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CHAPTER

1

Introduction

1.1

The ontological status of morphemes

The experiments reported in this book are an attempt to study the processing and storage of the
basic constituents of meaning in language, and in Dutch in particular. These basic constituents
can often be words (nouns like hond ’dog’, verbs like werk ’work’), but also smaller units of
grammatical meaning, like suffixes. Suffixes are strings of sounds (or letters) that attach to the
end of existing words to add grammatical information. For example, the plural -en suffix or the
past tense -te suffix, if added to hond and werk, add the meanings ’more than one’ and ’action
that took place in the past’ respectively. Such units, also called morphemes, carry their own
meaning, and can therefore also be considered basic units of meaning within language. The
goal of this research is to know how the cognitive system of humans handles the processing of
these basic units of meaning. Specifically, whether it does so by direct storage of suffixed words
or through the separate storage of the constituent elements that form words.
The part of human memory used for the storage of linguistic units of meaning (morphemes,
words, and perhaps other constructs) will be referred to as the mental lexicon. The study of
the elements that are stored in the mental lexicon is relevant for the study of the mechanisms
that process such information. Theories that propose that constituent elements of language are
stored and processed separately (known as decompositional theories) claim morphemes are part
of the lexicon as self-standing words are. Moreover, how words and morphemes are combined
follows certain rules or principles of combination (known traditionally as grammatical rules).
These rules must necessarily interact with the stored elements of the lexicon, so as to produce
the appropriate combinations of elements in the case of production, or process the correct
relation between the elements in the case of comprehension.
From the point of view of processing, for example, the sounds [@n] (-en) at the end of a
Dutch word can activate the meanings of plurality (boeken ’books’), infinitive (lopen ’to walk’), or
instead be part of a monomorphemic word (wapen ’weapon’). Because a given combination of
sounds can have different (grammatical) meanings, the successful recognition of a sound string
like [@n] relies on a cognitive system that can [use linguistic knowledge to] recognize words in
the acoustic stream, correctly recognize morphologically complex ones, and decompose them
into their constituent elements in the lexicon.
One of the distinctions made by linguists regarding the basic units of meaning is that
between self-standing and bound morphemes (Don, 2014). The former would be those that can
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occur independently or that have semantic meaning. Concrete words like wall or chair have
obvious, concrete referents in the world to which they can be attached to, but also more abstract
words like peace or idea make reference to socially-agreed meanings that can be interpreted
without the need of other units of meaning. Bound morphemes, on the other hand, while also
carrying information attached to their acoustic forms, need to be combined with self-standing
morphemes to be able to create fully interpretable signs. This poses a challenge for any mechanism of sound interpretation, since it must be able to distinguish when a string of sounds, like
[s] or [id], is part of a self-standing morpheme, such as the final [s] in the word crisis or the [id]
in the word lid, and when sounds, like the same above, constitute morphemes that are being
combined with other constituents to create words such as books or bended.
The claim has been made that no such combinatorial mechanism exists. For example, the
amorphous model put forth by Baayen, Milin, Ðurd̄ević, Hendrix, and Marelli (2011)1 claims,
in broad terms, that the morphological level is merely a descriptive tool in the hand of linguists
rather than an actual level of linguistic representation in the brain. Such theories claim morphology is an observed regularity linguists see in words, but has no existence at the cognitive
level. According to this view, linguistic cognition need not have a system of morphological
storage and combination. Instead, sound-meaning representations are all that is necessary for
cognition to produce and process language. Although models of language processing that do
away with the morphological level can have substantial differences in their assumptions, for the
purposes of this book we will refer to them collectively as "amorphous models", following the
terminology used in Baayen et al.
This raises the question: What are the atomic elements of language? Theories differ regarding
what counts as a language constituent. Words are an obvious candidate, as they seem to be the
smallest unit of meaning in language. But what is a word? If we define a language constituent
as a single sound-meaning unit, there are both smaller and larger constructs than a word
which could also qualify as basic language constituents. An example of a smaller constituent
than a word was given above, when we attach the Dutch plural -en suffix to a noun. In doing
so, we are adding meaning to the noun, namely, that there is more than one instance of the
referent of the noun. An example of a larger constituent is a fixed expression, such as to kick
the bucket. The meaning of that phrase is "to die". However, that meaning cannot be derived
from any of the smaller constituents that make up the expression. Since there seems to be
a single sound-meaning unit composed of the whole set of words which expresses a single,
fixed meaning, we can also assume such fixed expressions could also be part of the constituent
elements of language. This, among other phenomena (Bolinger, 1948), shows that the definition
of what constitutes the atomic elements of languages is a complex and open one. Defining
words as basic constituents of language fails to account for more nuanced representations of
linguistic meaning that play an important role in language.
The question of how morphologically complex words are processed has guided much of
psycholinguistic research in the past decades. There is ample empirical evidence of what could
be called the "null hypothesis" of word processing: the direct storage of lexical items or, in
other words, the claim that each unit of sound-meaning combination has its own cognitive
representation (McClelland & Patterson, 2002). This view is based on a model of cognition
that sees the lexicon as an interconnected series of distributed representations (McClelland &
Rogers, 2003). This connectionist view of the lexicon has been shown to accurately account for
how lexical items are stored and connected to each other through usage, sound and meaning
relations (Gonnerman, Seidenberg, & Andersen, 2007), and is the main theoretical background
of amorphous models of language storage and processing.
There are, however, theories that claim that the connectionist view of the lexicon cannot
account for the storage and processing of certain types of morphologically complex words.
These theories point to a division of the human mental lexicon into words that have a single,
1 Not

to be confused with the Amorphous model by Anderson (1992).
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indivisible representation, much in the way connectionist models would predict, and words with
composite representations which are processed via the separate activation of their constituent
elements. These theories are known as dual-mechanism models (Baayen, Dijkstra, & Schreuder,
1997; Caramazza, Laudanna, & Romani, 1988; Clahsen, Sonnenstuhl, & Blevins, 2003; Pinker
& Ullman, 2002). This group of theories assumes the existence of two distinct mechanisms for
lexical processing: direct access to a single sound-meaning representation and access through
the constituent elements that make up the word. This last mechanism must necessarily act
upon morphologically complex words, since only those are composed of smaller linguistic
constituents.
Both connectionist2 theories and theories that postulate decomposition of complex words
would agree the direct link between sound and meaning is irrefutable for monomorphemic
words. There are no meaningful elements to decompose from words like book or walk. The
controversy arises for morphologically complex words. Amorphous models such as that by
Baayen et al. (2011) or the single-mechanism connectionist model of (McClelland & Rogers,
2003) assume morphologically complex and simple words are no different when it comes to
their place in the mental lexicon. This view constitutes a challenge for theories that assume
decompositional mechanisms, because these are assumed to operate on constituent morphemes,
which include meaningful semantic units, but also bound morphemes like plural and tense
markers.
The body of evidence gathered from experiments that probe the mechanisms of word
processing has been unable to generate a consensus in the field about the role of combinatorial
mechanisms in language processing. There are methodological reasons why the evidence gathered has not been sufficient to choose one set of theories over the other. Behavioral experiments
have focused on finding differences (or a lack thereof) between words differing in morphological
complexity without taking into account the factor of time. Recent neurophysiological evidence
suggests the brain processes morphological information at very early stages, within 300 milliseconds (Hasting, Kotz, & Friederici, 2007). As a result, the question whether morphemes play
a role in language can only be explored by using a design that is temporally suited to tapping
into such early stages of processing. This is what the studies here set out to do.
The goal of the experiments presented in this book is to open up an avenue of research
that can tackle pending questions about the ontological status of the constituent elements of
language by solving some of the methodological challenges of previous research attempts.
Specifically, we aim to obtain evidence of the neural activation of morphological memory traces,
thereby exploring whether these units of meaning are indeed represented in the brain. The
ontological status of a morphological level of analysis is an important question which must be
satisfactorily answered if we are to develop linguistically and cognitively adequate models of
language processing and representation.

1.2

Morphological and syntactic processing

Native speakers’ intuitions about the structure of language have yielded fruitful insights into
the organizing principles of language. Linguists have made use of such insights to develop
theories about the functioning of language and, more specifically, grammar (Phillips, 2009).
Whether the theories that have been developed about the organization of language in the mind
are also able to account for the way in which language is processed during actual language
comprehension is an open empirical question. Amorphous theories postulate that the amount
of exposure to language provides the bases for the progressive learning of sound-meaning
regularities, both at the level of simple as well as morphologically complex words (Bybee, 1995;
2 Even though Amorphous and connectionist models deal with morphology at different levels and from different
perspectives, for the purpose of this introduction, both connectionist models and Amorphous models fall within the
same category.
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Seidenberg & Gonnerman, 2000; Baayen et al., 2011). This view sees morphology as an emergent
regularity between sound and meaning, which is crucially mediated by the statistics of word
co-occurrences. In other words, the statistics with which sound-meaning combinations are
encountered and co-occur with each other in language allow speakers to correctly interpret, for
example, that the sequence [@n] at the end of a word root marks plurality, finiteness or simply
forms the final sounds of the simplex word. Of importance for the discussion in this thesis is the
claim of amorphous theories that morphology is an emergent phenomenon that is derived from
the interaction of sound and meaning, and that it is therefore not an independently represented
level of linguistic knowledge, like sound and meaning are.
On the other hand, several authors have converged on the idea that bound morphemes, like
lexical units, have independent cognitive representations, and should therefore be considered as
proper objects of study (Halle & Marantz, 1993, 1994; Aronoff, 1994) when trying to understand
how humans store and process language. Through observation and study of language structure
it has been argued that, next to the obvious relation between specific sound sequences and the
activation of specific meanings, a listener can also derive information regarding the relation
between the meanings being activated, which is the domain of morphological knowledge. The
examples discussed earlier on page 2 showed that a single string like [@n] in Dutch can instantiate different types of morphological information, including none whatsoever (it can simply
be the end of a simplex word). This means that not only storage of morphemes as discrete
units, but also knowledge of the rules that determine their combinations, is necessary for
listeners to correctly interpret the meaning (or lack thereof) of the sound sequence [@n]. Theories
of morphological processing should, therefore, explain how the mechanisms responsible for
language processing detect and activate the constituent elements within words that have more
than one morpheme.
The combination of constituent elements that is described in the domain of morphology
can also be of a different nature, namely syntactic. The adjective klein ’small’ and the common
gender noun boom ’tree’ can, upon processing of their acoustic constituents, activate their corresponding meanings. If a brain with knowledge of Dutch grammar hears both words uttered
close together in time, then additional meaning could be derived from the same input. For
example, it could be that the tree has the property of being small. However, such interpretation
requires more information than the individual meaning of the sounds being processed. If a final
[@] sound is added to the end of the adjective klein, a brain with knowledge of Dutch grammar
can correctly infer the adjective and the noun form a phrase (kleine boom), because the final [@]
sound marks an agreement relation via the gender of the noun. Common gender nouns like
boom require adjectives to be marked with a final [@] sound (-e in writing) to indicate they are
both in agreement, and they form a larger constituent. By correctly interpreting the final [@]
sound in the adjective as a marker of agreement with the common gender noun next to it, a
Dutch listener can infer that the adjective is an attribute of the noun. Deriving such knowledge
from the acoustic input is what we refer to as morphosyntactic processing.
Just as with morphology, there is also a debate regarding the mechanisms responsible for
processing language at the sentence level. The example above suggests that listeners need to
know the rules that guide the combination of words into larger units of meaning. However,
the nature of this knowledge is a matter of controversy. While connectionist theories claim
that general cognitive mechanisms form the basic machinery that allows humans to keep track
of language regularities and co-occurrences (For a review of connectionist psycholinguistic
evidence, see Christiansen & Chater, 2001), other theories claim specific knowledge (called
linguistic knowledge in theories of language (Chomsky, 2014)) is needed to correctly process
syntactic relations between words (Stockall & Marantz, 2006).
Another debate about the processing of syntactic information is its similarity with morphological processing. After all, units of meaning are being combined with each other, and the ways
in which they are combined create specific meanings. This observation has led authors from
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different traditions (Halle & Marantz, 1993; Goldberg, 2006; Booij, 2010) to view morphology
and syntax as manifestations of the same mechanism. Next to studying how morphologically
simple and complex words are processed, we also aim at eliciting the same brain response
indicative of decomposition both at the word (morphology) as well as at the phrase and sentence
level (syntax). In doing so, we hope to examine whether the evidence points to the existence of
common mechanisms between morphology and syntax.

1.3

Measurements and timing of morphological processing

A commonly used task in experiments testing lexical and morphological processing has been
the lexical decision task, which measures accuracy and reaction times to pseudowords or
different types of words. Researchers have attempted to understand morphological processing
by showing how experimental manipulations of frequency counts (high versus low) and
morphological complexity result in variations of accuracy and response times. For example,
if a morphologically complex word is shown to elicit response times that correlate with the
frequency of its whole form (its base and suffix), researchers could conclude the word is
represented as one indivisible word. If, however, the response times of the word were shown to
correlate with the frequency of the the base of the word, then researchers could conclude the
word was represented through its constituent elements.
A common addition to the lexical decision task is known as masked priming. Masked
priming studies tap into early processing stages by assessing how the automatic, unconscious
processing of a word (the prime) influences conscious recognition of another word (the target).
By manipulating the relation between prime and target at, for example, the semantic or acoustic
level, masked priming designs allow to draw conclusions about the earliest stages of semantic
or acoustic processing. Likewise, by priming a target word with a morphologically related word,
masked priming has been used to study the automatic, unconscious processing of morphological
information. Chapter 2 discusses this task with more detail. For now, it suffices to say that the
main difference between studies of morphological processing in Dutch and in other languages
was the use of a variation of the lexical decision task called masked priming. We argue that
the absence of this experimental manipulation in Dutch experiments might have prevented
evidence for decomposition from being found.
Taft (2004) pointed out that if morphological decomposition occurs early in the time course
of word processing, measurements that tap the conscious (and therefore later) aspects of word
processing might be temporally unfit to tap into the phenomenon they were made to study.
Neurophysiological evidence suggests word processing, and morphosyntactic processing in
particular, occur very early and in an automatic way when processing a linguistic input (Hasting
& Kotz, 2008). If automatic, pre-attentive (unconscious) mechanisms are not being tapped by
the methods being used, we cannot be certain that such experimental results can be used to
learn more about the processing mechanisms under study.
To solve this methodological challenge, we have designed a series of experiments based
on a neurophysiological response called the Mismatch Negativity (MMN) (Näätänen, 2001).
The specific assumptions and uses of this response are covered in chapter 2. We will argue this
paradigm is well suited to study morphological processing, because it can tap into the activation
process of a lexical representation as it unfolds over time, thus solving the issues about temporal
resolution mentioned in the above paragraph. By comparing the degree of consolidation of
memory traces corresponding to monomorphemic and morphologically complex words, we will
be able to test specific predictions made by models that claim direct storage of morphologically
complex words and models that claim these words are decomposed into their constituent
morphemes.
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Motivations

The experiments described in this thesis are an attempt to address what we consider to be a
pending question in the study of Dutch morphological processing. Namely, whether Dutch
speakers store complex words as single units (surface-form storage) only, or whether they also
make use of decompositional mechanisms to process some morphologically complex words.
Evidence of the decomposition of morphologically complex words (either all types of complex
words or a subset) has been reported in many languages (Clahsen, 2006; Amenta & Crepaldi,
2012), including languages similar to Dutch (English (Münte, Say, Clahsen, Schiltz, & Kutas,
1999) and German (Sonnenstuhl, Eisenbeiss, & Clahsen, 1999)), but not in Dutch. Early studies
in Dutch showed mixed results of storage and decomposition (Baayen et al., 1997) but some
of the same authors argued in later studies that there was no evidence of morphology-based
decomposition in the processing of the Dutch language (Keuleers et al., 2007). The authors of
these studies speculated that Dutch possessed special features that prevented decompositional
mechanisms from playing a role in Dutch language processing. These speculations, however,
were not empirically tested, but were instead offered as possible explanations for the obtained
results.
We use an experimental paradigm based on a reliable neurophysiological response (the
MMN) with the aim of contributing new insights into Dutch morphosyntactic processing by
tapping into early stages of processing that had so far remained untapped in previous research
efforts. This allows us to broaden the type of evidence that has so far been gathered for Dutch
morphological processing. Since Dutch seems to behave differently from similar languages in
unmasked lexical decision task experiments (Keuleers et al., 2007), it stands as a good candidate
to test whether evidence of morphological processing based on the MMN response, which has
been elicited in other languages, can be elicited in Dutch as well.
Besides the main research question involving the representation and processing of morphologically complex words in Dutch, the experiments in this book are also an attempt to
tackle important questions in the field of language processing. One such question concerns the
role of frequency. Specifically, how well frequency counts for individual words can predict the
processing of said words. Frequency effects have historically been used to draw conclusions
regarding how words are stored and processed (Baayen et al., 2011), and the use of the MMN
response to investigate early word processing is also based on assumptions regarding how
strongly certain linguistic items are represented, which is also assumed to be the source of
frequency effects. Experiment 1 (chapter 3) was used to investigate the role of frequency on
early lexical processing.
Secondly, if combinatorial mechanisms are used for complex words, what relation do they
have with the syntactic mechanisms that identify the constituent elements of larger linguistic
constructions at the sentence level? Authors at opposite ends of the debate have hypothesized
that the same mechanism can be responsible for combinations at the word-internal and wordexternal level (Baayen et al., 2011; Halle & Marantz, 1993). Throughout our experiments we
will test whether the syntactic MMN can be elicited from inflections, derivations and words
in a syntactic agreement context. Although MMN responses obtained across these types of
complexity have not been not compared experimentally, the properties of the MMN responses
elicited by these different types of linguistics complexity can be compared across experiments
in terms of neural distribution, timing and observed differences with control stimuli. The
behaviour of the MMN response across morphological and syntactic complexity can help us
understand the relation between the cognitive mechanisms responsible for morphological and
syntactic processing.
Thirdly, if there are two mechanisms involved in morphological processing, as predicted
by dual-mechanism accounts of complex word processing (Baayen et al., 1997; Caramazza
et al., 1988; Pinker, 1999; Clahsen et al., 2003; Bakker, MacGregor, Pulvermüller, & Shtyrov,
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2013) the question that remains is what instance of morphological complexity triggers the use
of the decompositional mechanism. That is, whether there are features that cause a certain
class of complex words (like regular inflections or low-frequency words, for example) to be
stored through their constituent elements and processed through decomposition. This is a
question that has not received much attention in the literature. A concensus seems to be that
derivation and inflection are qualitatively different types of morpological complexity. Research
suggests the difference between inflected and derived morphology is correlated to the use of
different mechanisms (Leminen, Leminen, Kujala, & Shtyrov, 2013; Bozic & Marslen-Wilson,
2010), although there is empirical evidence that shows derivational morphology can also be
processed through decomposition (Fruchter & Marantz, 2015).
Finally, while all models of language processing assume there must be mechanisms that
are sensitive to the co-occurrences of lexical items (as expressed in syntax and morphology),
there is no agreement as to whether these mechanisms rely on grammatical knowledge (rules of
grammar) or on cognitive-general mechanisms used in language and other domains. These two
hypotheses reflect a deep-seated difference between cognitive models of language processing:
The connectionist versus the symbolic view. The former is associated with cognition-general
mechanisms while the latter tends to favour a view of cognition as symbol processing, where
symbols need to be processed according to rules. This view is usually associated with theories
that assume some form of representational level of grammar.

1.5

Overview of the thesis

We have designed three experiments meant to elicit MMN responses from native Dutch speakers
to the processing of monomorphemic words, as well as morphological and syntactic information,
in their native language. As stated previously, we expect such an early and automatic response
should be able to tap into the cognitive mechanisms that are used during the earliest stages of
language processing, when the representations of words are accessed and when the constituents
of complex words seem to be automatically (de)composed.
Chapter 2 offers an overview of the study of monomorphemic and morphologically complex
word processing, with an emphasis on Dutch. We discuss the psychometric tools used by
psycholinguists to study this phenomenon, and assess the results obtained from Dutch speakers
in detail. After pointing out some of the reasons why we believe further research is needed, we
present the MMN paradigm, explain its history and use in language research, to finally propose
a set of experiments aimed at testing morphosyntactic processing in Dutch.
Chapters 3, 4 and 5 correspond to experiments 1, 2 and 3 respectively. Experiment 1
investigates the processing of plural Dutch nouns, while also probing the frequency effect both
in singular and plural words. Experiment 2 tests the processing of past tense suffixes, as well as
a derivational suffix that has the same surface form as one of the past tense suffixes. Finally,
experiment 3 probes the syntactic processing of words in the context of gender and number
agreement. This experiment also aims at probing the source of the syntactic MMN response.
Chapter 6 closes with a general conclusion and discussion in which the results of our
experiments are examined in the light of previous results in Dutch morphological processing,
as well as in the light of previous results and assumptions of the neurophysiological responses
to language processing, and the MMN response in particular.
The first two experiments (chapters 3 and 4) test two types of words: monomorphemic nouns
and verbs and morphologically complex words (plural, past tense and a derived noun). We
used the MMN paradigm to test monomorphemic words so as to establish a baseline response
for stored sound-meaning representations. As stated previously, all theories, be they amorphous
or assuming a morphological level of representation, agree that monomorphemic words are
stored in their surface acoustic forms. The MMN responses for monomorphemic nouns and
verbs in our experiments were systematically different than the MMN responses elicited by
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acoustically similar meaningless sound strings (e.g. pseudowords), a result that is necessary if
we are to use the MMN response to probe lexical processing.
Having established the difference between meaningless sound strings and lexical, stored
ones, we then proceed to compare the MMN for morphologically complex words to the MMN
for acoustically similar meaningless sounds strings, and inspect whether complex words differ
from their control sound sequences in the same way as monomorphemic words do. While
amorphous theories predict no difference between complex and simple words regarding the
activation of their lexical representations, theories that assume decomposition of complex words
predict a different, smaller MMN response for morphologically complex words. This is what
we inspect in experiment 1 for nouns inflected with the plural [@n] suffix, and for past tense
verbs and a derived noun with the [t@] suffix. The addition of a derived noun in experiment 2
also allows us to test a common assumption in some dual-mechanism models: that derivational
morphology does not engage decompositional processing as inflectional morphology does.
Morphology and syntax can be said to operate at different levels of language: within and
between words. At the cognitive level, however, their mechanisms might be similar. Both Halle
and Marantz (1993), who claim morphemes are represented in linguistic cognition, as well as
Baayen et al. (2011), who claim morphology and syntax are the emergent phenomena of sound
and meaning co-occurrences, believe that that which linguists refer to as morphology and
syntax might indeed be the same. Just as the MMN response is sensitive to the decompositional
operations of morphological processing, it has also been shown to be sensitive to the syntactic
context of the word that elicits the MMN response. The aim of the experiment described in
chapter 5 is to elicit the syntactic MMN from Dutch words when they are embedded in a larger
syntactic structure, just as morphemes are embedded in a larger lexical structure in the case of
morphologically complex words.
We also test the effect of frequency in experiment 1 (chapter 3). The frequency with which
words are used (as indexed by their presence in language corpora) has been an important
variable in lexical processing experiments to distinguish the predictions of theories that postulate
decomposition from theories that postulate direct lexical access. Frequency effects, however, are
not without controversy, and Taft (2004) has argued that frequency effects might affect responses
differently at earlier or later stages of processing. To know whether frequency differences
between words affect such an early response as the MMN we compare high and low frequency
words. Moreover, we test this difference both with monomorphemic and morphologically
complex words. Since decomposition of complex words should result in the separate activation
of its constituent morphemes, the frequency of the whole form should not affect the access to the
stored representation of the constituent morphemes of the word. It could therefore be expected
that the frequency variable would have different effects on the processing of monomorphemic
and morphologically complex words that are decomposed. Frequency effects have been shown
in MMN responses to simple and complex words, and we used experiment 1 to test whether
this also holds for Dutch singular and plural nouns.
The last research question dealt with in this book is addressed in the experiment in chapter 5.
By comparing the syntactic MMN elicited by strings that differ in their co-occurrence probability
in actual language use, we test whether the MMN effects that are sensitive to grammatical
structure stem from the statistics of these structures in actual language use, or whether they are
independent of such variables. The latter option would indicate the mechanisms that generate
the syntactic MMN response are bound by principles that operate independently of the statistics
of language use, such as grammatical rules.
Finally, chapter 6 closes with a discussion of the results obtained in our three experiments.
First we review the results obtained for monomorphemic words, and assess the potential use of
the MMN response to distinguish between consolidated memory traces of lexical items and
transient memory traces of meaningless sound strings in Dutch. We then discuss the results of
our morphologically complex stimuli: plural nouns, past tense verbs, a derived noun, gender
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agreement at the phrasal level and number agreement at the sentence level. We then attempt
to find possible explanations for the overall lack of statistically significant results in our tests,
while also discussing the obtained effects and their directionality. Finally, we present ideas for
future research on the automatic processing of morphosyntactic information and the use of the
MMN paradigm to further study automatic and unconscious language processing.

