardetrh a language with a similar VP order but
a different PP order. However, it also makes iieza® match the input probability of the
ordering of the PP and the noun.

The fact that an ordering bias is obtained despéar native language effects shows
that it is deeply engrained in the way we handiglege, even showing when the language in
guestion is a second language (or even third athHpuThe bias would thus also be resistant
to extensive amounts of language contact that havienportant role to play in the shaping of
languages. Furthermore, the bias can already bertstrated when people are learning a very
small and simplified language. The results obtaine therefore imply that the ordering bias
is very likely to be strong enough to cause thgdatifferences between language types that

are found in the real world.

34



To come back to the predictions that were madehapter 2, the interaction between
the ordering bias and the native language influetheg was found seems to show that
prediction (b) is the closest to the data:

(b). If the native language influences performaalcmgside the VP/PP universal bias then
the ranking of scores will be as follows:
1>4>23

However, it is clear that the exact shape the actéyn has taken was not as expected. 1 and 4
were actually on a very similar level, indicatirgt the ordering bias was even stronger than

was initially expected. The (unpredicted) differefetween languages 2 and 3 was caused by
the unexpected difference between the VP and thard¥® in terms of their influence on each

other.

5.3. An alternative explanation

An alternative explanation of the data and espigctake good performance on language 3
may be derived from Dryer’s observation (2011d)@¥S languages with prepositions. As
was mentioned in Chapter 3, he remarked that thebeu of OVS languages with
prepositions was relatively high considering thealtonumber of OV languages with
prepositions (3 and 14, respectively). Becausentimaber of languages of this type that are
currently described is so small, there is no cetyaat this time whether this is due to
coincidence. However, if there indeed is some usaletendency for OVS languages to
ignore the VP/PP universal more easily than othegliage types, then the present study
would suggest that this would be due to an indiaiduas in learners. This would be a highly
interesting result as such a bias would be mucHénao explain than the bias causing the
VP/PP universal. The two explanations are alsoimmmpatible: it could be that both this
special bias and native language influence wereuiang language 3. However, there are a
number of reasons why this explanation seemsiledy than the one provided above.

Firstly, as was discussed in Chapter 2, the mabietween VP and PP order is an
exceptionally strong and well-confirmed one, with @verwhelming majority of languages
adhering to two out of the four possible combinadi§94,3%; Dryer, 2011d). Secondly, as
was discussed in Chapter 3, the OVS languages lieredo the general pattern. Thirdly, out
of the two unnatural types, it is in fact VO + pmstitions that is more common (42

languages, against 14 for OV + prepositions). Thiference could just as well be due to a
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slight preference for VO + postpositions over O\repositions. That would make it just as
likely to lead to a difference in the results abthtudy, which has clearly not been the case.

Altogether, while it is a possibility, and indead interesting one, that there is an
additional bias towards OVS languages ignoring WiRéPP universal, at this point in time
there does not seem to be enough empirical evidensagpport such an explanation. Perhaps
in the future, when more languages have been thescrone of the two explanations can be
chosen with more certainty. Further experimentadlists could also help clarify this matter.
For example, the shape of the native languageteftedd be verified by having speakers of
postpositional OV languages perform the preseneexnt. If language 3 would again show
better learning, there may indeed be somethingiapabout prepositional OVS languages.
Alternatively, by using different word orders (stech VSO and OSV for example), it could be
investigated with English speakers whether the \edemt of language 3 in this study is
favoured in the same way or not. If it is, the effées likely to be due to the combined
influence of the English native language and tlteong bias. If it is not, there may indeed be
more to the OVS languages and their prepositions.

5.4. Relation to other studies
The present study provides interesting additionalghts to some of the studies discussed
earlier in Chapter 2.