CHAPTER

2

Storage or decomposition in Dutch morphological processing1

2.1

Introduction

An important research topic in psycholinguistics is the processing of morphologically complex words. Morphemes are defined as the smallest unit of meaning, and they include both
free-standing morphemes (like Dutch hond ’dog’ or werk ’work’), as well as bound morphemes
(the plural -en in honden ’dogs’, the infinitive -en in werken ’to work’, or the past tense -te in
werkte ’worked’). In the example above, processing the word honden via its decomposition
into its constituent elements would yield the activation of linguistic representations for hond
and plural, thus resulting in the meaning speakers associate with the word honden. This view,
known as the decompositional hypothesis, assumes lexical representations would only exist for
individual morphemes (like hond, werk-, plural -en, past tense -te, infinitive -en, etc.), and that
the meaning of morphologically complex words would be created online, during the course
of word recognition. There is, however, no agreement as to whether morphologically complex
words are analysed in this way (via online decomposition into their constituent morphemes) or
whether they are stored in lexical memory as whole units, just as monomorphemic words are
assumed to be.
This debate touches upon an important question in linguistics: the cognitive reality of
morphemes. Assuming that all words, regardless of morphological complexity, are stored as
whole units in lexical memory, implies taking the morphological level away from theories and
models of lexical processing. It would mean, in other words, that the morpheme does not exist
in its own right, but would rather be a descriptive construct created by linguists to refer to
certain phonological-semantic correlations (e.g. the correlation between Dutch verbs ending in
sounds [d@], or [t@] and the reference to actions that occurred in the past). On the other side of
the debate are linguists who see morphemes as psycholinguistically real objects of study. This
view assumes morphology is independently represented in the cognitive system of language. In
other words, morphemes and the rules necessary to produce and interpret them are assumed
to be represented much in the same way sound and meaning are. That is, at the cognitive and
neuronal levels.
This debate has motivated a large body of research over the past decades. Experiments have
been carried out in different languages and with different methods to test the hypotheses of
1 A version of this chapter was published as "Storage or decomposition in Dutch morphological processing:
Arguments for the use of the MMN paradigm" Linguistics in Amsterdam. Vol. 11, nr 1, #2 (2018)
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surface-form storage and decomposition. However, after decades of research, there is not a
complete agreement between psycholinguists on both sides of the debate. Specifically, evidence
has been found to support both hypotheses and it does not seem that the methodologies and
experiments used in the past will easily solve the controversy (for recent and promising approaches to these questions, see e.g. (Fruchter & Marantz, 2015; Lignos & Gorman, 2012; Zhang,
Van Heuven, & Conklin, 2011)). Unsurprisingly, most theories have settled somewhere in the
middle, acknowledging the existence of both surface-form lexical storage and decompositional
mechanisms, but with vague criteria to explain why or when storage and/or decomposition act
during the course of word comprehension. In this chapter I will argue that while the evidence
for storage seems robust enough, the evidence for decomposition shows highly variable results,
which prevents ruling out or incorporating the mechanism of decomposition into models of
lexical processing. The purpose of this chapter is, first, to pin down some of the theoretical and
methodological barriers that have prevented researchers to arrive at more conclusive evidence
for the use of decompositional mechanisms, and to propose a method to overcome these barriers.
The chapter starts by critically examining three representative models of word processing.
We then cover commonly used experimental paradigms, together with the results that have been
obtained from such experiments. Theoretical and methodological limitations will be examined
in detail, in order to make sense of the apparently contradicting results in the literature. Finally,
we will present the prospects brought about by the use of a relatively new paradigm to test
this question: The mismatch negativity (MMN) response and, specifically, its syntactic version,
the syntactic mismatch negativity (sMMN). We end with some concluding remarks about the
possibility for future research under this paradigm.

2.2

Models of morphological processing

Language use involves the perception of sensory stimuli (acoustic variations over time, or visual
input), plus the interpretation of hierarchically structured information (acoustic form, grammar)
and of reference interpretation (semantics, pragmatics). In trying to understand this multifaceted
phenomenon, two camps have developed with fundamentally different assumptions of what
constitutes linguistic knowledge and how it is used during language processing.
One such view sees cognition as the result of symbol manipulation through a constrained
set of computations. Importantly for the research questions posed in this book, this view of
language relies on the assumption that there is more knowledge about the structure of language
than what can be derived solely from the input. In other words, this view assumes that the
successful processing of linguistic input relies on the knowledge of how the system of language
combines its constituent elements to create more complex meanings than those permitted by
the mere co-occurrence of words (Chomsky, 1966).
A different view assumes no prior knowledge (i.e principles specific to language) is needed
to successfully process linguistic stimuli. Theories based on this view have attempted to account
for linguistic processing by referring to cognitive mechanisms that can derive the relations
between language constituents through the monitoring of the statistics of such constituents in
the environment. In other words, processing language does not require the use of languagespecific knowledge and can be accounted for by models of general information processing
(Chandrasekaran, Goel, & Allemang, 1989).

2.2.1

Single-mechanism connectionist model

Based on the notion that cognitive processes must be instantiated not only at the level of but
exclusively by neurons or neuron-like units (Rumelhart & McClelland, 1986), single-mechanism
models were proposed where all words, regardless of morphological complexity, are represented
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as inter-connected networks of transistor, neuron-like units. These units become active (go from
off to on) if enough incoming information agrees with the features these units instantiate. The
pattern of activation that corresponds to the surface form of the past tense is achieved by the
interconnectedness of the units of the network.
Co-occurrence of sound (or letter) on the one hand, and of meaning on the other, creates
connections between nodes of the network. Rather than the specific nodes being activated,
lexical representations would be defined by the patterns of activation of simultaneous nodes
(thus its ’distributed’ property) through these sound and meaning connections. These distributed representations can, in turn, create connections with other such distributed lexical
representations provided they share features of sound and/or meaning. This is the architecture
that instantiates what is known in psycholinguistics as the mental lexicon. Rather than being
composed of represented symbols that stand for specific meanings, the lexical network is
defined by its very physical architecture.
In order to tune the model to the context-dependent representation of words, the model
includes intermediate levels of representations, where so-called wickel-features represent not
only each sound, but the immediate surrounding of each sound, including a representation
for word boundaries (#). The word kat ’cat’, for example, is represented by 3 wickel-features:
#KA, KAT, and AT#. In theory, this model only presupposes the level of acoustic form and of
content (semantic) as determining the connections between words, thereby eliminating the level
of morphological information. Morphologically related words like hond and its plural honden
would consist of different patterns of activated nodes, with connections between the two based
only on their phonological and semantic similarities (shared nodes in the network).
According to some authors like Pinker and Ullman (2002) and Clahsen (2006), singlemechanism models based purely on lexical storage have not been able to offer a satisfactory
account of the phenomenon of morphological processing. This type of single-mechanism models
have been used to replicate behavioral data of human language production and comprehension
with the goal of showing such architectures are enough to explain lexical storage and processing
(see, for example, (Christiansen, Conway, & Curtin, 2000)). Success in modelling the behaviour
of humans is interpreted as evidence that language processing proceeds as in these neural
networks, although these models are often criticized for oversimplifying the input given to the
models (Pinker & Ullman, 2002). There are, however, more fundamental reasons why a model
that does away with morphology cannot successfully account for how morphologically complex
words are processed. According to Marantz (2013) there are compelling empirical and theoretical reasons why morphemes must be a fundamental part of theories of language storage and
processing. Linguists that assume the existence of a morphological level might disagree whether
the different morphological versions of a word are constrained paradigmatically (choices within
a given inflectional paradigm) or syntagmatically (choices given by surrounding words in the
sentence) (Clahsen, 2006). However, there are also linguists (see, for example Baayen et al., 2011)
who claim there is no such level of analysis in language processing.
There are plenty of examples in language that show the grammatical function of a suffix
and its surface realization are two distinct phenomena (Marantz, 2013), and that therefore
suffixes are more than a correlation of sound and meaning. For example, what is known as the
English past tense -ed morpheme has, in reality, three different acoustic forms: [d], [t] and [id].
Each of these sounds is used for the same purpose (to mark the past tense) when attached to
certain verbs, but their use depends on the last sound of the stem to which they are added (walk
receives [t] because of the voicelessness of its final consonant, whereas add receives [id] because
of the final [d] in the stem). In other words, a suffix at the morphological level does not have a
one-to-one correlation to a specific set of sounds, which would be the case if morphology was
simply a sound-meaning correlation. Likewise, there are also cases where the same acoustic
form of a given morpheme can instantiate different meanings. For example, in Dutch the simple
present can mean a present action, as in ’Ik werk nu’ ’I work now’ or a fact about the world, as in
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’Ik werk aan de universiteit’ ’I work at the university’. These examples show that the grammatical
function of a suffix (its role at the morphological level) and its surface, acoustic realization are
two distinct phenomena (Marantz, 2013).

2.2.2

Dual-mechanism models

The position in early modern linguistics was that only morphemes were stored, and then put
together via combinatorial mechanisms based on symbolic rules (Chomsky, 1965; Chomsky
& Halle, 1968). However, the empirical evidence for the existence of a lexicon with surfaceform lexical representations led later models to favour the inclusion of a mechanism that
stores surface-form representations of words. This gave rise to what became known as dualmechanism models. In the Word & Rules model (Pinker & Prince, 1994; Pinker, 1997, 1999)
the authors argue that regular and irregular morphology are fundamentally different, and
it is this difference which triggers, on the one hand, the use of surface-form lexical storage
for irregularly inflected and monomorphemic words, and, on the other hand, of rule-based
decomposition for regularly inflected words. This model was complemented by, and is partly
based on, the procedural/declarative model by Ullman (2004, 2009), which distinguishes a
fast, automatic, unconscious mechanism that enacts routines and habits (procedural), and a
conscious, slower, volitional mechanism that handles fact-based knowledge (declarative). The
procedural/declarative distinction was made equivalent to the grammar/lexicon distinction in
Words & Rules, thus suggesting that the reason for the existence of two mechanisms (i.e. the
dual-mechanism view) is the architecture of cognition and the natural separation of processes
into these two domains.
Regular inflections are assumed to engage the decompositional mechanism because both
constituents of a regularly inflected words are linearly ordered in a way that the constituents
retain most of their original surface form. For example, a Dutch verb like kussen ’to kiss’ forms
its past tense by adding the past tense suffix -te. The high structural transparency of the inflected
form kuste would result, during processing of the acoustic input, in the decomposition of the
surface form into the constituents kus- and the past tense suffix -te. The irregular verb krijgen ’to
get’, however, forms the past tense through ablaut (kreeg ’got’), thus leaving less surface evidence
of added structural elements (like suffixes). The past tense of a verb like krijgen, then, would be
predicted by dual-mechanism models to be lexically stored in its surface form. Similarly, Clahsen
et al. (2003) proposes a distinction between regular inflections and productive derivations on
the one hand, and irregular inflection and unproductive (fossilized) derivation on the other.
These two types of morphological complexity would be handled by combinatorial mechanisms
and direct surface-form storage respectively. A series of experimental results indeed show that
these two types of complexity are processed differently across different languages. Moreover,
additional morphological factors, like the inflectional paradigm to which a specific complex
word belongs, were also shown to affect processing of said words (Clahsen, 2006). Additional
research revealed that some derived words can have lexical representations in the mental lexicon
that contain morphological features, thus giving way to decompositional processing of said
words (Clahsen & Neubauer, 2010).
Dual mechanism models, then, claim that the lexicon can be divided into words that are
stored in their surface form and words that are assembled through their constituent elements
that are stored. One unsolved issue in dual-mechanism models, however, is the relation between
the mechanisms of lexical storage and decomposition. Do they operate in parallel, or are they
mutually exclusive? In its original formulation, Pinker (1997) claims procedural processing is
truly independent of declarative lexical memory, to the point where procedural mechanisms
can proceed without accessing the contents of declarative memory. However, later formulations
claim that all morphemes, both free-standing lexical units (e.g. dog, walk, happy) as well as
bound morphemes (e.g. the -s in dogs, the -ed in walked or the -ly in happily), are all stored in
lexical memory (Pinker & Ullman, 2002). If this is the case, then regardless of whether a word
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is represented in its surface form in lexical memory, or if it is created online via rule-based
decomposition, the language mechanism will always need to access lexical memory. In other
words, there is no decomposition without access to the mental lexicon. This makes it difficult to
empirically investigate whether a word is being processed through decomposition, since even
then there will be evidence of access to stored representations.
Linguists have argued that a mechanism that stores constituent elements and combines
them (e.g. a decompositional mechanism) is needed to account for the productive capacity
of the system of human language. Experiments have shown that people can use the patterns
of inflected and derived morphology to produce (Anshen & Aronoff, 1988) and comprehend
(Anshen & Aronoff, 1981) newly learned morphologically complex words. This means that
humans have the capacity to use the patterns of morphology to produce and process words they
have never heard or uttered before. As a consequence, the number of morphologically complex
variants that can be created from the set of simple words stored in the lexicon is potentially
infinite. This poses a problem for the mechanism of surface-form representation, as storage
capacity is assumed to be finite. The mechanism of morphological decomposition, on the other
hand, relies on the storage of constituent elements only (stems and suffixes), and can therefore
account for the production and comprehension of a potentially infinite number of complex
words by using a finite set of stored elements and a mechanism to combine such constituents as
needed.
Regarding the mechanism of direct storage and access to a single representation, theories
have assumed it to be less costly than the decompositional one, since the latter requires access
to the stored representation and an additional (de)compositional process. Assuming words can,
potentially, be processed by either mechanism, dual-mechanism models (under the assumption
that the brain must optimize cognitive resources) predict words should be stored in their
surface-forms representations unless there is a good reason not to. The potentially infinite
number of morphologically complex words is a good reason to assume this type of words is
handled by the decompositional mechanism. There are, however, factors that are thought to
override the preference for complex words to be decomposed. One such factor is the frequency
of occurrence of words.
Dual-mechanism models have proposed that high-frequency words are parsed through
access to their surface forms. This is because word processing is assumed to be sensitive to the
frequency with which representations become activated. Words that are frequently encountered
(and therefore processed) are assumed to be stored in their surface-form even if they are
complex words with transparent structures. It may seem reasonable to assume frequently
encountered forms are processed faster and with less use of cognitive resources. For example,
Words & Rules assumes that processing proceeds faster when the representation of a word
in the brain resembles the word as used in the visual or written domain. However, there are
linguistic theories that see words as the end results of the merging and moving of abstract
features (phonological, semantic and of other types) into lexical units (e.g. Chomsky, 2014;
Harley & Noyer, 1999). Under such a view, the surface form of words should not determine
how they are processed, or at least not to the extent that the language parser cannot makes use
of grammatical rules to compute kreeg from its root form krijg(en).
In the same line, Albright (2002) argued that irregulars are just as regular as regular verbs.
The main difference being that the rules of regulars apply to a wider range of items, while
the rules of irregulars apply to smaller sets of words. Both sets of rules, however, are equally
"regular" in the systematicity of their transformations. For example in Dutch, krijgen is not
the only verb that undergoes such ablaut. Other verbs like kijken ’to look’, prijzen ’to praise’
and lijken ’to appear to be’ also undergo the same, systematic and highly regular phonological
modification when transforming into past tense forms (keek, prees, leek, respectively). It seems
unreasonable to assume our language processing mechanism is not sensitive to these regularities.
Consequently, the role of structural transparency, as seen in the importance given to grammatical
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regularity and surface-form frequency effects, in selecting surface-form or decomposition-based
storage and processing can be called into question.

2.2.3

The Parallel Race Model

Although there are many more models that move between full storage, full decomposition and
somewhere in the middle, the scope of this chapter is to specifically review a model based on
evidence from Dutch. In this regard, the Parallel Race Model (PRM) (Baayen et al., 1997) stands
out as one of the best known models based on Dutch evidence. This model belongs to the family
of dual-mechanism models. Although it never explicitly adopted the premise of the Word &
Rules model about the key role of regularity and structural transparency, it did empirically
test the hypothesis by comparing frequency effects across a wide range of Dutch inflectional
paradigms, like singulars and plurals (Baayen et al., 1997; Schreuder, 2003), past tense (Bertram,
Schreuder, & Baayen, 2000), perfect participle and plural past tense (Baayen, Schreuder, de Jong,
& Krott, 2002), agentive, second and third person, comparatives, and regular and irregular
past participles (Bertram et al., 2000). The original formulation of the model assumes that both
mechanisms are in principle equally likely to process a word, and that only the "fastest" one
will ultimately yield the target representation.
Despite its name, the PRM does not offer an account of word processing with mechanisms
that act in a parallel manner. The mathematical instantiation of the PRM assumes lexical storage
of surface forms is the first mechanism to act (the default one). This implies that decomposition
is not a parallel mechanism (i.e. acting at the same time), but rather a complementary one that is
used if lexical retrieval fails or takes too much time to retrieve the relevant lexical representation.
Given that lexical access is a faster mechanism and also the default one, it becomes difficult to
imagine a scenario where the decomposition mechanism could retrieve the representation faster
than direct lexical access. In fact, the authors of this model do not explicitly state the conditions
that would have to be met for decomposition to prevail over lexical access. Notice that having
lexical storage as the default mechanism is also contradictory with the notion by Ullman (2004,
2009) that procedural processes (decomposition) are executed faster and more automatically
than declarative processes (lexical access).
The PRM has the same limitations described above for dual-mechanism models: It lacks an
explicit account of how the two mechanisms relate to each other, does not offer experimental
predictions that could support the existence of decompositional mechanisms, and is based
on premises that might not hold as strongly as was once thought (e.g. the regular-irregular
distinction). In fact, the original architecture of the PRM, which included a decompositional
mechanism, was not supported by the experiments carried out in Dutch morphological processing (see next section for details). In fact, it was found that a wide array of inflections (plurals,
past tense, participles, agentives, comparatives, and other suffixed words) were all stored in
the lexicon as whole forms. The authors of the model assumed that because the suffixes they
tested had more than one grammatical function (e.g. -en does not only mark plural nouns, but
also plural verbs and infinitives), the system was more efficient storing such complex words
that carry these suffixes as independent, surface-form lexical units. This would suggest that the
mechanism of decomposition into constituent morphemes is actually not part of the linguistic
repertoire of Dutch speakers. It comes as no surprise, then, that some of the authors of this
model later proposed ’amorphous’ models of lexical processing where morphology is not
assumed to be represented at any level (Baayen et al., 2011).
The results from experiments that tested the PRM oppose not only the assumption of most
dual-mechanism models that there must be some sort of decompositional mechanism, but also
the experimental data from other languages. Evidence for decomposition, although harder to
elicit reliably, has been found in many languages (e.g. Diependaele, Sandra, & Grainger, 2005;
Feldman, Kostić, Basnight-Brown, Ðurd̄ević, & Pastizzo, 2010; Diependaele, Duñabeitia, Morris,
& Keuleers, 2011; Zhang et al., 2011; Morris & Stockall, 2012)). A lack of decomposition in
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Dutch would mean that either Dutch is a special language, or that something about the way
in which the data was obtained prevented Dutch researchers from replicating the findings of
other languages. A critical examination of the premises behind dual-mechanism models, and
the PRM in particular, suggests that these models are not offering complete enough hypotheses
to test competing theories about word and morphological processing. In what follows we
will examine the empirical evidence that led some authors to exclude decomposition from
Dutch. We will argue that, together with the theoretical gaps presented in this section, the tasks
themselves might have been unfit to obtain empirical evidence for decomposition in Dutch.
In the last section we will propose an electrophysiological paradigm that could answer the
pending question of whether there is decomposition in Dutch, or whether Dutch speakers rely
solely on stored lexical items.

2.3

Empirical Evidence

Evidence from comprehension studies that favour decomposition of regularly inflected words
has mainly been obtained through masked priming experiments (Forster, Mohan, & Hector,
2003). In these experiments (see Figure 2.1) the recognition of a word is preceded by the
subliminal presentation of a morphologically related word (e.g. kuste priming kussen). If the two
words are the manifestation of a single representation, as decomposition-based models would
predict, then processing kuste should facilitate the recognition of kussen because both would be
processed by accessing the same stem kus-. Masked priming experiments have found consistent
evidence for decomposition in inflected and, to a lesser extent, in derived words. Interestingly,
recent studies using masked priming have challenged the hypothesis of Words & Rules that
irregular words should be lexically stored. Gor and Cook (2010) showed priming for regular
and irregular verbs in Russian. Feldman et al. (2010) showed morphological facilitation was
present for regulars and irregulars in native English speakers. Additionally, it was found that
non-native speakers with morphologically rich languages were able to decompose complex
English verbs regardless of regularity. Decomposition has even been found based purely on
orthographic input (Rastle, Davis, & New, 2004), suggesting this might be a very early, automatic
and over-reaching mechanism in word processing (for a review of evidence obtained from
priming studies, see Amenta and Crepaldi (2012)).
In Dutch, most of the evidence comes from behavioural experiments on morphological
processing where the main dependent variable is response time. In such designs, frequency
counts (e.g. how frequent a word or a part of a word is found in language corpora) are
a commonly used independent variable (Davis & van Casteren, 2011). These experiments
operate under the assumption that frequency is a predictor of the speed of activation of lexical
representations, such that the higher the frequency the faster the activation of the representation.
Faster response times are assumed to reflect faster times for the activation of a particular lexical
representation.
The premise of the frequency effect as evidence of lexical storage is straightforward: If it is
assumed that complex words are (de)composed online during processing via activation of their
constituent morphemes then frequency counts based on the constituent morphemes (the stem
and/or the suffix) should predict the ease of access to the word instead of the surface frequency
of the whole word. On the other hand, if a word is stored in its surface form, it means that
the lexical representation of a word matches its acoustic form when heard. In such cases, the
frequency of that acoustic form should predict how fast the word is responded to. For example,
if the past tense of kussen, which is kuste ’kissed’ were decomposed, the surface frequency of
kuste should not determine the reaction time to the word. Instead, only the frequency of the
stem kus- should predict how fast people can recognize the word. Conversely, if kuste is stored
as a lexical entry, then the frequency of kuste, as a whole unit, should predict how fast the word
is recognized. By controlling for one type of frequency (e.g. base) and manipulating another
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Figure 2.1: The masked priming paradigm: The prime is presented for such short duration that the participant is
unaware of having seen it. Nevertheless the prime is often found to affect processing of the target word,
measured in response time and accuracy

type (e.g. surface) researchers can test whether a word is being decomposed or retrieved as a
whole from lexical memory.
There are, nonetheless, a few problems with the notion of frequency effects as evidence of
surface-form storage. Such reasoning is based on the claim that surface-frequency effects for
a given word must mean the word is not stored through its constituent elements. However,
frequency effects have been shown to be compatible not only with predictions of full-storage
theories, but also with predictions of full-decomposition theories (Taft, 2004). Moreover, Lignos
and Gorman (2012) argues that frequency effects are really correlations between a certain
frequency count and response times. As such, frequency effects do not necessarily imply
causality. In other words, both the surface-form processing and the decompositional processing
of a word can cause frequency effects. The equation below shows that the probability of
a complex word (i.e. how likely the surface form of the word is) can be explained by the
probability of the stem of the word and the probability of that stem taking that particular
inflection:
p(su f f ix |base) = p(base, su f f ix ) p(base)
In other words, how likely a complex word is to occur (which is a similar notion to how
frequent the word is) in language can be explained by the interaction of its constituent elements.
In other words, surface frequency effects for complex words could be explained as the outcome
of the interaction between the stored constituent elements of the word. In fact, early in the study
of morphological effects on word processing, Taft (1979) showed that surface frequency effects
might only be tapping the end-result of decompositional processes. Indeed, if a word like kuste
is decomposed into kus- and -te, the end result of such decomposition is still a surface-form
representation of kuste. The key difference with a model that assumes lexical retrieval is that the
surface form is created online from the (de)composition of its constituent elements, instead of
being retrieved as a whole chunk from lexical memory. Until there is evidence that shows that
the cause of the correlation found between high frequency words and faster recognition times
is the retrieval of surface forms, the alternative hypothesis implying decomposition cannot be

Storage or decomposition in Dutch morphological processing

19

discarded.
The bulk of evidence upon which the PRM was based came from lexical decision tasks
that manipulated the variable of surface frequency. Participants saw a target word and had
to decide whether the word belonged to their language or not. One of the earliest studies on
Dutch morphological processing was done by Baayen et al. (1997), replicated by Schreuder
(2003). The 1997 study found marginal evidence for decomposition of words inflected with the
plural -s suffix, as well as with the past tense -te and -de suffixes (via lack of surface frequency
effects). Surprisingly, another plural allomorph (the -en suffix) was affected by surface frequency,
suggesting words containing the plural -en suffix, but not the plural -s one, would be stored as
whole words rather than decomposed. In the replication study of 2003 however, the authors
found no evidence of decomposition for any suffixed word, including words inflected with the
plural -s and the past tense suffixes. The authors hypothesized that the frequency difference was
not big enough between low and high frequency past tense words in the 1997 study. Indeed,
choosing more extremes values in the 2003 experiments yielded significant surface frequency
effects for past tenses. Regarding the results of the plural -en words, the authors concluded that
the ambiguity of the -en suffix (it marks both infinitive and plurality in verbs), and the change
of the phonological form of the nominal stem when adding the plural -en suffix, caused plural
-en nouns to be retrieved more efficiently via direct lexical access. However, these hypotheses
were not empirically tested, but rather offered as possible explanations of the data after the
results were examined.
The experiments in Dutch morphological processing were useful in showing that words with
different degrees of morphological complexity were processed differently by native speakers.
Such findings, based on significant response-time differences between high and low frequency
items, paved the way to further investigate what it is that makes some Dutch words show
evidence of lexical storage. One possibility is methodological: The experiments by Schreuder
(2003) made use of predictor variables that were likely correlated, thus introducing multicollinearity in their study, which could have increased the likelihood of type II errors (false
positives). Also, they treated the continuous variable of frequency as a discrete one. Factorized
designs (that divide variables into discrete categories, like high and low frequency) are limited
in answering whether there is an effect of a variable or not, and, in addition, cannot say much
about the interactions between variables that lead to the observed effects (Baayen, 2004). This
is why the studies that test the PRM are constrained to yes or no research questions (such
as "is there evidence of storage or decomposition?"). But this type of research questions are
ill-suited for models that already assume the existence of both processes (like dual-mechanism
models). Instead, experiments testing these models should be asking how different variables
affect the way each mechanism behaves, rather than asking whether the mechanism is there or
not. It is no wonder, then, that the results of these experiments only allow the researchers to
speculate on possible explanations for their results, instead of testing such post-hoc hypotheses
experimentally.
There is also a need to better control for variables that might play a role in how words are
responded to. In experiments 3 and 4 of Schreuder (2003), high frequency past plural verbs were
responded to faster than low frequency past plural verbs, suggesting these are lexically stored
(otherwise they should show no surface frequency effects). However, in these experiments,
infinitive verbs were compared to plural verbs that were also inflected for past tense, and that
were, moreover, irregular. Setting aside the fact that an infinitive was being compared with a
verb inflected in both past and plural, it is surprising that the authors used irregular verbs, since
almost all dual-mechanism models would predict different effects for regular and irregular
verbs. There is a contradiction between assuming structural transparency plays a role, and
collapsing regulars and irregulars into one group. It is possible that the different responses that
were obtained were due to the words being linguistically highly dissimilar in terms of word
category and regularity of the inflection.
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2.4. On the need for a neuropsychological approach: The syntactic mismatch
negativity response

The choice of task can also have important consequences for how a phenomenon is investigated. Contrary to most psycholinguistic research exploring morphological processing, the
evidence gathered for the PRM was consistently obtained under unprimed lexical decision
tasks. In this way, Bertram et al. (2000) showed that inflected adjectives in the comparative -er
suffix (groot - groter ’big - bigger’), past tense verbs and derived nouns with the agentive -er
suffix (gebruiken - gebruiker ’use - user’) were sensitive to family size (a type of surface frequency
count), with higher family size predicting faster responses, but not to family frequency (a count
sensitive to the constituents of complex words). It remains to be seen if these results would
hold in an experimental paradigm that taps into earlier stages of word processing, like masked
priming experiments have done.
There are also more fundamental problems with the "semantic ambiguity" hypothesis
used to explain the lack of evidence for decomposition in Dutch. This hypothesis rests on
the assumption that when a given surface form of a suffix is found in more than one case of
morphological complexity, then words carrying this suffix are likely to be stored in their surface
form. Somehow, the fact that the same string of sounds fulfils more than one grammatical role
in different contexts would result in a disadvantage for the decompositional option of storage
and decomposition for words carrying such suffixes.
In Dutch, it was argued that because the -en suffix marks plurality of nouns and verbs, as
well as marking infinitive tense in verbs, words carrying this suffix were stored as surface forms.
However, this claim contradicts another premise of the PRM. Namely, that lexical retrieval of
surface forms is the first mechanism to act, and that rule-based decomposition acts only when
memory fails to provide an adequate representation. Assuming that words with ambiguous
suffixes are stored as surface-forms because decomposition takes too long, implies that decomposition occurs first, and that only when there are specific obstacles, like a polysemantic suffix,
lexical retrieval should step in. The PRM model, then, seems to lack appropriate predictions
for how their data should behave under different morphological circumstances. By focusing
exclusively on whether there are differences or not, the question of what triggers the observed
differences has been neglected, resulting in unclear empirical predictions to test.

2.4

On the need for a neuropsychological approach: The syntactic mismatch negativity response

We have reviewed some of the reasons why experiments in Dutch morphological processing
have not offered convincing evidence for the claim that all Dutch complex words have lexically
stored surface forms. There is a more fundamental reason why these types of experiments are
unlikely to solve the pending issues in the debate of storage versus decomposition: timing.
In the beginning of the previous section we outlined some of the evidence that has favoured
decomposition of complex words in other languages. Most of this evidence is based on experimental paradigms that are much more sensitive to early cognitive processes than the lexical
decision tasks used in the Dutch experiments reported here. Lexical decision tasks require cognitively demanding decisions to be made regarding the words before a response can be made:
A participant must process the words at all relevant levels (phonological, possibly grammatical,
semantic, etc) before being able to make a conscious judgement on the lexicality of the word.
Given that the studies testing the PRM did not use tasks that tap into earlier processes (like
masked priming), it should come as no surprise that no evidence for decomposition was found
since this is assumed to take place early during word processing.
An example of how a neurophysiological approach can offer different results is found when
comparing such data with behavioral results obtained from the study of the same phenomenon.
For example, Bertram et al. (2000) found no difference between inflected and derived words
when comparing the effect of family size, suggesting these two types of words are stored as

Storage or decomposition in Dutch morphological processing

21

whole-forms in lexical memory. However, other studies that are able to tap into early processes
(e.g Bozic & Marslen-Wilson, 2010; Leminen et al., 2013) do find evidence for decomposition
not only in inflected, but also in derived words. This suggests that decompositional processes
could be part of early mechanisms that cannot be probed by behavioral responses, such as those
elicited by lexical decision tasks. If this was the case, what the authors classify as evidence of
surface-form lexical storage would simply correspond to the inevitable activation of a lexical
representation at later stages of the word comprehension process, even if the process consisted
of decomposition of the constituent elements (Taft, 2004).
Indeed, many researchers have pointed out the fact that behavioural responses can only show
us how the processes are affected after processes like word processing have finished (Taft, 2004;
Van der Lely, 2005). Behavioral experiments reflect what is happening while words are being
processed, but can only assess effects on word processing at the response stage, which is after
processing has taken place (Clahsen & Neubauer, 2010; Diependaele et al., 2011). Since recent
evidence indicates that morphological comprehension occurs at the earliest stages of word
processing, i.e. only a few hundred milliseconds after the stimulus is recognized (Pulvermüller
& Shtyrov, 2006; Hasting et al., 2007; Morris & Stockall, 2012), it is likely that more time-sensitive
measurements will offer a clearer picture of how lexical access and rule-based decomposition
interact in word processing.
A type of measurement that is particularly suited to capturing such time-sensitive phenomena is the event-related potential (ERP). This is a neurophysiological response obtained by
recording electrical activity from the cortex through electrodes placed on top of a participant’s
scalp. Temporal resolution is perhaps the biggest advantage of using ERP responses. It gives
the possibility of comparing phenomena very early in the time course of the cognitive processes
they instantiate (usually within the first second after stimulus presentation). ERP responses
have been used to complement the behavioural responses obtained from linguistic tasks. For
example, ERP responses can be used in masked priming experiments that use lexical decision
tasks. Because ERP responses are time-locked to the presentation of the stimuli (usually the
target word), they can show responses to the processing of the word that are much earlier than
the motor responses of lexical decision tasks.
Importantly for psycholinguistics, different ERP components have been shown to be sensitive to different levels of linguistic analysis. The N400, for example, has been associated with
integration of unexpected (semantic) information to an ongoing parsing process. The P600, on
the other hand, has been linked to revision processes that result from parsing difficulties in the
domain of morphosyntax. Despite its sensitivity to syntactic information, the P600 component
is a response that is assumed to occur after the constituent elements that form the sentence
have been accessed (when syntactic processing between the activated representations takes
place). As such, it does not tell much about what goes on during the process of access to the
representation of words, and about how individual complex words are processed.
The general picture of the neurophysiology of language is that form and phonology produce
the earliest responses, while higher level processes like morphosyntax, semantics and pragmatics, would occur later on (see e.g. Friederici, 2002; Friederici & Kotz, 2003). However, this view
has been challenged by recent evidence that shows very early responses to morphosyntactic and
even lexical processing. For example, the early left anterior negativity (ELAN) peaks around 100
to 250 ms after encountering a word that does not fit with the phrase-structure being processed.
A slightly later component (the left Anterior Negativity, or LAN) peaks around 300 ms after
encountering an ungrammatical word (for a summary of recent findings, see Pulvermüller &
Shtyrov, 2006).
Some ERP studies on morphological processing have challenged many of the theories based
on behavioural evidence. For example, a study by Stockall and Marantz (2006) challenges the
hypothesis of Word & Rules that structural transparency is a requisite for decomposition by
showing morphological priming effects for complex words with an opaque structure. Similar
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results were obtained by Morris and Stockall (2012), who showed significant priming for both
regular and irregular past tense in an early (approximately 200 ms) response, although a
difference emerged at later behavioural measures. In general, ERP studies on morphological
processing suggest that morphological effects occur much earlier than previously thought, and
that they might be more widespread across types of words than was assumed.
There are, however, important drawbacks to the use of ERPs in pyscholinguistic research.
First, although this is also the case in behavioural experiments, responses in more classic
psycholinguistic experiments are dependent on particular tasks (e.g. a button press in a lexical
decision task), and so the brain response gets contaminated by task-specific strategies that do
not represent the mechanisms under study (Pulvermüller & Shtyrov, 2006). Another disadvantage of ERPs is known as the physical variance problem (Pulvermüller, 1999). In order to get
an ERP response, an average must be made of several individual responses. However, each
response is uniquely shaped by the word that produces it, since in linguistic experiments, like
masked priming, all target words are different. If the point at which a word is recognized is
different for every word (e.g. because of length differences), the processes that later lead to
syntactic and semantic comprehension will also occur at different times. This physical variance
problem raises doubt about how representative an ERP response is of a particular linguistic
process, given that the average ERP response includes physically distinct stimuli that elicit
different ERP responses. There is also a great deal of individual variation that is overlooked on
grand average ERPs. For example, Tanner (2015) showed that responses that are considered to
represent different stages of processing, like the N400 and the P600, could really be artifacts
of the average of one big biphasic response that varies across individuals. Likewise, Service,
Helenius, Maury, and Salmelin (2007) showed that the LAN and the N400 component share the
same left-anterior temporal lobe generator, which together with their close temporal proximity
might suggest a common underlying response.
The mismatch negativity (MMN) paradigm (Näätänen, Gaillard, & Mäntysalo, 1978) is able
to solve some of these drawbacks in ERP research. It was first used as a diagnosis tool to
check for acoustic change detection in the auditory system. In the context of a passive odd-ball
design, a repeating sound, referred to as the standard stimulus, is acoustically presented in a
consecutive manner. The presentation of the standard sound is interrupted by the occasional
appearance of a sound which deviates from the standard stimuli on a particular acoustic
feature (amplitude, frequency, pitch, etc.). The MMN component is obtained by subtracting
the averaged response to the standard stimuli from the averaged response to the deviant ones.
By using only two acoustical stimuli that differ on a concrete acoustic feature, the problem of
physical variance is solved. The MMN allows averaging the response to the same word (the
deviant stimulus), thus offering a response that is truly representative of the processing for
that particular word. The MMN component can also be obtained even if the participant is not
attending to the stimuli, which in accordance with the time-range in which the response takes
place (100 – 200 ms) classifies the process as a pre-attentional, automatic, unconscious one. This
eliminates the task contamination problem, since the MMN response can be obtained without a
mediating task (e.g. in the absence of attention).
Of importance for psycholinguistics, the MMN response was found to be more pronounced
(i.e. with a greater amplitude) when using existing linguistic stimuli as deviants (first syllables, and eventually words and even phrases) compared to deviants that are not part of the
linguistic repertoire of the participant (e.g. pseudowords or ungrammatical words) (Näätänen,
Tervaniemi, Sussman, Paavilainen, & Winkler, 2001). For example, a hypothetical MMN design
that presented Dutch native speakers with a standard stimulus ka (a pseudoword) and a deviant
one kal (also a pseudoword) would yield a smaller MMN response than a design using the
same standard ka, but using as deviant the string kat ’cat’, which corresponds to an actual
Dutch word. This language-specific response was interpreted as memory traces that became
activated when listening to a deviant stimulus that already exists in the participant’s (lexical)
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memory, compared to another deviant stimulus that is not part of the participant’s linguistic
repertoire, and thus has only a transient memory trace. The enhanced response to words of
the participant’s language, when compared to the response evoked by non-existing words, is
known as the lexical MMN (Pulvermüller & Shtyrov, 2006). Contrary to the N400, then, which
reflects integration of semantic information that has already been processed, the lexical MMN
seems to reflect the moment when the lexical entry is accessed, which in terms of language
processing models could correspond to the notion of access to stored lexical representations.
The MMN has also yielded evidence that indicates the existence of a decompositional
mechanism in morphological processing. In a study that laid the bases for the use of the MMN
to tap into morphological processing, Shtyrov and Pulvermüller (2002) showed that the inflected
verb comes produced a MMN maximal at centroparietal sites, while the non-inflected stem come
peaked in frontal sites. This result showed there are different memory traces for the stem and
the third person suffix, which is in accordance with a decompositional model that assumes
separate storage of free-standing and bound morphemes. Moreover, the latency was slower
and the amplitude smaller for the inflected comes compared to the MMN of come. This would
suggest that the retrieval of the constituents precedes the (de)composition process.
There is another modulation of the MMN which is specific to morphosyntactic processing.
It has been hypothesized that this syntactic or combinatorial MMN response could be a result
of an automatic decompositional process, triggered by the detection of complex, decomposable stimuli. Given a morphologically complex deviant stimulus, the representations of the
linguistic constituents would be activated as parts of a larger, decomposable structure. By the
time the second element is processed, the brain response is less pronounced, since the first
element predicts the appearance of the second. Shtyrov, Pulvermüller, Näätänen, and Ilmoniemi
(2003) showed that the MMN to the word come was more negative (larger amplitude) than the
MMN to the string we come. This could be explained by assuming we come was decomposed by
participants, and thus the response to ’come’ was anticipated, and thus became smaller, when
preceded by we. This is reinforced by the fact that the MMN to comes did not reliably differ
from the ungrammatical *we comes, suggesting the MMN was not enhanced by ungrammatical
strings, but rather reduced by the grammatical string. This syntactic MMN (sMMN) presents
the opposite pattern of the lexical MMN. In the latter, the response to existing words shown as
deviants are larger than the response to non-existing words shown as deviants. However, for
the sMMN the smaller response is to grammatical, rather than to ungrammatical stimuli.
Hasting et al. (2007) used a design with subject-verb and phrase structure agreement to
study morphosyntactic processing in German. In one condition the stem was preceded by
either a first or third person pronoun, yielding grammatical and ungrammatical subject-verb
agreement sentences. In the other condition, the same verb stem was preceded by an indefinite
article, resulting in an ungrammatical phrase structure combination. In both conditions the
MMN for ungrammatical strings was larger than that elicited by grammatical ones, although
they differed on their topography. These results were replicated in German with stems that
were ambiguous to their word class, thus controlling for acoustic confounds when comparing
phrase structure (determiner + noun) and subject-verb agreement responses (Hasting & Kotz,
2008).
As discussed earlier, the sMMN was also found for morphologically complex words (i.e.
stem plus affix), which suggests a common mechanism for the processing of morphologically
complex words and sentences. Leminen et al. (2013) compared high and low frequency inflected
and derived Finish words shown as deviants in an MMN experiment. In order to make sure
that different MMN responses were not simply due to acoustic differences between standard
and deviant stimuli, they had four other pairs containing pseudoword deviants that replicated
the acoustic change in the inflected and derived word conditions. They found that all deviants,
both inflected, derived and pseudowords, produced MMN responses, which is to be expected if
the deviant is acoustically different from the standard. Crucially, they found that "inflected"
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pseudowords had a bigger MMN than the real inflected word. By contrast, the MMN caused
by the "derived" pseudoword was smaller than that by the real derived word. A non-existing
word eliciting a larger MMN than a real word is precisely the definition of the syntactic MMN.
Conversely, a real word eliciting a bigger MMN than a non-existing word is the response known
as lexical MMN. These results, then, are evidence that the inflected Finnish verb is decomposed,
while the derived Finnish verb seems to be accessed lexically through its surface form. Interestingly, high-frequency deviants elicited a bigger MMN response than low-frequency only in the
90 – 130 ms range, but not in the later 130 – 170 ms range. This shows how important it is to look
into the time-course of early processing to disentangle early from late effects. Similar results
were obtained by Bakker et al. (2013), who found a sMMN for English past tense verbs, which
was independent of frequency counts of the stimuli. These results corroborate the hypothesis
that decomposition processes occur very early and are thus pre-lexical.
The evidence gathered from the MMN paradigm indicates that the activation of a word’s
memory trace can occur very early in word recognition, that is, before 200 ms. This means
response-based behavioural measures are temporally not suited to tap into this process. Moreover, the syntactic or combinatorial MMN response, which occurs at similar latencies, has
provided robust evidence that the processing of morphologically complex strings (either words
or phrases) is affected by their constituent elements. The MMN paradigm has also contributed
to the control of possible confounding variables, like differences between stimuli and task distraction. However, these strengths are also weaknesses of the paradigm. Its limited set of stimuli
makes it necessary to replicate the effects on different words and types of morphosyntactic
complexity. Moreover, the effects have so far been obtained in English, Finnish and German,
and so the replication of the effects in other languages is also a necessary step to confirm
the hypothesis of decomposition mechanisms in morphological processing. These weaknesses,
however, should be seen as an invitation for researchers working on morphological processing
in Dutch. Further attempts at replicating for Dutch the sMMN found for other languages, and
of extending them to the specific Dutch inflectional paradigms, are necessary to have more
complete models of morphological processing.