As in Culbertson and Smolensky (forthcoming), bathbias on the level of the
individual learner and influence from the first ¢mmge were found. The native language
influence in the present study seems to have lsbager effect however. In Culbertson and
Smolensky, the native language influence was obbkeoved in the language that was least
favoured, but the other three languages were rfettefl. In the present study, the effect
probably seems stronger because there is only mierence at work: a preference to have
the heads in the VP and the PP on the same sitieiotlauses. The two unnatural languages
are therefore both equally unnatural, allowingriaéve language to leave a stronger mark on
the results. As was discussed above, finding thtsr@ language influence may well render
the results even more interesting as it showsttiebias is strong enough to overcome the
influence of a first language.

Alternatively, it might be possible that in Cultsh and Smolensky’s experiment, as
in the current experiment, there was a differeneavben the two non-harmonic orders.
Recall that one of the non-harmonic languages, haiMemeral-Noun + Noun-Adjective,

showed less majority order boosting than the obinéers. It could be that this was also due to
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a difference between the two word orders in terfrthar influence on each other: one might
be driving the other. Taking into consideration thsults from the present study, this would
have to be the Numeral-N order, which was natike-lHowever, the fact that exactly that
type of language is also less common in the langsiaf the world seems to make this a less
likely candidate explanation. However, it is a plodisy that might deserve attention in future
research.

The results discussed here were clearly not mwith those found by Cook (1988).
The only time there was a significant differencéwsen scores on the adposition orders, it
was associated with an advantage for prepositions, postpositions. The present study
therefore suggests that indeed, Cook’s results erer@tefact of his experimental design. The
present study has clearly confirmed the presenee/PP bias.

The results obtained here have confirmed the rdig&liby Christiansen (2000), in
showing good performance on languages with comgistead-ordering. The bias he found
thus holds in an experimental setting with lingeisteaningful stimuli. Also, this study has
shown that the bias has its effect on isolated wanders as well, not simply in overall
consistent or inconsistent languages. Furtherntbeepresent study has shown that a native
language influence can occur alongside, but willow@rrule this bias.

A result that no other study has hinted on sasféne finding that the VP has a leading
position when it comes to the orientation of thaderder in other clauses. It shows that the
bias towards consistent head ordering takes orngfigperder as a starting point to derive the
other orders from. It should be noted that in thesent study, participants received more
exposure to the VP order than the PP order, whatlidcbe another explanation for this
effect. However, recall here that Dryer (2011d)estsed that in natural languages it is almost
always the VP order that will change first and érfaange in the PP order, not the other way
around. The explanation that is favoured here &reflore also backed up by common

processes in the languages of the world.

5.5. Relation to theories on language universals

The present study provides support for theoriesiraggy that some type of bias on the
individual level is responsible for the large-scpkgterns that we see across thousands of
languages today (i.e. Christiansen & Chater, 2008yy, 1999; Chomsky, 1986). It is
therefore inconsistent with purely historical exy@tons that ascribe the universal to
historical processes of language change such amgaticalization (i.e. Bybee, 1988). While

these historical processes may have an added efidbe patterns we see in languages today,
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the present study has shown that they cannot bentlyeexplanation, at least not for the head-
ordering patterns that were investigated here.

The present results also go against the claims nbgd®unn et al. (2011) that
language universals are in fact lineage-specifit @used by processes of language change.
If language universals were indeed caused by spemfterns of change within lineages, the
differences between the learnability of the founglaages should not have occurred. This
study is therefore another indication that theeestill problems with Dunn et al.’s application
of phylogenetic analyses to human language.

What the present study, like other artificial laage learning studies, cannot
determine is the exact type of bias that is invéivienguistic or non-linguistic. Following
Christiansen (2000), | would like to argue howetlaat it is most likely a domain-general
bias, not a linguistic bias. As was discussed exanti Chapter 2, there are various arguments

to convince us that it is unlikely that specifieduistic biases could have evolved.