2.5

Discussion

We have argued that the Parallel Race Model has theoretical predictions that are inconsistent
with (the interpretation of) their empirical data. In its formal implementation, the Parallel Race
Model predicts that lexical access should be earlier than decomposition. However, the explanation of the results obtained in the experiments that tested processing of Dutch morphologically
complex words rest on the assumption that decomposition is the first mechanism to act (see the
critique to the "semantic ambiguity" hypothesis in section 2.3).
Moreover, whereas the model allows, in theory, a separation of the lexicon into the two
mechanisms, the experiments reviewed here consistently fail to find evidence of decomposition,
and instead find only evidence of lexical access. We believe it is unlikely that Dutch behaves so
differently from similar languages that have shown evidence for decomposition. Instead, we
have argued that the lack of evidence for decomposition in Dutch is likely due to what could
be an over-reliance on the surface-frequency effect as evidence of surface-form storage, as well
as methodological deficiencies relating to the timing of behavioural tasks.
Recent evidence has shown that morphological processing occurs very early and preattentionally, which poses a challenge to traditional experimental paradigms in psycholinguistics. The MMN component offers a way to compare early responses to linguistic stimuli that
can be matched for acoustic properties, and presented outside the participant’s awareness, thus
shedding light on aspects of linguistic processing that are automatic and pre-attentional. It can
also offer distinct responses for direct lexical activation (the lexical MMN) and combinatorial
processing (the syntactic MMN). This opens the possibility of investigating which aspects of
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Dutch morphosyntax are processed automatically and unconsciously, and, specifically, via
which mechanisms. A further possibility opened by the MMN design is to investigate whether
the mechanisms that decompose complex words are the same, as predicted by current linguistic
theories (Harley & Noyer, 1999; Marantz, 2013), or different from those that decompose phrases
and sentences.
In sum, using the MMN paradigm to study Dutch morphosyntactic processing offers the
opportunity to gain a better understanding of the peculiar case of Dutch morphology. The
evidence gathered from such experiments could help broaden the explanatory capacity of
current models, by showing how morphological processing occurs in what is perhaps the
earliest time window to which current experimental methods have access. Results that replicate
the findings in Finish, English and German would provide further support to a model where
decomposition plays an important role in complex word processing. However if the results of an
MMN experiment in Dutch follow the line of evidence gathered from behavioural studies, the
need would rise to explain why speakers of Dutch seem to dismiss the use of a decompositional
mechanism, regardless of word complexity.

CHAPTER

3

Constituent-based storage plural Dutch nouns: An EEG study

3.1

Introduction

Dual-mechanism models postulate two mechanisms by which words are processed: Surfaceform storage of words and storage of constituent elements of the words, which would be
assembled during processing by a decompositional mechanism. These models differ on the
arrangement of these two mechanisms (For a discussion, see Reifegerste, Meyer, & Zwitserlood,
2017). On the one hand, some words are posited to be stored in their surface form. That
is, their memory trace links their meaning to the whole string of sounds that make up the
word. On the other hand, words that are made up of more than one morpheme have been
hypothesized not to have surface-forms representations. Instead, only the memory traces of their
individual constituents would be represented in lexical memory. Crucially, because recognizing
the compositionality of a string of sounds requires some knowledge about the structure of
language, the decompositional view is associated with more grammar-oriented accounts of
language processing (Marantz, 2013), whereas the surface-form storage view is associated
with models that use general neuro-cognitive principles of organization that make no use of
language-specific representations (Christiansen & Chater, 2001).
Indeed, models of language processing that have assumed some level of decomposition
of complex lexical items stand in opposition to models that do away with a decompositional
mechanism, and therefore with the idea of a rule-based grammar operating at the neurocognitive level. These single-mechanism models (Rumelhart & McClelland, 1986; Bybee, 1995;
Baayen et al., 2011) claim that lexical memory, regardless of morphological complexity, is
represented as inter-connected networks of neuron-like units, thus doing away with the level of
morphological analysis. Dual-mechanism models (Caramazza et al., 1988; Clahsen et al., 2003;
Pinker & Ullman, 2002) based on different findings for simple and complex words, assume the
existence of two types of complementary, simultaneous lexical representations: surface-form
lexical storage and rule-based decomposition. One such model is the Parallel Race Model (PRM)
(Schreuder & Baayen, 1995; Baayen et al., 1997) introduced in the previous chapter.
The PRM assumes the existence of two mechanisms: one that accesses lexemes in their
surface-form and another that decomposes lexemes into their constituent elements. One variable
(the speed of the parsing route) would determine whether a given morphologically complex
word is stored as a surface-form or decomposed into its constituent elements. The authors of the
model do not explicitly state what the criterion is that determines which parsing route is faster
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for a given class of words. Despite the assumption that there is a mechanism that decomposes
complex words, the evidence from studies under this model indicates that morphologically
complex words in Dutch are processed via storage of surface-form lexical representations.

3.1.1

Dutch plural inflection

The plural suffix in Dutch consists of two equally regular allomorphs: -en and -s. Both are
attached to nouns as regular inflections. Regular inflections are likely candidates for decomposition in models that assume the existence of a decompositional mechanism because of their
structural transparency. Inflectional paradigms like the plural tend to rely on the same suffix to
pluralize the vast majority of words. These default suffixes are used in various cases where a
surface-form memory trace cannot be retrieved (e.g. instances of memory loss, low-frequency
words, neologisms, etc.). Words inflected with default suffixes are thus common candidates for
decomposition since the default application of a suffix to a large number of words would be
more efficient than the separate storage of all the surface forms of the complex variants of those
words.
Some authors have claimed the Dutch plural inflection does not have a default suffix, but
rather that both suffixes are defaults in their own domain (Gordon, 1985; Pinker, 1991). Evidence
suggesting that Dutch might not have a default suffix in the plural, and that therefore plural
Dutch nouns might not be decomposed, comes from Baayen et al. (2002). They report that
participants correctly inflected pseudowords that on the basis of their phonological form could
take only one of the suffixes. However, participants used both the -en and -s plural allomorphs
equally in cases where the stem does not mandate the use of a specific suffix over the other,
thus suggesting that neither suffix is the default one. The fact that neither of the allomorphs
is used as a default inflection in these cases points to the absence of a default suffix in Dutch.
Since words inflected with default suffixes are popular candidates for decomposition, a lack of
default inflection in Dutch plurals suggests that there may be no decompositional mechanism
at work in the processing of Dutch plurals.
In addition, there is no conclusive evidence for how Dutch plurals are processed, which is
the topic of this chapter. Baayen et al. (1997) compared pairs of nouns where either the singular
version was more frequent, like maan ’moon’, or where the plural version was more frequent
than the singular, like bonen ’beans’. They compared pairs with high and low frequency counts,
manipulating surface frequency while controlling for base frequency, and vice versa. Their
results showed an effect of number (singular versus plural) only for the singular-dominant
nouns, indicating that words like manen ’moons’ are accessed via the decompositional mechanism. In the same experiment, plural dominant nouns (i.e. nouns that are more frequent in their
plural than in their singular form) inflected in the plural, as well as plural verbs, were stored
lexically in their surface-form. These results suggest two mechanisms are responsible for the
processing of Dutch plurals. However, a replication of the 1997 study by Schreuder (2003) found
evidence of surface-form lexical storage for both plural allomorphs -en and, to a lesser extent, -s,
which suggests that plural Dutch nouns would only be stored in their surface forms. Schreuder
concluded that the different results observed for the plural allomorphs -s and -en in the two
studies were evidence for a dual-mechanism model where lexemes could be simultaneously
represented by surface-form and through constituent morphemes. The reasons why different
suffixes seem to be handled by different mechanisms were not, however, empirically tested,
but only offered as possible explanations of their data after the results were examined. Fast
response times for plural nouns, including nouns where the singular form is more frequent
than the plural, were taken as evidence of a simultaneous representation of plural nouns into
stem, suffix and surface-form storage. No further experiments were carried out to probe the
conditions under which one or the other mechanism would "win the race" and produce the
necessary plural representation.
The results of testing the PRM on Dutch plural nouns suggest that Dutch native speakers
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store and retrieve morphologically complex words as undecomposable lexical units, even
when such words exhibit transparent morphological structures that make them candidates for
decomposition. The results from experiments that tested the PRM are opposite not only to
most dual-mechanism models that assume decomposition for at least some subset of words,
but also when compared to experimental data from other languages. Indeed, evidence for
decomposition has been found in many languages (e.g. Diependaele et al., 2005; Feldman
et al., 2010; Diependaele et al., 2011; Zhang et al., 2011; Morris & Stockall, 2012). A lack of
decomposition in Dutch would mean that either Dutch is a special language, or that something
about the way in which the data was obtained prevented these researchers from replicating the
findings from other languages.

3.1.2

Methodological challenges

There might be more reasons why plural Dutch nouns with the -en suffix have not shown
evidence for decomposition. Most of the evidence for decomposition in other languages is based
on experimental paradigms that are more sensitive to early cognitive processes than the lexical
decision tasks used in the Dutch experiments.1 Often, responses produced at early, unconscious
stages of processing can differ from the observed behaviour of conscious participants. For
example, Clahsen and Neubauer (2010) found that native speakers showed sensitivity to surface
frequency effects when processing German nouns only with unmasked lexical decision tasks.
However, this changed when the task was embedded in a masked priming paradigm, which is
more sensitive to unconscious, early processing. Also using masked priming, Rastle et al. (2004)
showed that at early stages of word processing there is a form-based decomposition that even
precedes semantic processing. Evidence for decomposition in other languages has been found
using mostly masked priming designs (see Kazanina, Dukova-Zheleva, Geber, Kharlamov, and
Tonciulescu (2008) for Russian, Fiorentino, Naito-Billen, and Minai (2016) for Japanese, Kirkici
and Clahsen (2013) for Turkish, Coughlin, Fiorentino, and Spinelli (2015) for French, among
others). In general, there is ample evidence for decomposition using masked priming tasks (For
a review, see Rastle & Davis, 2008).
Lexical decision tasks might also be ill-suited to tap into the process of lexical retrieval. They
require cognitively demanding decisions to be made regarding the stimuli before a response can
be given. A participant must process the stimuli at all relevant levels (phonological, grammatical,
semantic, etc.) before being able to make a conscious judgment about the lexicality of the word.
Therefore, responses to lexical decision tasks show the end result of lexical processing, rather
than tapping into the process itself, at the earliest stages. Given that the studies on the Dutch
plural did not use masked priming, or other experimental designs that could tap early-stage
processing, it should come as no surprise that no evidence for decomposition was found.
Indeed, if we assume that morphological processing takes place early on in word recognition
(Pulvermüller & Shtyrov, 2006), we must also acknowledge the need for experimental paradigms
that are sensitive enough to this temporal constraint.

3.1.3

Event-related potentials and the mismatch negativity

Section 2.4 in chapter 2 introduced the MMN response and how it can shed light on the earliest
stages of access to stored language constituents. Using a standard-deviant oddball paradigm,
recent experiments have shown MMN responses to the deviant stimuli to be more pronounced
(i.e. with a greater amplitude) when using existing linguistic stimuli as deviants, compared to
1 This does not mean the researchers that carried out these experiments in Dutch were unaware of masked priming
designs. The use of unmasked lexical decision tasks in these experiments was appropriate for the type of research
questions posed at the time. Namely, effects of different frequency counts on response times. Here it is argued that
even though these designs were appropriate for those research question, they were not suited to tap into the earliest
stages of processing.
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deviants that are not part of the linguistic repertoire of the participant (Näätänen et al., 2001). It
is believed that this difference in the response reflects the strength of the memory trace activated
with the presentation of the deviant.
The larger MMN response elicited by known words (compared to unknown strings of
sounds) can be linked to the ubiquitous frequency effect in psycholinguistics, where responses
(as measured by response times, accuracy, etc.) are affected by the frequency with which people
encounter the stimuli (measured as frequency counts in certain corpora). For example, in the
experiments on the Dutch plural reviewed in section 3.1.1 of this chapter, the effect of surface
frequency on plural nouns meant that those nouns with higher frequency in a given corpus
elicited faster responses than plural nouns with low surface frequency. These frequency counts
are thought to be proxies for how often these stimuli are encountered by users of a language.
Just as we can distinguish a known from an unknown sound, we can further distinguish among
known sounds, which one is ’more known’ (i.e. more frequently encountered). Thus, the notion
of familiarity (known versus unknown) and frequency (high versus low) can be seen as one
variable expressed in different terms.
Indeed, just as the MMN is sensitive to the distinction between known words and unknown
sound strings, it is also sensitive to the distinction, within words, of high and low frequency.
The frequency effect has been found on monomorphemic words that differ on their surfacefrequency counts. High-frequency deviant words have been found to produce more negative
MMN responses than low-frequency deviant words (Alexandrov, Boricheva, Pulvermüller, &
Shtyrov, 2011; Shtyrov, Kimppa, Pulvermüller, & Kujala, 2011). In accordance with previous
research suggesting the surface-form storage of derived words, Leminen et al. (2013) showed
that high-frequency derived words produced lexical MMN responses, meaning they are likely
not decomposed, but rather stored in their surface form. They furthermore showed that highfrequency derived words yielded more negative MMN responses than low-frequency derived
ones, showing the surface-form frequency effect applies to derived words. This surface-form
frequency effect, however, does not seem to have the same effect on words that show evidence
of constituent-based storage. Inflected words, which did elicit syntactic MMN responses, were
not sensitive to the frequency effect, showing that frequency effects might be present only for
directly stored items (like monomorphemic and derived words) and not for decomposable
ones (like inflected words). These results suggest that the MMN elicited by morphologically
complex words might be tapping into early decompositional mechanisms that occur before
frequency effects can exert their influence on lexical processing. This sensitivity to frequency is
especially relevant for the study of Dutch lexical processing, as most of the evidence gathered
about Dutch lexical processing is based on differences in frequency effects for different types of
Dutch words.
The sensitivity of the MMN response to existing monomorphemic words (as opposed to
sound strings that are not stored in memory) is known as the lexical MMN (LMMN), because it
is sensitive to the lexicality of the stimulus (whether the sounds constitute a word or not). On
the other hand, MMN responses to morphologically complex words (i.e. words made of more
than one morpheme, like dogs, composed of dog and the plural suffix -s) have also shown a
specific pattern of responses, in which the MMN is smaller than the MMN produced by a sound
string that is not part of the participant’s memory (the opposite effect to the one observed in
the lexical MMN). Responses usually peak before 200 ms, where some theories (e.g. Taft, 2004)
claim decomposition takes place. This has led researchers to the idea that the MMN can be
sensitive to specific combinatorial processes that occur very early in word processing, and have
referred to this response as the syntactic MMN (sMMN).
Pulvermüller and Shtyrov (2003) used two contexts (a verb form preceded by a pronoun or
by an acoustically-matched meaningless sound) to show that the MMN response to complex
forms was sensitive to the syntactic context. Assuming no sensitivity of the MMN response
to syntactic processing, the response to the verb come in isolation should be identical to the
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syntactic string we come. However, they found that the MMN to the word come preceded by
the meaningless sound was more negative (larger amplitude) than the MMN to the string we
come. The reduced response to we come is thought to be caused by a priming effect, wherein the
string we come is decomposed into we and come. The activation of we has a priming effect on the
strength of the memory trace for the word come, resulting in a decreased response to the verb.
This result indicates that MMN responses become smaller when elicited by the memory trace
of linguistic elements that are processed within the context of a larger linguistic structure, like a
phrase. This is reinforced by the fact that the MMN to the deviant comes did not reliably differ
from the ungrammatical we *comes, suggesting the MMN was not enhanced by ungrammatical
strings, but rather reduced by the grammatically complex strings. Similar sMMN results
have been found for phrasal stimuli (Hasting et al., 2007; Pulvermüller & Assadollahi, 2007;
Hasting et al., 2007). Leminen et al. (2013) presented participants with the Finnish ja suffix as a
deviant, which was attached to either laulu (forming the plural ’songs’) or to raulu (forming
the pseudoword rauluja). They found the response to the inflected noun was smaller than
that of the pseudoword control, thus replicating the results of Pulvermüller & Shtyrov at the
word-internal level. Likewise, Bakker et al. (2013) presented participants with the deviant sound
[d], which was attached to stems that produced grammatical regular past tenses (cry – cried) or
ungrammatical past tense (fly – flied). They also were able to replicate the syntactic MMN at
the morphological level, by showing that responses to grammatical items were smaller than
acoustically matched non-existing words.
The sMMN, then, presents a valuable opportunity to empirically test the hypotheses about
surface-form storage and decomposition of morphologically complex lexical items. Instead of
relying on the presence or absence of a particular result (i.e. on the statistical significance or lack
thereof of a surface-frequency effect), the syntactic and lexical MMN have opposite empirical
predictions: While the lexical MMN shows that responses to existing words shown as deviants
are larger than the responses to non-existing words shown as deviants, the sMMN shows that
the smaller response is to grammatical, rather than to ungrammatical (non-existing) stimuli
presented as deviants.

3.2

The present study

From the above, it can be concluded that the MMN paradigm is a good candidate to replicate
the experimental findings from behavioural experiments in Dutch, since it is sensitive to the
variables used in those experiments: morphological complexity (whether a word consists of
more than one morpheme) and surface frequency.
To know if the MMN response can be used to study lexical processing in Dutch, we must first
confirm that the lexical MMN can be replicated with monomorphemic Dutch nouns. Therefore,
our first research question is whether two monomorphemic nouns will produce bigger MMN
responses than acoustically matched pseudowords. Such a response would be taken as evidence
that the amplitude of the MMN response is sensitive to the degree of consolidation of the
activated memory trace, therefore being able to distinguish the retrieval of lexical items from
the processing of meaningless sounds at the neurophysiological level.
Our second research question, related to morphological complexity, is whether the syntactic
MMN (defined here as smaller responses to inflected words compared to pseudowords) can be
elicited by Dutch plural nouns with the [@n] allomorph. The evidence from experiments that
have elicited lexical MMN responses shows that existing words have a stronger memory trace
than non-existing words. This stronger memory trace is reflected in MMN components with a
bigger amplitude, whereas the weaker memory trace of an unknown string of sounds (e.g. a
pseudoword) has been shown to produce a smaller amplitude of the MMN response. Assuming
no difference between plural and singular nouns, we should see that plural nouns, just as
singulars, should produce larger MMN responses than acoustically-matched pseudowords.
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However, if plural nouns produce smaller MMN responses than their control pseudowords, we
would be in the presence of a syntactic MMN response. Such a difference between responses
would indicate that singular and plural nouns are likely handled by different mechanisms.
Specifically, a syntactic MMN in plural nouns would indicate these are processed by decompositional mechanisms that activate the stem before the suffix, causing a reduced response to the
suffix through priming.
As explained earlier, frequency effects have played an important role in choosing between
competing theories of lexical processing. Surface frequency effects of morphologically complex
words have been taken as evidence of surface-form storage of words (Schreuder, 2003). The
rationale is that if a word is decomposed, there should be no relation between the frequency
of the surface form and whatever behavioural measure is recorded from the participant. It is
therefore relevant to test whether the mechanisms of lexical retrieval probed by the lexical and
syntactic MMN are sensitive to frequency effects. Our third research question, then, is whether
the enhancement associated with frequency effects at the behavioural level can be found at the
early stage of lexical retrieval probed by the MMN response. Specifically, whether, within the
lexical MMN responses produced by our two nouns, high-frequency nouns (either singular or
plural) will yield bigger MMN responses than acoustically matched low-frequency nouns. We
expect to either replicate the frequency effect, or fail to find evidence of it, given the early time
window in which we expect to elicit MMN responses.
To test these questions, we have used a standard-deviant odd-ball paradigm that compares
deviant nouns to acoustically matched deviant pseudowords. We expect, based on results by
Leminen et al. (2013); Bakker et al. (2013) and Alexandrov et al. (2011), among others, that
singular nouns will show an increased response in comparison to their pseudoword controls
(lexical MMN), while plural nouns will show a reduced response in comparison to their pseudoword controls (syntactic MMN). Additionally, nouns might be modulated by their (high or
low) frequency. Knowing whether this effect is present in such early stages of word processing
is important to develop temporally accurate models of word processing.
Since one of the benefits of the MMN paradigm is that it provides a strict control of acoustic
differences, we have made sure that the deviant element in our design (the string of sound
separating standards from deviants) is exactly the same in all conditions. This means that
both high and low frequency singular and plural nouns, as well as their pseudoword deviant
controls, will all have the same ending: -en. Differences in the MMN response will therefore
only be attributable to the morphological complexity, lexicality and frequency of the deviant
stimuli.

3.3
3.3.1

Methods
Participants

Fourteen native speakers of Dutch were recruited (4 males, mean age 24.6) via ads on the
internet and on university boards. All participants reported being right-handed, having normal
hearing and no history of language/speech problems. Participants gave their written consent
before the experiment, and were paid 30 euro for their participation (15 euro per session).
Ethical permission was granted by the Faculty of Humanities of the University of Amsterdam
Ethics Committee.

3.3.2

Materials

The experiment consisted of four experimental (two singular and two plural nouns) and
four control conditions (corresponding pseudoword controls). Each condition consisted of
one standard-deviant pair. In all conditions, standard and deviant stimuli differed by the
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presence of the -en ([@n]) ending in deviants. Two experimental conditions had monomorphemic
(singular) nouns as deviants, and the other two had plural nouns as deviants. For each level
of morphological complexity (singular or plural), deviant nouns could be of either high or
low frequency. Because the MMN requires strict acoustic control across conditions, we used
exactly the same [@n] sound to create singulars and plurals. When the [@n] sound (which was
the deviant stimulus in this experiment) was added to each of the standard sounds (boek, doek,
waap and baak) four real words were created: the high-frequency plural boeken ’books’, the
low-frequency plural doeken ’cloths’, the high-frequency singular noun wapen ’weapon’ and the
low-frequency singular baken ’beacon’. For each of these four experimental conditions (high and
low frequency plurals, and high and low frequency singulars) there were four control conditions
where the addition of the deviant [@n] to the standard resulted in pseudowords (i.e. sounds
that are not in the participant’s lexical memory). These pseudoword deviants mimicked as
closely as possible the acoustic form of their corresponding experimental deviant. The acoustic
control was used to minimize the difference between experimental and control deviants, since
the MMN response is highly sensitive to acoustic differences between stimuli.
Having all stimuli with the same consonants and vowels was impossible across singular and
plural conditions. However, both deviants within the monomorphemic and plural conditions
were made to be as similar as possible, so as to allow a direct comparison between them. This
allows testing for a frequency effect that is not contaminated by acoustic differences between
the words.
It is important to note that the MMN response is highly sensitive to acoustic features. The
role of our control pseudowords is to have a string of sounds with which to compare our
existing words, thereby ruling out possible contributions of the acoustic form to the MMN
responses. Because the plural deviants boeken and doeken were exactly alike except for their
initial consonant, a single pseudoword control with a different initial consonant (toeken) was
used for both plural deviants. Since two sessions were scheduled per participant (4 blocks per
session), in order to have an equal number of blocks in each session (4), two control deviants
were designed for the low-frequency monomorphemic baken (see Table 3.1 for the specific words
and pseudowords used for each condition). This choice was motivated by our pre-test results
with native Dutch speakers, which showed that the pseudoword deviant paken was not always
differentiated from the monomorphemic deviant baken. The second control, gaken had the
advantage of being reliably perceived as different from baken, but the initial [G] sound was more
salient than the initial [p] of paken, thus making this control less similar to the experimental
deviant baken.
Table 3.1: Experimental conditions of plural Dutch MMN experiment

Experimental

Control

Condition
High-frequency singular
Low-frequency singular
High-frequency plural
Low-frequency plural
High-frequency sing control
Low-frequency sing control
Low-frequency sing control(2)
High and low-frequency plural control

std-dev pair
WAAP WAPEN
BAAK BAKEN
BOEK BOEKEN
DOEK DOEKEN
VAAP VAPEN
GAAK GAKEN
PAAK PAKEN
TOEK TOEKEN

These words were chosen with a strict set of criteria in mind, including consonant-vowel
structure, length, uniqueness of word class, frequency and similarity between the deviants of
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the experimental condition. Words and their frequencies were extracted from the SUBTLEX-NL
corpus (Keuleers, Brysbaert, & New, 2010). The high-frequency monomorphemic deviant wapen
’weapon’ had a frequency of 140.50 per million, while the high-frequency plural deviant boeken
’books’ had a frequency of 66.91 per million. The low-frequency monomorphemic deviant baken
’beacon’ had a frequency of 4.34 per million, and the low-frequency plural doeken ’cloths’ was
2.56 per million.
We recorded a native female speaker of Dutch reading outloud all the standard and deviant
words multiple times. We also recorded instances of other plurals to have more recordings of
the -en suffix in different phonological contexts. The recordings were digitized at a sampling
rate of 44.1 kHz and edited using the Praat software (Boersma & Weenink, 2019). Since all
instances of vaap had a long, aspirated [p], and all instances of [p] from waap where too short,
the [p] from a recording of wapen was used. The same long vowel [:a] was used to build waap
and vaap, thus having identical fundamental frequency. The same procedure was used for baak,
paak and gaak, where the same vowel was used for all words.
An instance of [@n] was chosen and then spliced into the standard stimuli for all conditions.
The [@n] was extracted from a recording of the word broden (plural of bread). While the onset
of the burst of [d] was clear in the acoustic signal, the voicing that followed the burst was
indistinguishable from the voicing of the schwa that makes up the -en particle. The criterion to
separate the [d] from the [@n] was based on a noticeable drop in intensity after the plosion, which
coincided with a clear vowel sound. Still, it is unavoidable that some degree of co-articulation
from the final [d] remains on the signal of [@n]. This, however, should not be a problem since
all experimental words in this design end with voiceless plosives ([k] or [p]). Therefore, any
remnants of [d] in the [@n] will have no effect on the processing of the stimuli of this experiment.
All deviant stimuli were formed by attaching the same [@n] sound to all standard stimuli.
The mean and maximum intensity of all standard stimuli was made equal, as well as the
fundamental frequency of all the vowels. Likewise, the duration of all standards was made
to be as similar as possible, bearing in mind the different length of the initial consonants. All
standards had the same CVC structure. For the monomorphemic condition, the same vowel was
used for all stimuli (the long [:a] from Dutch). Therefore, the initial consonants were spliced
from other recordings and chosen on the basis of having similar intensity and duration. For
the monomorphemic condition, either a [p] or a [k] followed the long [:a] vowel. The length
between the long vowel and the final consonant of standard stimuli was kept constant at 105
ms. Figure 3.1 shows how the standard waap and vaap were constructed.
Figure 3.1: Construction of the high-frequency deviant wapen and its control vapen

The consonants [k] and [p] were considerably longer at the end of the standard stimuli baak
and gaak, paak, waap and vaap, than when preceding [@n] in baken, gaken, paken, wapen and vapen.
We therefore spliced the final [k] and [p] from recordings of the full forms ending in [@n]. These
shorter consonants were then spliced next to the long [:a] vowel to create all standard stimuli.
The initial consonants were chosen from various recordings so they would match in intensity
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and, as much as possible, in length. Then, the final consonant was spliced into the initial CV
structure, keeping a fixed duration of 105 milliseconds between the offset of the initial CV and
the final consonant.
In order to create the deviant stimuli, the same recording of [@n] was spliced into the final
consonant of each standard stimuli. Figure 3.2 shows how the deviants wapen and vapen were
built. The same procedure was applied to construct all other deviants.
Figure 3.2: We added the same recording of [@n] to standards to create experimental stimuli

3.3.3

Procedure

Participants were seated in a comfortable chair, looking at a monitor in a dimly lit, acoustically
shielded faraday cage at the ACLC lab for EEG studies of the University of Amsterdam.
Sounds were presented through Sennheiser HD419 headphones. Volume was the same for
all participants, and was chosen by testing the volume with participants in a pre-test phase.
Presentation of stimuli was carried out through software written by our lab engineer. The
software received the stimuli and sent them through one channel (and then duplicated it to be
heard on both sides of the headphone), while using another channel to send an acoustic cue
to a machine that synced the cue to either the start of the standard stimuli or the start of the
deviant stimuli (-en([@n])) with a high temporal precision. Participants were given 3 choices of
Dutch movies to watch without sound (Lek, Zwartboek and Alles is Liefde).
Crucially, each experimental condition has a corresponding block in which it is tested, with
the exception of the comparison between low-frequency singular nouns and their pseudowords,
which are tested in two blocks (gaken and paken), and plural nouns, which have one control
pseudoword (toeken) for both frequency conditions. Because each block took around 20 minutes,
two sessions were scheduled for each participant, with 4 blocks for each session. The order of
blocks was fixed for all participants, and was chosen so as to separate deviants that sounded
similar to each other (e.g. wapen and baken), thus preventing the memory trace of a deviant
from influencing the response elicited by another, similar deviant. Blocks were separated with
the condition that each experimental deviant would be presented in the same session as its
control (with the exception of the low-frequency plural, since there was only one control for
both plural deviants).
The first session consisted of the high-frequency singular condition (waap – wapen) and its
control (vaap – vapen) and the high-frequency plural condition (boek – boeken) and its control
(toek – toeken). The second session consisted of the low-frequency singular condition (baak –
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baken), both of its controls (paak – paken) and (gaak – gaken) and the low-frequency plural (doek –
doeken). Trial presentation was pseudo-randomized, with the condition that there were no more
than eight standards in a row, and a minimum of two standards between deviants. There were
748 standards stimuli per block. Deviants appeared with a probability of 17%, and totalled 120
per block. Each block started with 10 additional standard stimuli played consecutively. These
initial trials were not considered in the analysis.

3.3.4

EEG recording

The EEG was recorded with a 64-channel Biosemi Active Two system (Biosemi Instrumentation
BV, Amsterdam, The Netherlands). In addition to the 64 electrodes in the cap, reference
electrodes were placed on the mastoid and the nose (although the nose reference was not used
in the analysis). In order to track horizontal eye movements, one electrode was placed to the
left of the left eye and one to the right of the right eye. Likewise, two electrodes were placed
above and below the right eye to monitor vertical eye movements. The sampling rate was 8
kHz, which was downsampled by a factor of 16 after recording (Biosemi Decimator 86). EEG
processing and data extraction were performed in Praat (Boersma & Weenink, 2019).

3.3.5

EEG data analysis

All 64 EEG channels were referenced off-line to the mean of the mastoid electrode recordings.
An automatic artifact rejection was applied to the continuous data in Praat. 48 electrodes were
selected on which pre-processing was applied. The low and high pass filters were set to 1.0 and
25, respectively. An automatic artifact rejection threshold of 75 µV was used for each epoch,
together with a peak-to-peak eye-blink correction procedure that was applied to the left vertical
EOG channel, to mark any epochs that contained eye blinks. This was done by calculating the
voltage difference between the most positive and most negative peak in any epoch, which was
compared to a threshold of 3.5 z-scores, based on the mean voltage for a given epoch. Epochs
containing artifacts were removed, as were the first 10 standard epochs at the start of each block
and any standard epoch.
Epochs were built from 110 ms before divergence point to 580 ms after the divergence
point (totalling a 690 ms epoch). In creating the epochs, all standard stimuli that came after a
deviant were discarded from the data set, because a standard is considered as such because it is
preceded by the same stimuli. Epochs were built for each combination of electrode, participants
and standard-deviant pair. Standard waveforms were extracted per electrode by averaging the
response of a participants across all trials of a given block, with the first 110 ms averaging
zero. The same was done to extract the waveform of deviant stimuli. Mismatch negativity
responses were calculated by subtracting the standard response from the deviant one. Each
participant had to have at least fifty-five instances of deviant trials after artifact rejection so as
to secure an acceptable minimum number of data points for the statistical analysis. If a given
standard-deviant combination for a given participant had less than 55 deviants, it was removed
from the analysis. One participant did only one session, while the data of two participants was
almost entirely excluded after artifact rejection and removal of blocks with less than 55 deviant
trials.

3.3.6

Statistical analysis

Previous results of the MMN response (Näätänen et al., 1978), have shown the amplitude of
the MMN is centred around midline electrodes, and specially the frontal midline electrode Fz.
However, our data also showed propagation of the MMN to both hemispheres. We therefore
chose the midline electrodes of frontopolar (Fpz), anterio-frontal (AFz), frontal (Fz), frontocentral(FCz), central (Cz), centro-parietal (CPz) and Parietal (Pz) for analysis. Additionally, 4
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electrodes at each side of the midline (left and right) were included in the analysis (the only
exceptions were the Pz electrode, which did not include the Parietal electrodes at its sides, and
the anterio-frontal and frontopolar electrodes, where only two and one electrode per side were
added respectively due to the electrode set-up of the cap. See figure 3.3). The main dependent
variable was calculated as the average voltage of the area 20 ms around the earliest peak of the
MMN response for every electrode, participant and standard-deviant combination. We also
compared the latency of the earliest MMN peak within each condition, measured as the time
where the negative deflection reached its most negative value. We also noticed a second, late
negativity peaking around 300 milliseconds. We included both negativities in the grand average
ERP plots, but since we had no predictions for such a late negativity, we did not include it in
the statistical analysis.
Figure 3.3: 10-20 electrode layout. Coloured electrodes represent those used for the analysis

Hypothesis testing was done with linear mixed-effect models using the lmerTest package
(Kuznetsova, Brockhoff, & Christensen, 2017) in statistical programming language R (R Core
Team, 2017). We carried out separate analyses for each research question: For singular nouns, we
compared the high-frequency singular wapen to its pseudoword control vapen. On two separate
analyses, we also compared the low-frequency baken to two control pseudowords paken and
gaken. The difference between paken and gaken was that the former was not always differentiated
from baken by native speakers on pre-tests, meaning there is a possibility our participants might
have still heard the low frequency noun baken when presented with the pseudoword control
paken. On the other hand, paken was a better acoustic control than gaken, which has a more
distinct initial sound. Both pseudowords were compared independently to the low-frequency
singular baken.
As for plural nouns, since the high-frequency plural boeken differed only in the initial
consonant to the low-frequency toeken, we used a single pseudoword (toeken) to control for both.
Therefore, separate analyses were carried out comparing boeken and doeken to toeken.
Finally, we tested the frequency effect separately in singular and plural nouns. To this
end, the MMN amplitude of wapen was directly compared to that of baken, whereas the MMN
amplitude of the high-frequency plural boeken was directly compared to the MMN amplitude
of the low-frequency plural doeken.
Explicit contrasts were coded in R for all factors. For factors with two levels, the contrasts
simply compared the difference between the two levels. For Hemisphere (left, middle, right)
the first contrast compared the left to the right hemisphere electrodes. The second Hemisphere

3.3. Methods

38

contrast compared the midline to the average of the left and right responses. Region was divided
into 5 groups: Frontopolar-AnterioFrontal, Frontal, Frontocentral, Central and Centroparietal.
The centroparietal region also included electrode Pz. Region had 4 contrasts: First, the more
peripheral regions (frontopolar-Anteriorfrontal and Centroparietal plus Pz) to the regions
close to the center (frontal, frontocentral and central) were compared. The second contrast
compared the peripheral regions with each other. That is, the more anterior ones (frontopolar
and anterofrontal) to the more posterior ones (centroparietal plus Pz). The third contrast
compared the regions at the midline to each other, comparing the central and frontocentral to
the frontal region, while the fourth contrast compared the central and frontocentral regions to
each other.
Analyses that tested the presence of the lexical and syntactic MMN response started from
a model consisting of lexicality as a fixed effect (word versus pseudoword). Analyses that
tested the frequency effect started from a model consisting of frequency as a fixed effect
(high versus low). We started from these "null" models because our full models (including
all fixed effects and their interactions) showed correlation matrices where some of the fixed
effects had correlations higher than 0.5. We therefore compared the simplest model through
analysis of variance to models that included the variables of hemisphere and region. If a main
effect of either significantly improved the model, the more complex model was chosen. The
most complex model would have included lexicality, hemisphere and region, plus interactions
between all three fixed effects. Such a model, however, was never chosen as the best in our
model comparisons.
We included hemisphere and region as fixed effects for two reasons. First, because since we
are taking more electrodes into account that the midline electrodes usually analysed in MMN
experiments, we wanted to confirm that the MMN response was indeed largest at the central
and midline electrodes, as well as observing how it changes as it moves away from its most
negative point. Second, because we wanted to see how differences between hemispheres and
regions interact with the variable of lexicality (words versus pseudowords).
Random effects were kept maximal across all comparisons, and included a random intercept
by subject, with random slopes by subject for lexicality, as well as for hemisphere and region in
the event these were included as fixed effects. In cases where an interaction with hemisphere
or region was tested, an interaction was added as a random slope by subject as well. Table 3.2
shows the deviants that were compared in the lexical and syntactic MMN conditions, and table
3.3 shows the deviants that were compared to probe the frequency effect.
Table 3.2: Comparison of deviant for lexical and syntactic MMN

Lexical MMN
Syntactic MMN

Deviant Word
WAPEN
BAKEN
BOEKEN
DOEKEN

Deviant pseudoword
VAPEN
PAKEN & GAKEN
TOEKEN

Table 3.3: Comparison of high and low frequency deviants

Singulars
Plurals

High-Frequency deviant
WAPEN
BOEKEN

Low-frequency deviant
BAKEN
DOEKEN
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When a model contained a significant interaction, we carried out post-hoc tests using the
same type of linear mixed effect models but only on subsets of the data that were relevant
for the interaction. Thus, if a model contained an interaction between, for example, lexicality
and the right versus left hemisphere contrast, we extracted the data containing the difference
between words and pseudowords for the left and right hemisphere separately and ran each
model.
According to our hypotheses, we expect an effect of lexicality, in that existing singular nouns
will produce bigger MMN responses than acoustically matched pseudowords. As for plural
nouns, we expect a syntactic effect on the MMN response. That is, nouns inflected with the
plural -en suffix should show a smaller MMN than their pseudoword controls. A smaller MMN
for an existing word is the opposite effect to that obtained by singular nouns, and it would be
interpreted as evidence of a reduced memory trace (compared to the transient memory trace
of a pseudoword) which is explained by a priming effect of the stem on the processing of the
suffix. Additionally, we expect a frequency effect, in that stimuli labelled as high-frequency will
produce a bigger MMN than stimuli labelled as low-frequency.

3.4

Results

We first carried out a linear mixed-model test on each participant’s average voltage difference
between standard and deviant stimuli in the time range from 0 to 200 milliseconds after onset of
each stimulus, for each of the 44 electrode channels (random intercept per participant; channel
effects ignored). The voltage difference between each standard – deviant pair was significantly
different from zero (p < 0.001 in all eight cases except gaken, which has p = 0.0085), telling us
that each of the eight stimuli leads to an MMN in Dutch people. This is a necessary basic result,
as all conditions were expected to produce an MMN in view of the fact that the deviant element
-en should have been noticeable enough for native Dutch speakers.
Table 3.4: Average and standard deviation for MMN amplitude and latency of each experimental deviant
Deviant
WAPEN
VAPEN
BAKEN
GAKEN
PAKEN
BOEKEN
TOEKEN
DOEKEN

3.4.1

Average MMN amplitude (µV)
-4.65
-4.31
-6.31
-3.53
-4.93
-7.18
-8.64
-8.78

MMN standard deviation
1.81
1.62
2.01
2.18
3.45
3.18
3.43
2.6

Latency of negative peak (ms)
139.33
164.33
148.15
147.17
165.35
130.84
150.86
129.85

Latency standard deviation
38.13
40.93
40.6
57.54
36.37
24.46
23.25
21.83

Condition
High-frequency lexical MMN
Low-frequency lexical MMN

High & low freq. syntactic MMN

Lexical MMN on high-frequency singular noun wapen

The model with the best fit for the comparison between the MMN amplitude elicited by wapen
and vapen included lexicality, hemisphere and region, plus a lexicality-hemisphere interaction as
fixed effects. The effect of lexicality shows the noun wapen to have elicited a more negative MMN
than its pseudoword control by 0.24 µV. This overall difference, however, was not significant (t
[11.61] = 0.44, p = 0.66, with a 95% confidence interval from -0.84 to 1.33 µV).
The effect of hemisphere showed that responses were overall more negative on the midline
than on the left and right hemispheres by 0.71 µV. This difference was significant (t= 6.41 [26.88],
p < 0.001 with a 95% confidence interval from -0.93 to -0.50 µV). Importantly, the interaction
between right versus left hemisphere and the word versus pseudoword contrast also reached
significance (t[11.34] = 2.13, p = 0.056 with a confidence interval from -1.34 to -0.055 µV). The
interaction indicated a 0.69 µV difference between the right and left hemisphere, with words
being more negative than pseudowords in the right hemisphere.
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The effect of Region showed a difference between the three central regions (Frontal, FrontoCentral and Central) and the two peripheral regions (Frontopolar + Anterofrontal and
CentroParietal + Pz), with the former having MMN responses 0.64 µV more negative. This
difference was significant (t [12.11] = 4.37, p < 0.001 with a 95% confidence interval from 0.35
to 0.92 µV.). Within the extreme regions, electrodes in the frontopolar + anterofrontal regions
showed a more negative amplitude by 0.76 µV than the more posterior region (centroparietal
plus Pz). This difference was significant (t [11.16] = 2.55, p = 0.02 with a 95% confidence interval
from 0.17 to 1.34 µV). Figure 3.4 shows the regression estimates of the model comparing wapen
and vapen.

Figure 3.4: Regression estimates for the model comparing wapen and vapen. Changes in average microvolts go from
the first term to the second term of each contrast.

In order to inspect the interaction, we ran two linear mixed effects models on the difference
between wapen and vapen for the right and left hemisphere separately. The estimated difference
in the left hemisphere was 0.13 µV, and did not reach significance (t [10.66] = 0.21, p = 0.83 with
a 95% confidence interval from -1.07 to 1.34 µV). The difference between the high-frequency
singular noun wapen and the control vapen was larger at the right hemisphere, with an estimated
difference of 0.66 µV. The difference, however, was also not significant (t [10.61] = 1.23, p =
0.24 with a 95% confidence interval from -0.39 to 1.71 µV). Figure 3.5 shows the grand average
ERP waveforms for all the electrodes included in the analysis. Figure 3.6 shows the MMN
responses estimated by our linear mixed effects model for wapen and vapen separately for each
hemisphere.
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Figure 3.5: Grand average ERP waveforms for the high-frequency singular wapen and its pseudoword control vapen.
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Figure 3.6: Estimated average amplitude for wapen and its pseudoword control vapen on each hemisphere. Estimates
are based on regression coefficients of the model reported this condition. Error bars represent the standard
error for each condition.

]
The best model to account for latency of the first MMN peak between wapen and vapen
had lexicality, hemisphere, region, and a lexicality-hemisphere interaction as a fixed effect.
The model estimates that the singular noun wapen peaked earlier than the pseudoword vapen
by 27.79 milliseconds. This difference was significant (t [11.81] = 2.38, p = 0.035 with a 95%
confidence interval from 4.92 to 50.67 milliseconds). None of the coefficients for hemisphere or
region reached significance. The interaction with hemisphere was significant for the midline
versus sides hemisphere contrast (t [24.42] = 2.24, p = 0.034 with a confidence interval from
1.63 to 24.48 milliseconds), indicating the word was peaking earlier in the midline than in the
sides. We ran mixed effect linear models on the sides and midline separately to inspect the
interaction. We found that the singular noun peaked on average 35.83 milliseconds earlier than
the pseudoword in the midline. This difference was significant (t [10.91] = 2.59, p = 0.025 with
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a 95% confidence interval from 8.72 to 62.93 milliseconds). On the sides, the difference was
slightly smaller, although it followed the same tendency. The word peaked 23.47 milliseconds
earlier than the pseudoword. The difference was just significant (t [10.83] =2.01, p = 0.07 with a
95% confidence interval from 0.58 to 46.36 milliseconds).2

3.4.2

Lexical MMN on low-frequency singular noun baken

The low-frequency singular baken was compared to two pseudowords. Paken provided a more
strict acoustic control (since [p] and [b] are highly similar consonants) but not all native speakers
could hear the difference between baken and paken in our pre-tests. On the other hand, gaken was
more consistently heard as a different sound by native speakers in a pre-test, but [G] and [b] are
very different consonants. Figure 3.7 shows the grand average waveforms of the low-frequency
singular baken and its two pseudoword controls paken and gaken, while Figure 3.8 shows the
estimated negativity of baken and its two control pseudowords on each hemisphere section (left,
right and midline).

Baken and Paken

The best model was the model that includes lexicality, hemisphere, region and a significant
lexicality-hemisphere interaction as fixed effects. This model estimated that the low-frequency
baken was 1.18 µV more negative than its pseudoword control paken. This difference was at the
limit of statistical significance (t = 2.07 [13.23], p = 0.058 with a 95% confidence interval from
0.06 to 2.30 µV).

2 Although the p value is above 0.05, the confidence interval does not include zero, suggesting a significant effect.
This discrepancy stems from the use of Satterthwaite’s approximation for the nominator number of degrees of freedom
for the computation of p values, which was the default option in the LmerTest R package. During the computation
of the confidence intervals, we used Wald’s approximation (i.e. an infinite nominator number of degrees of freedom)
because at the time it was the only option that provided a valid output. The use of these two different approximations,
which could have been corrected using Satterthwaite’s approximation for the confidence interval computation, is the
cause of the discrepancy between the p-value and the confidence interval.
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Figure 3.7: Grand average waveforms for the low-frequency singular baken (right) and its control pseudowords
paken and gaken (left). The latency of the MMN peak is marked next to its value in milliseconds

Figure 3.8: Estimated average amplitude for baken and its pseudoword controls paken and gaken on each hemisphere.
Averages are based on regression coefficients from the linear mixed-effects model reported for each
condition. Error bars represent the standard error for each condition.