5.6. Limitations of the present study

The experiment that was done in this study wasestilip a few limitations. Firstly, some
compromises have been made in the design of tlyudmes. Uncommon word orders were
used to avoid strong native language effects, thistas yet not completely certain that these
orders adhere to the universal pattern (even thaugh highly likely given the current
typological data). Also, the incorporation of a d&aled word order made the universal
languages more consistent in their head-orderiag the inconsistent languages. Finally, and
of a more practical nature, there was a fairly tédinumber of participants due to constraints
on time and resources. However, there are no ucig®r otherwise inexplicable results
that lead back to any of these limitations. If &myy, the decision to include a balanced
ordering has led to an additional highly interegt@md unprecedented result which has proven
to be useful for the interpretation of the targetad Furthermore, the small number of
participants which still led to significant resuiésan attestation to the strength of the bias that
was found. However, as was mentioned in Chpatdrete were a few trends to be observed
which confirmed the more general patterns foundhe data, but which did not reach
significance. It is possible that that would haweet the case if a larger group of people

would have participated, which would have strengéakethe results.
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5.7. Suggestions for future research

A few suggestions for future research were alrgadyided above, with regards to testing a
possible special bias for prepositional OVS langsadespecially recruiting participants with
different native languages for an experiment suchha one reported on here would be an
interesting avenue of research. It could help tofiom or reject the interpretation of the
results that were found in the present study. Aeogiossibility might be to investigate the
effect of the biases found here in chains of trassion, such as those used in iterated
learning experiments. It has been suggested thadgriyng biases are weak, but that their
effects become larger over time when language asstnitted, as small changes to the
languages accumulate (Smith & Wonnacott, 2010; iRaGriffiths, 2009). It would be
interesting to see if in such an experiment thePAPhias would be able to push learners of an
inconsistent language to gradually make the langwatipere to the VP/PP bias. Whether the
native language effect is sustained in such a pgrat also an interesting question. Finally,
to confirm the driving force of the VP order, it wld be interesting to conduct an experiment
which involves an equal number of exposures toMReand the PP order, for example by
including simple statements involving only an NF anPP.

Investigating biases for other word orders couldabether interesting step. Because
the universal patterns across languages are natleglear and strong for each order, it will
be interesting to see if the bias towards certamhgnations is also stronger or weaker than
for others. Another interesting avenue for futuesearch may be to further investigate the
importance of the VP order in determining otheressd and possibly, what effect arises if no
VP is present or if the VP order is balanced. Taisld tell us more about the prominence of
this order and the way it is used by learners.

Finally, the present study has shown that withlatikely small amount of training,
interesting results can be obtained. Tily and Ja@geappear) stress that time is a problem
with artificial language learning studies as theyally take several sessions. However, like
Culbertson and Smolensky’s study, the experimead fisr this dissertation took place in one
session. Furthermore, participants took betweear®8645 minutes to complete it. Depending
on the linguistic features under investigation, ldmguage can thus be sufficiently simple to
be learned in a short period of time. Also, thesprg¢ study has shown that an important
measure to save time, namely limiting vocabulaegcnot compromise the acquisition of the

grammar.
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6. Conclusions

The present study has shown that the universapathat is found in the combination of VP

and PP order is caused by a bias on the individwal of the learner. This was shown by the
good results on both natural languages in the @xpeat, whether the target structures were
similar to English or not. This bias for consistér@ad-ordering was also observed in the
effect of the VP order on the order of the noun &sanodifying PP. This became apparent
through the preference for left-positioned PPs ttoe N/PP order in OV languages. In

addition, it was shown that it is in fact the VRattkexerts this influence on the other word
orders, as the effect of the VP was significant,rtmi the effect of the PP.

Alongside the effects of these biases, native laggunfluence was observed. This
native language influence became apparent in the raccurate matching of the balanced
input distribution of the N/PP order in VO languages opposed to OV languages, and the
more accurate matching of this distribution in @dtee languages with native language
features. Furthermore, there was a difference & ttho unnatural languages, with the
language that shared the VP order with English spworse performance. It was argued
that this was due to the fact that the VP hasedhdihg influence on the other orders.

The present study thus lends support to theorieshnduppose that innate biases are
at the basis of the universal patterns we seeturaldanguages.

Word count: 14,723
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