The effect of hemisphere was due to a small, non-significant difference between right and
left hemisphere (0.4 µV) and a significant difference between the both sides and the midline.
The model estimates the MMN responses were 1.32 µV more negative in the midline than on
the sides (t [13.32] = 2.81, p = 0.014 with a 95% confidence interval from -2.23 to -0.40 µV). None
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of the interaction coefficients between lexicality and hemisphere reached significance.
The effect of region was due to difference between central and peripheral electrodes, with
the former having more negative MMN responses by 0.71 µV. This difference was significant
(t [16.83] = 3.75, p = 0.002 with a 95% confidence interval from 0.34 to 1.09 µV). These results
confirm the existence of a lexical MMN on the low-frequency singular noun baken when
compared to the pseudoword control paken.
The best model to account for the difference in latency of the first MMN peak between
baken and paken is the model with lexicality, hemisphere, region and a lexicality-hemisphere
interaction as a fixed effects. The model estimated that the low-frequency singular noun baken
peaked earlier than paken by 16.82 milliseconds. This difference was not significant (t [12.69]
= 1.82, p = 0.09 with a 95% confidence interval from -1.34 to 34.98 milliseconds). The effect of
hemisphere was due to the MMN peaking earlier in the left than in the right hemisphere by
6.73 milliseconds. The difference was not significant (t = 1.93, p = 0.07 with a 95% confidence
interval from -13.57 to 0.11 milliseconds).
The effect of region was due to a significantly earlier peak for the central regions than the
peripheral regions by 5.44 milliseconds. The difference was significant (t [15.93] = 2.51, p = 0.02
with a 95% confidence interval from 1.19 to 9.70 milliseconds). None of the other coefficients for
region, as well as the coefficients for the interaction between lexicality and hemisphere, reached
significance.

Baken and gaken
The best model for the comparison of the MMN amplitude elicited by baken and gaken included
lexicality, hemisphere and region, plus a lexicality-hemisphere interaction as fixed effects. The
model estimated that the noun baken elicited MMN responses 2.70 µV more negative than its
control gaken. This difference was significant (t [9.64] = 3.87, p = 0.003 with a 95% confidence
interval from 1.33 to 4.06 µV).
Regarding the fixed effect of hemisphere, the model estimated the right hemisphere had
more negative MMN responses than the left hemisphere by 0.39 µV. The difference was not
significant (t [12.19] = 1.84, p = 0.09 with a 95% confidence interval from -0.03 to 0.80 µV).
Regarding the second contrast, the midline showed more negative MMN responses than the
sides by 0.71 µV. This difference was significant (t [10.68] = 2.44, p = 0.03 with a 95% confidence
interval from -1.27 to -0.14 µV). None of the coefficients of the lexicality-hemisphere interaction
reached significance.
Regarding region, the model estimated significant differences between centrals and peripherals, and between peripheral anterior and peripheral posterior. Specifically, central regions had
more negative MMN responses by 0.45 µV than peripherals. This difference was significant
(t [12.64] = 2.58, p = 0.02 with a 95% confidence interval from 0.11 to 0.79 µV). The MMN responses in peripheral anterior electrodes were 0.92 µV more negative than the MMN responses
in peripheral posterior electrodes. This difference was significant (t [12.08] = 2.26, p = 0.04 with
a 95% confidence interval from 0.12 to 1.71 µV). None of the coefficients for the hemisphere
contrasts reached significance.
The best model to account for the difference in latency of the first MMN peak between baken
and gaken is the model with lexicality, hemisphere, region and an interaction between lexicality
and hemisphere as fixed effects. The model estimated that the low-frequency singular noun
baken peaked later than gaken by 6.42 milliseconds. This difference was not significant (t [3.80] =
0.40, p = 0.71 with a 95% confidence interval from -37.85 to 25.00 milliseconds). None of the
other coefficients of the model reached significance, including the interaction with hemisphere
and lexicality.
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Syntactic MMN on high-frequency plural noun boeken

The best model for the boeken versus toeken data was the model with a main effect of lexicality,
hemisphere and region. This model showed that the response to boeken was less negative than
the response to the pseudoword toeken by 1.22 µV (see Figure 3.9). The directionality of this
difference is in accordance with a syntactic MMN response. However, the estimated difference
was not statistically significant (t [11.02] = 1.75, p = 0.1 with a 95% confidence interval from
-2.59 to 0.15 µV).
The effect of Hemisphere was due to responses being more negative at the midline than
at the sides by 1.41 µV. This difference was significant (t [14.74] = 5.41, p < 0.001 with a 95%
confidence interval from -1.92 to -0.90 µV). The effect of region was due to responses being
significantly more negative in the central regions than at peripheral ones (1.23 µV. t [18.04]
= 8.05, p < 0.001 with a 95% confidence interval from 0.93 to 1.53 µV), in peripheral anterior
than in peripheral posterior regions (0.90 µV. t [18.04] = 8.46, p < 0.001 with a 95% confidence
interval from 0.11 to 1.68 µV), and, within central region, being more negative at frontocentral
than central regions (0.54 µV. t [18.13] = 2.41, p = 0.02 with a 95% confidence interval from -0.98
to -0.10 µV).
The fact that our models estimated a smaller MMN response for the high-frequency plural
boeken compared to the pseudoword toeken is in accordance with what is described as the
syntactic MMN, whereby real complex words show smaller responses that acoustically-matched
pseudowords. The difference, however, was not significant, and therefore we cannot claim
boeken indeed elicited a smaller MMN amplitude than its control pseudoword. Figure 3.9 shows
the estimated amplitude for boeken and toeken for each region and each hemisphere within each
region.
Figure 3.9: Estimated average amplitude for boeken and its pseudoword control toeken. Averages are based on
regression coefficients of the linear mixed-effects model reported for this condition. The left, midline and
right hemispheres are represented at the left, middle and right of each bar.
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The best model to account for differences in the latency of the first MMN peak between
boeken and toeken is a model with lexicality, region and a lexicality-region interaction as fixed
effects. The model estimated that boeken peaked earlier than the pseudoword toeken by 20.07
milliseconds. The difference was significant (t [12.20] = 2.69, p = 0.02 with a 95% confidence
interval from 5.42 to 34.73 milliseconds). None of the coefficients for region were significant,
but the interaction between region and lexicality did show significant coefficients. We carried
out mixed effects linear models on subsets of the data separated per each region contrast that
reached significance: Peripheral anterior versus posterior (t [13.88] = 6.20, p < 0.001 ), central
and frontocentral versus frontal (t [33.62] = 2.75, p = 0.009) and central versus frontocentral (t
[66.72] = 2.01, p = 0.04).
The models showed that, within peripheral regions, boeken peaked significantly earlier than
toeken only on centroparietal electrodes (peripheral posterior) by 35.35 milliseconds (t [11.14]
= 4.80, p < 0.001 with a 95% confidence interval from 20.91 to 49.79 milliseconds), while the
difference in peripheral anterior regions (fontropolar and anterofrontal) was 7.90 milliseconds,
and was not significant (t [11.10] = 0.99, p = 0.35 with a 95% confidence interval from -7.81
to 23.61 milliseconds). Within the central and frontocentral electrodes, our model estimated
boeken peaked 21 milliseconds before toeken. The difference was significant (t [11.21] = 2.61, p =
0.02 with a 95% confidence interval from 5.23 to 37.03 milliseconds). In the frontal electrodes,
boeken also peaked earlier than toeken, but the difference was smaller and not significant (13.51
milliseconds. t [11.22] = 1.58, p = 0.14 with a 95% confidence interval from -3.31 to 30.32
milliseconds). Seen together with the interaction between peripheral anterior and posterior
electrodes, it seems the latency effect by which boeken peaks earlier than its pseudoword control
is stronger on posterior regions, and becomes smaller as electrodes move towards the front of
the head.

3.4.4

Syntactic MMN on low-frequency plural noun doeken

The best model to account for the differences in MMN amplitude between doeken and toeken
included lexicality, hemisphere and region, plus a lexicality-hemisphere interaction as fixed
effects.
The model estimated the low-frequency plural doeken to have almost the same average
amplitude as the pseudoword control toeken. The plural noun was slightly more negative than
its control pseudoword by 0.002 µV. This difference was very small and not significant (t [13.32]
= 0.003, p = 0.99 with a 95% confidence interval from -1.82 to 1.82 µV). In terms of hemisphere,
the model estimated that the midline had more negative responses than the sides by 1.22 µV
(t [22.20] = 5.91, p < 0.001 with a 95% confidence interval from -1.63 to -0.82 µV). Figure 3.10
shows the grand average ERP waveforms of boeken, doeken and the control toeken.
The effect of region followed the usual pattern observed. MMN responses were more
negative in central than in peripheral regions (1.36 µV, t [22.94] = 9.79, p < 0.001 with a 95%
confidence interval from 1.09 to 1.63 µV). Within peripheral regions, the MMN was more
negative in anterior than in posterior regions (1 µV, t [13.55] = 3.03, p = 0.009 with a 95%
confidence interval from 0.35 to 1.65 µV). Within central regions, responses were more negative
in frontocentral than in central ones (0.68 µV, t [41.40] = 3.55, p < 0.001 with a 95% confidence
interval from -1.05 to -0.30 µV). Although the difference between frontal and central with
frontrocentral electrodes was not significant (0.30 µV, t [27.94] = 1.72, p = 0.1 with a 95%
confidence interval from -0.65 to 0.04 µV), it did show an estimated average for frontals that
was more negative than central and frontocentral electrodes.
The interaction with hemisphere was due to the midline versus sides contrast, indicating
the low-frequency noun was less negative than its pseudoword control on the midline (t [29.06]
= 2.62, p = 0.01). Linear mixed effects models on subsets of the data containing the midline and
the sides separately were carried out to inspect the interaction. The model run with the midline
data estimated the low-frequency plural doeken was less negative than its control pseudoword
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Figure 3.10: Grand average waveforms for the high-frequency plural boeken, the low-frequency plural doeken and
the pseudoword control for both: toeken

Constituent-based storage plural Dutch nouns: An EEG study

49

by 0.62 µV. This difference, however, was not significant (t [10.73] = 0.54, p = 0.60 with a 95%
confidence interval from -2.88 to 1.63 µV). At the sides, the model estimated the a difference in
the opposite direction. The low-frequency plural doeken was estimated to have a more negative
MMN response than the pseudoword control, opposite to what was found at the midline. The
difference was smaller than the difference at the midline, and was also not significant (0.31 µV,
t [12.39] = 0.34, p = 0.74 with a 95% confidence interval from -1.50 to 2.13µV). This means the
MMN for the low-frequency plural produced different patterns of MMN response, although
both were non-significant: At the midline the difference was in the direction compatible with a
syntactic MMN. At the sides, this difference became smaller and changed directionality in the
direction of a lexical MMN (see Figure 3.11).

Figure 3.11: Estimated average amplitude for doeken and its pseudoword control toeken on each hemisphere. Averages
are based on regression coefficients from our linear mixed-effects models.

The best model to account for the difference in latency of the first MMN peak between
doeken and toeken was the model with lexicality, region and a lexicality-region interaction as
fixed effects. The model estimates that the low-frequency plural doeken peaked earlier than the
pseudoword control toeken by 23.31 milliseconds. This difference was significant (t [13.1] = 3.20,
p = 0.006 with a 95% confidence interval from 9.04 to 37.57 milliseconds). The effect of region
was due to a 10.67 millisecond significant difference between peripheral anterior and peripheral
posterior regions (t [14.38] = 3.67, p = 0.002 with a 95% confidence interval from 4.98 to 16.35
milliseconds).
The model estimated the interaction between lexicality and region was caused by a consistent
latency of the peak of the low-frequency plural doeken across all regions. The pseudoword toeken,
on the other hand, showed variation of the MMN peaks across regions. The pseudoword toeken
had later latencies than the low-frequency plural doeken, and its peaks were the earliest the
more frontal they were, having frontopolar and anterofrontal electrodes with the earliest peaks,
and moving progressively to centroparietal electrodes having the latest peaks (see Figure 3.12)
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Figure 3.12: Estimated average latency in milliseconds for doeken and its pseudoword control toeken on each region.
Averages are based on regression coefficients from our linear mixed-effects models.

3.4.5

Frequency effect on singular and plural

We tested whether acoustically matched high and low frequency nouns differed on their MMN
amplitude as a function of their surface-frequency. We found a significant difference between
the high and low frequency singulars wapen and baken and between the high and low-frequency
plurals boeken and doeken. Surprisingly, these differences go in the opposite direction than
predicted.

Frequency effect on singular nouns

The best model to account for the difference between the high-frequency singular wapen and
the low-frequency singular baken included frequency, hemisphere and region as fixed effects.
The low-frequency singular baken produced a significantly larger MMN response than the
high-frequency wapen by 1.91 µV (see Figure 3.13). This difference was significant (t [10.49] =
6.73, p < 0.001 with a 95% confidence interval from 1.35 to 2.46 µV).
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Figure 3.13: Grand average waveforms for the reversed frequency effect of the high and low frequency singulars
wapen and baken. The latency of each peak is shown above the graph.

The model estimated that, in terms of differences across hemispheres, there was a 0.68 µV
more negative MMN response in the midline than at the sides. The difference was significant (t
[12.85] = 3.47, p = 0.004 with a 95% confidence interval from -1.07 to -0.30 µV).
The effect of region was due to electrodes in more central areas having a more negative
average amplitude in their responses than peripheral regions by 0.77 µV. This difference was
significant (t [13.14] = 4.93, p < 0.001 with a 95% confidence interval from 0.46 to 1.07 µV). The
rest of the region contrasts showed the same pattern that is present in all other conditions: the
MMN is most negative for the frontal electrodes and decreases in amplitude as the electrodes
become more posterior. None of these differences, however, were statistically significant between
the high-frequency wapen and the low-frequency baken.
The best model to account for the difference in peak latency between the high-frequency
singular wapen and the low-frequency singular baken contained frequency, hemisphere, region
and an interaction between frequency and hemisphere as fixed effects. The model estimated
that the high-frequency wapen peaked earlier than baken by 14.61 milliseconds. This difference
was not significant (t [7.01] = 1.56, p = 0.16 with a 95% confidence interval from -32.99 to 3.76
milliseconds). None of the coefficients for hemisphere and region reached significance.
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Frequency effect on plural nouns

The best model to account for the difference between high and low frequency plurals included
fixed effects for frequency, hemisphere and region, plus a frequency-hemisphere interaction. The
model estimated the high-frequency boeken to be smaller in amplitude than the low-frequency
doeken by 1.37 µV (see Figure 3.14 for the grand average waveforms of each plural nouns, and
Figure 3.15 for the estimated average amplitude calculated by the statistical models). This
difference was not statistically significant (t [9.53] = 1.99, p = 0.08] with a 95% confidence
interval from 0.02 to 2.73 µV). The lower end of the confidence interval is very close to, but
does not include zero, which suggests the low-frequency doeken did indeed elicit more negative
MMN responses than the high-frequency boeken. We thus observe, as was the case with the
singular nouns, a reversed frequency effect in plural nouns.

Figure 3.14: Grand average waveforms for the reversed frequency effect of the high and low frequency plurals boeken
and doeken.The latency of each peak is shown above the MMN peak.
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Figure 3.15: Estimated average amplitude for high and low frequency plurals on each hemisphere. Averages are
based on regression coefficients from our linear mixed-effects models. Error bars represent the standard
error for each condition.

The effect of hemisphere was due to the midline showing more negative responses than
the sides, by 0.91 µV. The difference was significant (t [15.24] = 4.05, p = 0.001 with a 95%
confidence interval from -1.35 to -0.47 µV). The effect of region was due to the same pattern of
responses observed in the other conditions: the more anterior the electrodes, the more negative
the response. Peripheral anteriors were more negative than peripheral posteriors, centrals
were more negative than peripherals, and frontocentral electrodes were more negative than
central ones. All other coefficients, including the interaction with hemisphere, did not reach
significance. We can observe from the graphs in Figure 3.15 that the interaction was due to a
difference in magnitude of the effect, but the effect remained constant throughout hemispheres:
doeken was consistently more negative than the high-frequency plural boeken. Table 3.5 shows
the coefficients of each fixed effect of the model comparing the MMN amplitude of the high
and low frequency plural nouns.

3.5. Conclusion
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Table 3.5: Coefficients of the best model to describe the difference in MMN amplitude between high and low frequency
plurals

(Intercept)
Lo. vs Hi. Freq.
R. vs L. Hem.
R. & L. vs Midline
Cent. vs Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs F.C.
Lo. vs Hi. Freq.:R. vs L.
Lo. vs Hi. Freq.:R. & L. vs Midline

Estimate
-8.24
1.37
0.40
-0.91
1.11
0.87
-0.32
-0.54
0.50
-0.57

SE
0.56
0.69
0.23
0.23
0.13
0.33
0.20
0.19
0.39
0.35

df
13.20
9.58
10.12
15.20
21.71
13.23
15.36
27.31
12.22
23.98

t value
-14.58
1.98
1.72
-4.01
8.33
2.65
-1.61
-2.92
1.27
-1.63

p value
< 0.01
0.08
0.12
< 0.01
< 0.01
0.02
0.13
0.01
0.23
0.12

SE = Standard error, df = Degrees of Freedom, Lo. = Low, Hi. = High, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central, Per. = Peripheral, Ant. = Anterior,
Post. = Posterior, Front. = Frontal, F.C. = Frontocentral, Freq. = Frequency

The best model to account for the difference in peak latency between the high-frequency
plural boeken and the low-frequency plural doeken contained frequency, hemisphere and region
as fixed effects. The model estimated that the low-frequency plural doeken peaked 1.28 milliseconds earlier than its high-frequency counterpart boeken. This difference was very small
and not significant (t [13.40] = 0.41, p = 0.69 with a 95% confidence interval from -4.82 to 7.39
milliseconds). None of the hemisphere or region coefficients reached significance.

3.5

Conclusion

The results presented here only partially confirm our hypothesis that existing singular nouns
produce a reliably larger MMN response than acoustically-matched pseudowords. Only the
low-frequency singular noun baken produced an MMN response that was significantly more
negative than one of its two pseudoword controls. The fact that baken and paken were perceived
as highly similar in our pre-tests could explain why the lexical MMN failed to reach significance
for this pair. The comparison of baken with gaken on the other hand, did elicit a significant
lexical MMN, as predicted.
The high-frequency singular noun wapen showed an almost significantly more negative
response than its pseudoword control only on the right hemisphere, whereas the left hemisphere
and the midline reproduced the same tendency, but with smaller effects that were further away
from reaching significance. These results cannot confirm the assumption behind the lexical
MMN response – that sound strings with more consolidated memory traces produce more
negative MMN responses – since while both existing singular nouns produced larger responses
than their pseudoword controls, the difference was only significant for the low-frequency
singular, which should have a less consolidated memory trace than the high-frequency singular
wapen. This apparent contradiction between our results and the premise that more consolidation
results in more negative responses is also present in our frequency results.
Despite failing to obtain statistically significant results, we note that the differences between
both singular nouns and their pseudoword controls are constant. Our mixed-effects models
always estimated words to have more negative MMN amplitudes than the pseudoword controls.
This suggest that MMN responses elicited by the two nouns are sensitive to the difference in
strength of memory traces they have with acoustically matched pseudowords, although this
result cannot be generalized to the totality of Dutch monomorphemic words.
This is an important result, as it is in line with previous findings showing that the MMN
response is sensitive to the lexicality of monomorphemic words (Korpilahti, Krause, Holopainen,
& Lang, 2001; Pulvermüller et al., 2001). This result is also important for our second research
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question about the storage of morphologically complex (plural inflected) nouns. If more
consolidated lexical items do not have stronger memory traces that produce more negative
MMN responses than pseudowords, then there would be no ground for the assumption of the
syntactic MMN: that decomposition of complex words produces a priming effect that makes
the deviant element (the suffix) show smaller MMN responses when embedded in words as a
suffix than when they are part of sound string of acoustically-matched pseudowords.
Having established that singular Dutch nouns showed a trend towards producing lexical
MMN responses, we can assess our predictions regarding the syntactic MMN for Dutch plural
nouns. Our predictions based on the syntactic MMN were also only partially confirmed. Only
the high-frequency noun boeken showed a response that matched the directionality of a syntactic
MMN response, although the difference did not reach statistical significance. The evidence
gathered from the MMN response to the plural noun boeken is in accordance with the predictions
from decompositional models of lexical processing (Taft, 2004; Marantz, 2013), whereby complex
words would be processed via decomposition of their constituent elements. We cannot, however,
extend this result to the entire population of plural nouns in Dutch.
The low-frequency plural noun doeken elicited an interesting pattern of MMN responses.
The low-frequency plural elicited an MMN response that was estimated to be smaller than the
pseudoword toeken only in the midline electrodes. The directionality of the effect is in accordance
with an sMMN response. This difference was close to significance. At the sides (right and left
hemispheres) the difference between doeken and its pseudoword control was in the opposite
direction, with the plural noun eliciting a more negative MMN than the pseudoword. The
difference between both hemispheres and the midline is hard to interpret, and we believe there
is no reason to choose one of the results over the other. The MMN response has been historically
studied in the electrodes at the midline (Bishop, 2007), although research on linguistic MMN
has focused on a wider range of electrodes (e.g. Shtyrov et al., 2003; Hasting & Kotz, 2008;
Leminen et al., 2013), just like we did in this study. Furthermore, the right-hemisphere effect
present in the high-frequency singular noun confirms that a wider choice of electrodes can offer
a more nuanced account of how MMN responses elicited by different words differ from each
other.
The results from doeken could be interpreted as evidence supporting dual-mechanism
models like the Parallel Race Model (Schreuder & Baayen, 1995) or Words & Rules (Pinker,
1999), in that doeken showed evidence that is compatible with both hypotheses of surface
form storage and constituent-based decomposition. However, both dual-mechanism models
assume that, if complex words are both decomposed and stored in their surface form, it should
be high-frequency forms that are stored, whereas low-frequency forms should be the ones
being decomposed. However, our results seem to suggest the opposite is the case, at least
for the two nouns used in this study. Whereas the low-frequency plural shows conflicting
evidence of storage and decomposition, the results of the high-frequency plural are, although
still inconclusive, more in line with a decompositional account of plural noun storage.
The results of our latency comparisons showed interesting and also unexpected results.
Regarding the comparison of words to pseudowords, the models of word processing that
have been discussed here would predict words should be processed faster than pseudowords.
Assuming an earlier peak latency reflects earlier access to the stored representation, we can
conclude the memory trace of words were indeed accessed earlier than the transient memory
traces of pseudoword controls. Only the low-frequency singular noun baken failed to show this
pattern. This was unexpected, since baken was the only singular noun to elicit a significant
lexical MMN. These results challenge the hypothesis that the latency of the MMN peak reflects
ease of access to stored representations.
Regarding the effect of frequency, we were surprised to see what seems to be a "reversed
frequency effect" on both singular and plural nouns: As for singular nouns, the low-frequency
word produced a significantly more negative MMN response than the high-frequency noun.
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One possibility is that the frequency count of the word wapen ’weapon’ was overrepresented
in a corpus based on movie subtitles. While the singular noun wapen was estimated to have a
frequency of 140.50 occurrences per million and the low-frequency baken of 4.34 occurrences
per million, the Corpus Gesproken Nederlands (Oostdijk, 2000), which is arguably a better
source of frequency counts for auditory stimuli, counts wapen as having a frequency of 5200
occurrences per million and baken as having 300 occurrences per million. Thus, even a different
frequency count using better-suited corpora cannot account for the observed reversed frequency
effect between our high and low frequency singular nouns.
Plural nouns showed only a non-significant reversed frequency effect. More specifically, both
plural nouns elicited very similar MMN amplitudes at the midline electrodes, but very different
MMN amplitudes at the left and right hemisphere electrodes. The fact that frequency plays a
significant role only in singular nouns is in agreement with views that predict no frequency
effect for words that are decomposed. Leminen et al. (2013) found that there were no frequency
effects for inflected words, but only for derived ones. Since our frequency counts were based
on surface-frequency, it makes sense to assume that words that are not accessed via their
surface form would not show surface-frequency effects. Indeed, if there are no surface form
representations of boeken and doeken, MMN responses elicited by them should not be modulated
by surface-frequency counts. The lack of a significant effect of surface-frequency on plurals,
and the presence of a statistically significant frequency effect on singulars, is therefore partial
evidence that singulars and plurals are being stored and processed by different mechanisms,
and, furthermore, that the way in which plurals are stored is such that they are less sensitive to
frequency effects of their surface forms.
In any case, if we assume the MMN amplitude is a proxy for the level of consolidation
of memory traces, the reversed frequency effect observed in both singulars and, albeit not
significant, in plurals as well, is hard to explain. Taft (2004) provided experimental evidence
showing that morphologically complex words can produce a reverse frequency effect when the
base of the word is highly frequent. In such cases, Taft argues, the stage at which the constituent
morphemes are recombined (after retrieval) would take longer, thus blocking the effect of
frequency. This explanation, however, cannot account for the fact that our reverse frequency
effect was stronger for singular, monomorphemic nouns, where all theories agree there is no
decomposition.
It could be the case that this reverse frequency effect was the product of acoustic features of
the stimuli. In fact, a similar pattern was also observed in pseudowords. That is, the pseudoword
vapen, which served as a control for the high-frequency noun wapen, also produced a smaller
amplitude in the MMN than the pseudoword paken that controlled for the low-frequency noun
baken. Since pseudowords obviously cannot be sensitive to frequency effects, we think it is
plausible to assume that the "frequency differences" were (at least partly) triggered by acoustic
differences rather than differences in the strength of the neural representation of each word.
As far as our exploratory research is concerned, the effects of hemisphere and region
conformed to the known patterns in MMN research. Responses were more negative on central
(central, frontocentral and frontal) than at peripheral (frontopolar, anterofrontal, centroparietal
and Pz) sites and, within central electrodes, responses were more negative the more frontal the
region. MMN responses were also more negative on the midline than at the sides. Since we did
not have specific predictions about the localization of the response, we simply intend to state
these results, such that they may be considered by researchers studying the activation patterns
of the lexical and syntactic MMN responses obtained with EEG.
In conclusion, we have shown that our estimates of the MMN responses elicited by the two
singular nouns of this experiment can be used to differentiate existing lexical representations
from transient acoustic representations (the lexical MMN). We cannot, however, predict this
is the case for all Dutch nouns, as only one out of three possible lexical MMN’s responses
reached statistical significance. We can state, nonetheless, that the difference in MMN amplitude
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between existing monomorphemic words and pseudowords is opposite to the one observed
in our high-frequency plural noun (boeken). The evidence to state that plurals are, in general,
processed differently from singulars is, however, not conclusive, given that none of our plural
nouns elicited a statistically significant syntactic MMN. Because of our relatively low number of
participants, the mixed syntactic and lexical MMN patterns found in the low-frequency plural
doeken could be due to the low power of our statistical tests. Another possible explanation is
that the cumulative frequency of the lemma doek is large enough to cause the MMN response
to words within the same lemma family (like doeken) to be similar to high-frequency words.
Indeed, the lemma doek is very productive. The SUBTLEX corpus, used to get the frequency
counts for this experiment, lists 51 instances of the lemma doek, in examples like babydoekjes
’baby wipe’, zakdoek ’handkerchief’, opdoeken, ’to terminate’, etc. This explanation, however, is
hard to reconcile with the prediction of decompositional models, as a lemma that is often
decomposed should exert a priming effect over the constituents with which it is linked or, as
Taft (2004) suggests, they should show no frequency effect at al. Certainly, additional research
needs to be done in more Dutch plural and singular nouns.
In that sense, a possible alternative to facilitate the generalizability of MMN results to
the entire population of word classes would be to use paradigms with multiple deviants,
thus increasing the sample of lexemes tested. Additionally, testing these hypotheses in other
inflectional paradigms will provide more evidence to establish whether the lexical and syntactic
variation of the MMN can be applied across word classes, or whether they are found only in
certain word classes.
Our results also open a window to inquire about the underlying cause of the negativity
produced by deviant sounds in the MMN paradigm. It is worth noting that the classical
interpretation of the MMN response is that deviant elements produce a negativity on account of
them not being expected. In this sense, low-frequency items could be conceptualized, in terms
of expectation, as unexpected items. Given the classical interpretations of the MMN response
(where expectation is the variable that modulates the MMN response, with unexpected items
producing larger responses than expected items) it would make sense to have low-frequency
items produce more negative amplitudes of the MMN response. This notion, however, is in
conflict with the notion of frequency, as is used in psycholinguistics, where more frequent (and
therefore more expected) items produce more negative MMN amplitudes (Alexandrov et al.,
2011; Shtyrov et al., 2011). A pending question for future research on lexical and syntactic MMN
responses, then, is how do these two notions (expectedness and frequency) relate to each other
in the MMN paradigm. Hopefully, future research on lexical and syntactic MMN can address
this issue.

CHAPTER

4

MMN responses to the Dutch past tense and one derived noun

4.1

Introduction

There are two hypotheses regarding the storage and processing of (morphologically complex)
words. The underlying question behind these two hypotheses concerns our linguistic memory: Is it sensitive to the internal structure of words (morphology) or is it enough to store
sound-meaning combinations that we hear often? Assuming the latter, the more we hear certain
combinations of sounds associated with a specific meaning, the more likely a mental representation will be created that links those sounds to that meaning, regardless of morphological
structure (Bod, Hay, & Jannedy, 2003). If, however, the mechanisms of language processing
are sensitive to the internal morphological structure of words, then our lexical memory would
consist of basic constituents only (bound and self-standing morphemes) (Taft & Forster, 1975;
Marslen-Wilson, Ford, Older, & Zhou, 1996). Under this scenario, through a mechanism of
decomposition, incoming acoustic information that is morphologically complex would result in
the separate activation of its constituent morphemes in lexical memory.
For example, the Dutch monomorphemic noun seconde ’second’ and the past tense verb
speelde ’played’ have the exact same ending (-de). However, their different internal structure
could result in different processing mechanisms at the neurocognitive level. A monomorphemic
word like the Dutch noun seconde is assumed by most (psycho)linguistic theories to be stored as
a single sound-meaning representation in lexical memory. If, however, the mechanism of word
processing is sensitive to the compositionality of speelde, or other regular past tense verbs, then
decompositional theories would predict a decompositional mechanism would be activated when
processing this word. This mechanism would identify the compositionality of the incoming
stimulus, and would separate the word into its constituent elements, retrieving them separately
from lexical memory, and creating the surface form of the word online, rather than retrieving
it from memory in its surface form. Such an account presupposes that the decompositional
mechanism is sensitive to the morphological patterns of the language, and therefore, that some
form of grammar must be part of the cognitive representation of language (Marantz, 2013).
The regular past tense has been hypothezised to be stored through constituent elements and
processed via decomposition by most dual-mechanism models. However, not all morphologically complex words are assumed to be decomposed by theories that postulate the existence of
such a mechanism. The Words & Rules model by Pinker (1999) and the Parallel Race model
(PRM) by Baayen et al. (1997) are both examples of models that claim the decompositional route
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demands a higher cognitive load, and is therefore used only if direct, surface-form retrieval is
not available for an acoustic or visual stimulus (see section 2.2.2 in Chapter 2). A variable believed to facilitate complex words being stored in their surface form is frequency of occurrence.
These models claim the more frequent a word is processed, the more likely it will be stored in
its surface-form, even if a decompositional route exists for its processing.
Another factor that has been linked to surface-form storage is derivational morphology,
which is seen as fundamentally different from inflectional morphology (Schriefers, Friederici,
& Graetz, 1992; Badecker & Caramazza, 1989; Maury et al., 2015). The latter, which includes
plurality and past tense marking, adds extra information to a stem without changing its word
class or meaning. For example, the verb spelen ’to play’ remains a verb in its inflected form
speelde ’played’. Within decompositional theories, inflected verbs are often hypothesised to
be stored and process through their constituent elements precisely because inflection does
not change the word class or overall meaning of the base word. However, if speel receives
the derivational suffix -er, the verb changes word category and changes its meaning to speler
’player’. This is one of the reasons why words that undergo derivations in morphology are
thought to be processed differently from words that undergo inflections.
In this chapter, we will compare monomorphemic words to two instances of morphological
complexity: two regular past tense verbs and a derived, nominalized adjective. The former is
one of the most studied inflectional paradigms in the field, and thus allows for comparisons
between findings in different languages. A comparison of our results to those obtained by
Baayen and colleagues using lexical decision tasks (Baayen et al., 1997; Schreuder & Baayen,
1997; Bertram et al., 2000) will also shed light on the evidence that can be gathered with tasks
that vary in their temporal resolution. The use of the nominalized adjective will allow us to test
the hypothesis that derivational morphology requires the use of surface-form representation of
the derived forms. If this were the case, we should expect our derived noun to show similar
responses to monomorphemic words. By testing these two types of complex words, we hope to
shed light on the difference (if any) between the two types of morphological complexity, and,
specifically, on whether these two types are processed differently from monomorphemic words,
which we know must be stored in their surface-forms.

4.2

The study of storage and decomposition

The aforementioned theoretical accounts have served as the bases for models that attempt to
predict human behaviour during (morphologically complex) lexical processing. In previous
sections of this book we established that psycholinguistic models can be roughly divided into
two types. There are those that assume all words, regardless of morphological complexity, are
stored in their surface form. Authors such as Rumelhart and McClelland (1986); Bybee (1995);
Baayen et al. (2011) are proponents of the first type of model, where no words, regardless of
morphological complexity, are thought to be decomposed into their constituent elements. On
the other hand, based on the notion that morphologically complex words are made of smaller
constituents, there are models that predict certain types of complex words are decomposed into
their constituent elements. Such models claim that after an automatic decomposition process,
the constituent elements of the decomposed word are retrieved from memory and the whole,
surface-form word is processed.
Although models that assume decomposition of complex words are often grouped together,
there are actually several accounts in the decomposition literature regarding which words go
through one or the other mechanism. Authors like Taft (2004) believe decomposition applies
to all complex words, regardless of regularity, frequency or other factors. These are known
as full-decomposition models. There are authors like Sonnenstuhl et al. (1999); Pinker (1999);
Pinker and Ullman (2002); Clahsen et al. (2003); Marslen-Wilson and Tyler (2007) who propose
models where some complex words are decomposed, while other are stored in their surface
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forms. These are known as dual-mechanism models, because it is assumed they make use of
both surface-form storage and decompositional mechanisms during lexical processing.
In general, most dual-mechanism models assign an important value to structural transparency (Baayen et al., 1997; Pinker, 1999). That is, how easy it is to see the compositionality
of a word by looking at its surface form. For example, a verb stem like the Dutch werk ’work’
replaces the infinitive -en ending in werken ’to work’ and receives the suffix -te to produce the
past tense form werkte ’worked’. Such a past tense form is said to be structurally transparent
because the presence of both morphemes (the verb stem and the suffix) is clear from the linear
order of the sounds that make up the word. The opposite is the case with a verb stem like
loop ’walk’, where the past tense form also follows a rule, but the rule does not add an extra
element next to the first constituent. Instead, the rule changes the vowels inside the stem (from
[o] to [i], making the stem loop turn into the past tense liep ’walked’. In such cases of so-called
irregular inflection, the inflected form is said to be structurally opaque and, therefore, it is
assumed that the decompositional mechanism cannot recognize the compositionality of the
word. Consequently, the input is processed as a single unit and relies on surface-form storage
instead of decomposition.
Under the reasoning that structural transparency plays a defining role in the choice of
mechanism to process morphologically complex words, The PRM based a large part of its
evidence on frequency effects on simple and complex words (Baayen et al., 1997; Bertram et al.,
2000; Baayen et al., 2002; Schreuder, 2003). There is no consensus as to what is the frequency
threshold that determines when a word is decomposed and when it is stored in its surface
form (although certain authors, like Alegre and Gordon (1999) have calculated the threshold for
surface-form storage to be 6 per million). This is due to the fact that frequency is calculated
as the number of occurrences of a word in a specific corpus. However, this measurement is a
proxy for how often language users actually encounter the word, and that count is bound to be
different for every person. For example, infrequent words related to specific areas are probably
very frequent for experts in those areas.
Within the debate about the mechanism(s) responsible for processing morphologically
complex words, the past tense is perhaps the most studied inflectional paradigm in psycholinguistics (Regel, Opitz, Müller, & Friederici, 2015). The addition of a suffix to a verb stem is
a paradigmatic example of the systematic and productive regularity which can be exploited
by a decompositional mechanism that relies on structural transparency. On the other hand,
behavioural (Maury et al., 2015) and neurophysiological (Bozic & Marslen-Wilson, 2010) evidence suggests that derivational morphology, despite its transparency, seems to be processed
differently from inflectional morphology. After decades of research there is general (but not
unanimous) agreement that both surface-form storage and decomposition are part of language
processing. The debate revolves around which (types of) words are decomposed. In this study,
we aim at providing an experimental paradigm that can reliably assess the representation of
words at the earliest stages of word processing.
To know that our responses are tapping lexical representations of words, and are not simply
a brain reaction to sound, we aim to use brain responses to distinguish strings of sounds that
are words, from strings of sounds that are not (i.e. that are pseudowords or ungrammatical
strings). Next, we hope to elicit different responses from existing words depending on the
type of morphological complexity they have. While we expect past tense verbs to show evidence of decomposition, our derived noun should, according to the literature, behave like a
monomorphemic word, in that there should be a single surface-form representation for it.
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Morphological processing: empirical results and the case
of Dutch
Variables and experimental paradigms

The lexical decision task (LDT), where participants are shown strings of letters or sounds, and
are asked to classify them into categories (like words or pseudowords, nouns or verbs, etc.) is
commonly used in the field of word processing. A trial in an LDT consists of the presentation
of a target that the participant must respond to by classifying the target word in one of the
predefined categories. Response times and accuracy are taken as proxies for the accessibility
of the word (how easily their neural representations are activated). Researchers manipulate
variables like structural transparency and frequency, and make predictions regarding whether a
word will be recognized faster and/or more accurately, depending on whether it is stored in its
surface form or decomposed into its constituent elements.
The main source of behavioural evidence that morphologically complex words are decomposed comes from a type of LDT called a masked priming task. Just as the LDT version
described in the paragraph above, a masked priming LDT also requires a response to be made
regarding the classification of a target into predefined categories. Unlike the normal LDT
designs, however, a word different from the target word is presented to the participant in a
masked way. This is done in such a way that the participant is barely able to process the word,
usually with no conscious knowledge of having seen a word at all. The presentation of a word
before the target form, the prime, is expected to exert influence on the accessability of the target
itself. By manipulating the relation between the prime and the target, masked priming designs
allowed researchers to investigate the relation between morphologically related words (Forster,
1999).
The competing hypotheses of surface-form storage and decomposition have been assessed
with both types of LDT. In an unmasked LDT, the frequency of the target word can be manipulated. Low-frequency words are expected to be recognized slower than high-frequency words.
Since a decompositional view of morphology assumes inflected words have no surface-form
representation, but only representations of their constituent elements, the surface-frequency of
an inflected word should not predict how easily recognized the word is. If it does, then such an
effect is taken as evidence that the word is stored in its surface form. Most evidence of Dutch
morphological processing comes from unmasked LDT that follow this line of reasoning (Baayen
et al., 1997; Bertram et al., 2000; Schreuder, 2003)
A common experimental design of a masked priming LDT involves the presentation of an
inflected word as a masked prime, preceding the presentation of the bare form of the verb as a
target word. If the (often subliminal) processing of the inflected prime triggers an automatic
decomposition of the word into its bare stem and suffix, then the concious recognition of the
bare form as a target should be facilitated, because the bare form has already been activated
when processing the inflected word. On the other hand, if the inflected word is not decomposed,
but rather stored as a different word from the target, then the recognition of bare verb target
should not be facilitated. This effect is obtained together with control conditions that use
semantic and phonological similarity between primes and targets. In this way, the effect is
assumed to be purely morphological.
The results that have accumulated over the years in the literature suggest that regular,
transparent cases of complexity, such as the regular past-tense, are likely decomposed when
being processed (Lignos & Gorman, 2012). Derivational morphology, on account of the change
in word category and/or meaning of the derived stem, has been hypothesized to be a case of
morphological complexity that requires surface-form storage (for a review of empirical results
using masked priming designs, see Rastle & Davis, 2008).
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The case of Dutch

An early study that investigated surface-form storage and decomposition in Dutch morphological processing (Bertram et al., 2000) used the visual LDT to test the processing of the suffix
-te used as a regular past tense (werk – werkte ’work – worked’) and as a nominalizing suffix
(warm – warmte ’warm – warmth’). Their first experiment compared high and low surface
frequency verbs that were matched for base frequency. Base frequency counts include all the
complex words in which the stem can be found. Assuming that complex words are decomposed,
base-frequency, but not surface-frequency counts, should determine their ease of access. They
found no effect of surface frequency in regular past tense verbs. In a second experiment, they
compared high and low base-frequency past tense verbs while controlling for surface frequency.
Their results showed a significant effect of base-frequency. Taken together, these results were
interpreted as evidence that words with the Dutch past tense suffix -te are processed through
decomposition into their constituent elements.
However, later studies challenged the hypothesis that the frequency effects of these results
suggested rule-based decomposition of the past tense verbs. Ernestus and Baayen (2001, 2004)
used production experiments to test to what extent the production of both past tense allomorphs
-te and -de could be explained by a single alternation rule, whereby stems ending in voiceless
consonants take the -te allomorph, while the rest of the stems take on the -de allomorph. Although this research dealt with the production of morphophonology rather than morphological
processing per se, its premise did rest on the assumption that the surface forms of inflected
past tense verbs influence the choice of allomorphs for other verbs. Such an assumption implies
that past tense words must be stored in their surface forms, which is incompatible with the
hypothesis that morphologically complex words are stored via their constituent elements and,
therefore, not in their morphologically complex surface form.
The researchers found that stems ending in underlyingly voiced obstruents nevertheless
received the voiceless allomorph and vice-versa, and they concluded this was due to analogical
pressure from surface-form representations of similar verbs. These authors suggested that past
tense verbs that were produced by their participants with a different allomorph than what
would be expected from their phonological structure were being inflected through analogical,
and not rule-based processes. Such analogies would specifically occur between surface-form
representations of past tense forms and not by rule application to decompositions of stems and
suffixes. When being presented with a given verb stem, participants would compare the stem to
the representation of phonologically similar stems, and the allomorph that was more common
in a given set of stems was the one used for all the stems in that group, regardless of whether
the final consonant was underlyingly voiced or voiceless. They concluded that analogy with
phonologically similar stems, and not the instantiation of abstract rules, was the mechanism
through which verbs were inflected in the regular past tense in Dutch.
Another study also favoured the hypothesis that analogy between surface-forms guides the
representation of past tense Dutch verbs. Tabak et al. (2005) compared the processing of regular
and irregular past tense Dutch verbs with an LDT. Their results showed that many regular
past tense verbs showed surface-frequency effects, and that this effect was correlated with the
degree of rhyme the regular verb had with irregular verbs. These results suggest structural
transparency is not enough for regular past tense Dutch verbs to be decomposed, and that, in
the case of this experiment, analogy between the rhyme patterns of surface-form representation
of verbs determined how these are represented in lexical memory.
Regarding the processing of derived words with the -te suffix, experiment 2 of Bertram et al.
(2000) replicated their studies 1a and 1b, but with the same ending acting as a nominalizing
suffix. Their results showed an effect of surface-frequency only, and no effect of base-frequency
in the recognition latencies of derived nouns with the -te suffix. These results were interpreted as
evidence that derived nouns with the -te suffix are stored in their surface-forms, and, therefore,
not decomposed. These results suggest that in Dutch the two mechanisms of surface-form stor-
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age and decomposition are used, with surface-form storage acting as the preferred mechanism,
and decomposition being used when surface-forms do not have the necessary representational
strength to support direct storage.

4.3.3

Limitations of previous results and the need for neurophysiological
evidence

Despite the fact that analogy between surface-form representations is indeed a plausible scenario when thinking about access to word representations, Taft (2004) argues that such effects
do not preclude the existence of decomposition-based processing of morphologically complex
words. The author, who proposes a model of obligatory decomposition of all morphologically
complex words, reminds us that even if words are decomposed into their constituent elements,
there must still be a later stage when these constituents are recombined into the surface forms
we are all familiar with. Following this reasoning, experimental results based on analogical
relations between surface-form representations, like the ones described above in Dutch, do
not preclude the possibility that there was a decomposition stage prior to the activation of a
surface-form representation.
If surface-form representations are ubiquitous even in models of decomposition, as dualmechanism models suggest, then the time at which processing is probed becomes crucial.
Studies of morphological processing based on neurophysiological responses have tended to
produce more evidence favouring decomposition of complex words in regularly and irregularly
inflected words and derivations (see, for example, Bozic, Marslen-Wilson, Stamatakis, Davis, &
Tyler, 2007; Morris & Stockall, 2012). This is likely due to the fact that event-related potential
(ERP) responses can be time-locked to the exact moment when a linguistic item has been
processed, whereas behavioural responses like those obtained in the Dutch LDT experiments
require the process to end, and the response to be planned and executed, before the experimenters can obtain information about the processing of the word.
As was discussed in section 2.4 in Chapter 2, the MMN is the earliest known ERP response
to be modulated by the lexical status of the stimuli (the lexical MMN (Pulvermüller & Shtyrov,
2006)) and by the complexity at the word-internal (morphological) and sentence level (the syntactic MMN (Pulvermüller & Shtyrov, 2003)). Both responses peak before 200 milliseconds, and
are therefore much better suited to tapping into the first stages of processing of morphologically
complex words.
Only one study to date, carried out with English stimuli, has elicited MMN responses with
regular past tense verbs and compared their responses to ungrammatical controls (Bakker et
al., 2013). The authors found the memory trace of regularly inflected past tense verbs, probed
by the amplitude of the MMN response they evoked, was smaller than than of an acousticallymatched ungrammatical word (sMMN). Given that the memory trace of a past tense form
was smaller than that of a pseudoword, for which we know there is no pre-existing memory
trace, the authors concluded their past tense verbs also had no surface-form representations.
In the same experiment a monomorphemic word (hide) did produce a bigger MMN than a
control pseudoword. The larger MMN amplitude of the monomorphemic word hide compared
to its control pseudoword is in line with the expectation that monomorphemic words have
consolidated memory traces (lexical MMN). The fact that the inflected past tense form cried
produced a smaller response than its control condition shows that, in the early stages probed
by the MMN, there is no memory trace for the surface-form of the regularly inflected past tense
verb.
Regarding derivations, Leminen et al. (2013) showed that while plural inflections in Finnish
showed signs of being decomposed, derivations in Finnish behaved like monomorphemic words,
thereby suggesting these are stored in their surface-forms. Likewise, Hanna and Pulvermüller
(2014) showed that MMN responses for German derived words were larger than those elicited
by pseudoword controls, indicating these derived words had pre-existing memory traces and
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that they were, therefore, stored as surface-form representations.
Recent MMN studies have shown evidence that the oddball paradigm used to elicit the
lexical and syntactic MMN response usually produced a second, later MMN component peaking
roughly between 150 and 300 milliseconds (see, for example, Leminen et al., 2013; Pulvermüller
& Shtyrov, 2003). To our knowledge, there are no cognitive processes that has been attributed
to the second MMN. We therefore have no predictions for how this component would behave
under decompositional or direct access processing. For exploratory purposes, and assuming the
second MMN is in some way related to the early memory trace activation, having an early and
a later component can allow researchers to compare early, pre-attentional responses to slightly
later responses in the same experiment.

4.4

The present study

Our experiment aims at probing mechanisms responsible for monomorphemic, inflected and
derived word processing in Dutch. Specifically, we want to examine the earliest stages of
processing by time-locking the MMN component to the presentation of the word’s final sounds
(-de and -te). Assuming that the sounds of the word trigger the retrieval of the memory trace
that corresponds to that word, we will compare the amplitude of the MMN response elicited by
the same deviant sounds (-te and -de) instantiating different types of words: Monomorphemic
nouns, past tense verbs, a derived noun, and, acting as acoustic controls, pseudowords and
one ungrammatical verb. We hope to elicit both early and late MMN components to be able to
compare, as a way of exploratory research, the sensitivity to morphological complexity at both
stages of word processing. We will also report the latency of the first peak, since it is assumed
by most models of word processing, such as the PRM (Baayen et al., 1997), that processing a
word through decomposition takes more time than retrieving its surface form from memory. In
any case, our design prevents us from directly comparing singular nouns (which we assume are
directly retrieved) and past tense verbs (which we assume are processed via decomposition of
their constituent elements), because the MMN response is too sensitive to the acoustic features
of each standard-deviant pair.
Finally, while we assume the early MMN reflects the activation of the memory trace(s) being
retrieved, we have no assumptions regarding the cognitive correlates of a later negativity, other
than that it will reflect a later operation in the processing of the word. We will therefore report
on differences in average voltage, but will not report on the latency of this second component,
since we have no prediction as to what such differences in latency might mean at the cognitive
level.
Our goal is to assess whether the MMN response elicited by the same sounds can vary for
different types of morphological complexity, thus shedding light on the different mechanisms
that handle the processing of the different types of words. With this study we hope to contribute
to the debate about Dutch past tense and derivational processing. We also expect to test the
applicability of the MMN paradigm to the study of early word processing in a language where
no such studies have been realized, as is the case with Dutch. As a way of exploratory research,
we will extend the comparison between our stimuli and their acoustic controls to a late MMN,
which has been previously reported in linguistic MMN studies. Our MMN components will
also be compared in their distribution across widely-defined regions, in order to assess the
rough patterns of distribution of the MMN, within the spatial constraints of EEG research.
Our first research question is whether we can replicate the results of the experiment discussed
in chapter 3, where the MMN response was shown to distinguish words from pseudowords
in Dutch. We expect distinct patterns of response when comparing our Dutch words to their
acoustic controls. Specifically, we expect monomorphemic words will elicit more negative MMN
amplitudes than their pseudoword and ungrammatical controls (lexical MMN).
Our second research question concerns the processing of regularly inflected past tense verbs
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in Dutch. While behavioural experiments carried out by Ernestus and Baayen (2001, 2004)
showed evidence for lexical storage of surface forms for regularly inflected past tense verbs,
Bakker et al. (2013) showed evidence for the decomposition of regularly inflected past tense
verbs in English using the MMN paradigm. We will therefore compare Dutch grammatical past
tense verbs to an acoustically matched pseudoword in the case of the -de past tense allomorph,
and to an ungrammatical past tense verb (inflected with the wrong allomorph) in the case of
the -te suffix. The reasoning of the syntactic MMN is that a complex word that is decomposed
should not have a memory trace for the surface form of the word, but only memory traces
for the constituent elements. This is why the memory trace for the surface form of a complex
word is expected to be smaller than the memory trace of a string of sounds that is not part of
lexical memory. A pseudoword and an ungrammatical word are, therefore, equivalent for the
purposes of this MMN paradigm. We therefore use both types of contrasts for our past tense
condition, by comparing stolde ’solidified’ to the pseudoword spolde, while comparing the past
tense sleepte ’dragged’ to the ungrammatical *speelte ’played’.
The MMN paradigm allows for strict control over variables that influence ERP responses,
such as stimulus variability (item), attentional modulations and task-related ERP activity
(Pulvermüller & Shtyrov, 2006). However, the strict acoustic control of stimuli greatly reduces
the types of words that can be tested in any given word class. In this line, recent MMN
experiments have allowed themselves more variation in the acoustics of standard stimuli, as
long as they keep the deviant element the same (e.g. il ’he’ versus nous ’we’ and sicherheit
’security’ versus sauberkeit ’cleanliness’ in Hanna and Pulvermüller (2014)). In order to allow
ourselves comparisons of monomorphemic, regular past tense and a nominalized adjective, we
sacrificed some of the strict acoustic controls among our stimuli, while making sure the deviant
elements were always the same among compared items. Table 4.1 shows each Dutch word used,
together with the pseudowords and ungrammatical verb used as controls.

Table 4.1: Stimuli and conditions

Condition
Lexical MMN
Lexical MMN
Syntactic MMN
Syntactic MMN
Lexical MMN

Standard
secon
spol
sek
spal
stol
spol
sleep
speel
zwaar
spal

deviant
de
de
te
te
de
de
te
te
te
te

Class
singular noun
pseudoword
singular noun
pseudoword
past tense
pseudoword
past tense
ungrammatical past tense
derived noun
pseudoword

Expected outcome
seconde > spolde
sekte > spalte
stolde < spolde
sleepte < speelte
zwaarte > spalte

Tests were carried out after the experiment to know what the participants report when
hearing the stimuli. We played each standard-deviant combination to participants and asked
them to write down what they heard. In case they heard a known word, they were asked to
write an example sentence where the word is used. For example, a participant that heard the
standard-deviant combination secon and de and recognized the Dutch word seconde ’second’
wrote the example sentence Ik wacht een seconde ’I wait one second’.
Finally, based on the different results for inflected and derived words in Finnish (Leminen et
al., 2013) we compared the response to a derived noun with the -te nominalizing suffix (zwaarte
’heavyness’) to an acoustically matched pseudoword (spalte). If derivations are stored in their
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surface-forms, we should see a larger response to the derived noun than to its control pseudoword. If, however, the response to the derived word is smaller than that of the pseudoword,
we should conclude the derived word is being decomposed. We expect a lexical MMN for the
derived noun because both the behavioural results from Dutch as well as the MMN studies
on derived words have shown these to be stored as surface-form representations. However,
there are behavioral and neurophysiological studies that found evidence that native speakers
decompose even derived words (Stockall & Marantz, 2006; Diependaele et al., 2011; Clahsen &
Neubauer, 2010; Marantz, 2013; Fruchter & Marantz, 2015). We therefore do not rule out the
possibility that our derived word could elicit an MMN response with a less negative amplitude
than its pseudoword control, thereby causing a syntactic MMN response.

4.5
4.5.1

Methods
Participants

Twenty right-handed monolingual native speakers of Dutch (ages ranged from 18-45. Mean age
was 25.7, 8 males) with normal hearing (except one who had a 20% hearing loss in her left ear)
and without any known attentional or language disorders were recruited via advertisements
on the internet, university boards and posters in Amsterdam. Participants gave their written
consent before the experiment and were paid a total amount of 30 euros for their participation
(15 euros per session). The study was approved by the Ethical Committee of the Faculty of
Humanities of the University of Amsterdam.

4.5.2

Materials

We elicited MMN responses using the oddball paradigm, where a repeating standard sound is
occasionally interrupted by the presentation of a deviant sound ([t@] or [d@] in this case). The
standard stimuli corresponded to the words shown in Table 4.1, but without the deviant sounds.
We randomized the presentation of deviant stimuli such that they would have a probability
of occurrence of 17% and would total 120 per block. We instantiated two constraints on the
presentation of our stimuli: no less than two and no more than eight standards could appear
between two deviants, and each block started with 10 standards in a row, which were later
discarded for the analysis. We also discarded the standard that came after each deviant from
analysis.
Stimuli were recorded by a female native speaker of Dutch who pronounced each sound
several times and under different acoustic contexts to minimize co-articulatory bias. The
recordings were selected in a way that they were most similar to each other in terms of length,
pitch and intensity. Additionally, the exact same sound strings were used across words when
possible (the -de and -te endings are the same across conditions, as is the initial s consonant and
the -ool sequence in spool and stool). Figure 4.1 shows how the singular noun seconde and its
pseudoword control spolde were built. Figure 4.2 shows how the past tense verb sleepte and its
ungrammatical control speelte were built.
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Figure 4.1: Construction of the singular noun seconde and its pseudoword control spolde. Both stimuli carry the
exact same acoustic ending (-de).
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Figure 4.2: Construction of the past tense verb sleepte and its ungrammatical control *speelte. Both stimuli carry
the exact same acoustic ending (-te).

4.5.3

Procedure

Participants were seated in an acoustically and electrically shielded room, looking at a monitor
in a dimly lit room, at the ACLC lab for EEG studies of the University of Amsterdam. Sounds
were presented through Sennheiser HD419 headphones. Volume was set the same for all
participants and they were instructed to watch a silent movie while paying attention to the
subtitles of the movie and to ignore the sounds coming through the headphones. The stimuli
were generated through software written by the university’s lab engineer. The software received
the stimuli and sent them through one channel and then duplicated to be heard on both sides of
the headphone, while using another channel to send an acoustic cue to the Biosemi machine that
synced the cue to either the start of the standard stimuli or the start of the deviant (-de, -te ) with
a high temporal precision. Participants were given the option to choose among three subtitled
Dutch movies namely Lek, Zwartboek and Alles is Liefde. The experiment lasted approximately
80 minutes.
Each session consisted of 4 blocks that lasted approximately 20 minutes. Participants had
to take part in two sessions that took place on different days. Standard stimuli accounted for
83% of each block and deviants occurred at a total of 17%. To habituate participants to the
presentation of the sounds through the odd-ball paradigm, each block started with 10 standard
stimuli played consecutively; these standards were not included in the analysis.

4.5.4

EEG recording and processing

Electroencephalogram data was recorded with a 64-channel Biosemi Active Two system (Biosemi
Instrumentation BV, Amsterdam, The Netherlands). Scalp electrodes were arranged in a 10-20
system. In addition to the 64 electrodes of the cap, three reference electrodes were placed on the
mastoids and the nose. All 64 EEG channels were referenced offline to the mean of the mastoid
electrode recordings. In order to control eye movements and avoid eye-movement artifacts,
two horizontal and two vertical external electrooculogram (EOG) electrodes were placed on
each participant. An automatic artifact rejection procedure was applied to the continuous data
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in Praat (Boersma & Weenink, 2019). 48 electrodes were selected on which pre-processing
was applied. First, a peak-to-peak eye-blink correction was applied to the left vertical EOG
channel, to mark any epochs that contained eye blinks. This was done by calculating the voltage
difference between the most positive and most negative peak in any epoch, which was compared
to a threshold of 3.5 Z-scores, based on the mean voltage of the given epoch. Epochs containing
artifacts were removed, as were the first 10 standard epochs at the start of each block and any
standard epoch directly following a deviant stimulus. Data of participants with less than 75
deviants left after artifact rejection were not included in further analysis. The sampling rate was
at 8 kHz which was downsampled by a factor of 16 after recording (Biosemi Decimator 86).
Visual inspection of the MMN per subject and electrode revealed different patterns of EEG
activity around the MMN components. We therefore selected specific criteria for the selection
of MMN peaks. The script searched for the most negative value of the ERP component in two
time windows: The first MMN peak had to be searched after 80 milliseconds of the onset of the
ERP (which corresponded to the onset of the deviant stimulus) and until 210 milliseconds. The
second peak was searched for in a window ranging from 250 milliseconds to 580 milliseconds.
Because some ERP components had more than one peak, even though they formed a single
ERP component, we included a third constraint in the process of peak selection. We established
a minimum of 70 milliseconds as a separation for the two peaks. In other words, if two negative
peaks were found within a range of 70 milliseconds, it was assumed they belonged to the same
ERP component and only one peak was chosen. If the two peaks were separated by more than
70 milliseconds, they were taken to be different ERP components.
The procedure to compute the average voltage of the MMN component was as follows. First
the most negative voltage value was found for each time window. This corresponded to the
peak of each MMN component (the early and the late one). Once the peak was found, the
area of 20 milliseconds around the peak (10 milliseconds to the left and 10 to the right) was
calculated. To measure latency, we used the time at which the most negative value of the MMN
component (its negative peak) was present.
As mentioned earlier, we are interested in assessing the strength of the neural memory
trace of monomorphemic words, past tense verbs and a derived Dutch word. We will do so
by comparing the difference in the MMN amplitude of these words to the MMN amplitude
of control pseudowords and ungrammatical forms. We therefore assume that the average
amplitude of the first peak reflects the strength of each memory trace. The more negative the
amplitude is, the more consolidated the memory trace is assumed to be. We interpret the latency
of the first peak as a proxy for how fast the memory trace of a the word was activated. As
for the late MMN, we have no clear predictions as to the cognitive process to which it refers.
We do assume this late MMN reflects a second, later process that follows the retrieval of the
memory trace. As for the latency of this late MMN, we have no assumptions as to its cognitive
significance, and we therefore do not report it.

4.6

Analysis

We built linear mixed-effects models in R (R Core Team, 2017) using the lmerTest package
(Kuznetsova et al., 2017) with grammaticality (grammatical versus ungrammatical) or lexicality
(word versus pseudoword) as a fixed effect, depending on whether we compared real words
to ungrammaticals or to pseudowords. We used a maximal structure for random effects (Barr,
Levy, Scheepers, & Tily, 2013). This means that each fixed effect we included in a model was also
included as a random slope with the variable of subject as a random intercept. We established
orthogonal contrasts for each fixed effect (Baguley, 2012) which resulted in one contrast for the
lexicality/grammaticality variable, two contrasts for the hemisphere variable and four contrasts
for the region variable (see Table 4.2). We then proceeded to compare nested models through
analysis of variance tests, such that the simpler model was always included in the more complex
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model to which it was compared. If the more complex model provided a significantly better
fit, as indicated by a significant p-value, then we kept that model and compared it to a more
complex, nested model until we found the best model.
Table 4.2: Contrasts for fixed effects

Contrasts
Contrast 1
Contrast 2
Contrast 3
Contrast 4

Lexicality/Grammaticality
Word/Grammatical vs PW/Ungrammatical
–
–
–

Hemisphere
L. & R. vs Middle
L. vs R.
–
–

Region
Per. versus Cent.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs F.C.

PW = Pseudoword, R. = Right, L. = Left, Per. = Peripheral, Ant. = Anterior, Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal

Analysis of the MMN is usually circumscribed to midline and frontal electrodes. However,
visual inspection of our data revealed that the MMN was also present on the electrodes at both
the left and right sides of the midline, and extended well into centroparietal areas. We therefore
divided the electrodes into 3 hemispheres and 5 regions. We did this so as to be able to take the
variation of the MMN across hemispheres and regions into account when comparing the MMN
responses.
We divided electrodes into left, midline and right hemispheres. Although the midline is not
considered a different hemisphere, we decided to separate the electrodes in the left and right
hemisphere from those in the midline, so as to compare how the MMN response propagates at
the left and the right sides of the midline. We specified two hemisphere contrasts in the model.
First, we compared the average MMN response in the left and right hemispheres to the average
MMN response at the midline electrodes. Second, we compared the MMN responses of the
right and left hemisphere while ignoring those of the midline.
Our regions included, from anterior to posterior: 1) frontopolar and anterofrontal, 2) frontal,
3) frontocentral, 4) central and 5) centroparietal. We decided to include the midline electrode
of the parietal region, but not the electrodes to its sides, since at this region the MMN did not
propagate to the sides as clearly as in the more anterior regions. We specified 4 contrasts for
the 5 levels of region: We first compared the peripheral regions (frontopolar-anterofrontal and
centroparietal) to the central regions (frontal, fronto-central and central) in order to confirm
our MMN responses were stronger at central regions, as previous literature has shown. Our
second region contrast compared peripheral regions to each other. That is, the frontopolar and
anterofrontal electrodes against the centroparietals plus Pz. Our third contrast compared central
and frontocentral MMN responses against those of the frontal regions, while the fourth contrast
compared central versus frontocentral MMN responses. Table 4.2 shows the contrasts that were
used for each fixed effect.
Visual inspection of the data revealed that the MMN did not always peak at the central
midline electrodes, as is usually the case in earlier reported MMN studies. Indeed, experiments
that elicit the MMN with meaningful linguistic stimuli have produced MMN responses that
propagate across hemispheres and regions. This has caused researchers to take different
decisions on what electrodes to include in their analyses. In an early study, Pulvermüller and
Shtyrov (2003) used either electrodes Fz and Fcz plus two electrodes to each side, or Cz and Pz
plus two electrodes to each side, finding different effects depending on the choice of electrodes.
Alexandrov et al. (2011) used only electrodes Fz, Cz and Pz, plus one electrode to each side,
for their analysis. Leminen et al. (2013) used 48 electrodes spread across frontal, central and
parietal regions, while Hanna and Pulvermüller (2014) used the global root mean square of all
64 electrodes. These studies serve as an example of the great variability there is in the field of
syntactic MMN studies when it comes to the choice of electrodes to use.
Regarding our data, we noticed that the patterns of propagation of the MMN response
varied considerably as the electrodes are further away from the midline. We therefore conducted
4 different analyses on the data for each condition, depending on how many electrodes to
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the side of the midline we used (see Figure 4.3). This resulted in our original choice of
electrodes for analysis, which included 7 midline electrodes and 19 electrodes that expanded
to each hemisphere. These 19 electrodes on each side can be divided into 5 regions. The
frontal, frontocentral, central and centroparietal regions all have 4 electrodes set out in order of
closeness to the midline, with the exception of the anteriofrontal electrodes, which have only
two, and the frontopolar section, with only one electrode to the side of the midline. Removing
the fourth electrode furthest away from the midline in each region is what we refer to as the
z3 set. Removing the two electrodes furthest away from the midline (only one in the case
of the anterofrontal and none for frontopolar ones) results in the z2 set. Removing all three
electrodes furthest away from the midline (two in the case of anterofrontal and none in the case
of frontopolar ones), or, in other words, leaving only one electrode to the side of each midline
(z) electrode, is what we refer to as the z1 set.

Figure 4.3: Choice of electrodes for each analysis. The main analysis included all electrodes at each side of the midline
electrodes included. z3, z2 and z1 analyses include only 3, 2 and 1 electrodes to the side of each midline
electrode respectively.

We initially report the analysis of all electrodes, and give details about the results of posterior
(z3, z2 and z1) analyses if they differ from or add new information to the results obtained from
the complete set of electrodes. Our original research question regarding whether Dutch words
can elicit the lexical and syntactic MMN responses was meant to be tested with the original set
of electrodes. We established an alpha of 0.05 for this test. The tests based on the other sets of
electrodes are exploratory and, because there are three possibilities of significance testing, we
corrected the alpha of these tests by dividing it by the number of additional tests (3), resulting
in an alpha of 0.01 for the z3, z2 and z1 tests.
Whenever a model for the data resulted in significant interactions of lexicality/grammaticality
and one of the other two possible fixed effects (hemisphere and region), linear mixed effects
models were constructed on subsets of the data to examine the interaction. In order to compare
the latency of the MMN peaks, we built linear mixed effects models using the peak amplitude
of the first peak in each electrode.
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Results
MMN on monomorphemic Dutch nouns

Seconde
Using all electrodes originally chosen (see Figure 4.2), the best model to account for the
difference in MMN amplitude of the earliest peak between the monomorphemic noun seconde
and the pseudoword spolde included lexicality, hemisphere, region and a lexicality-hemisphere
interaction as fixed effects (see Table 4.3).
Table 4.3: Model for the difference between the noun ’seconde’ and the pseudoword ’spolde’

(Intercept)
W. vs PW.
R. vs L. Hem.
R. & L. Hem. vs Midline
Cent. versus Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs Front.
W. vs PW.:R. vs L.
W. vs P.W.:R. & L. Hem. vs Midline

Estimate
-1.83
0.24
0.19
-0.03
0.03
0.42
-0.13
-0.11
-0.50
-0.11

SE
0.14
0.46
0.13
0.08
0.09
0.26
0.11
0.09
0.21
0.18

df
12.50
13.36
12.64
21.47
16.05
15.04
17.31
24.58
14.99
17.50

t value
-13.23
0.51
1.49
-0.36
0.38
1.60
-1.18
-1.20
-2.43
-0.62

p value
< 0.001
0.62
0.16
0.73
0.71
0.13
0.25
0.24
0.03
0.54

SE = Standard error, df = Degrees of Freedom, W. = Word, PW. = Pseudoword, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central, Per. = Peripheral, Ant. = Anterior,
Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal

Although seconde was estimated to be more negative than spolde, their estimated difference
was not significant (0.24 microvolts. t [13.36] = 0.51, p = 0.62 with a 95% confidence interval
from -0.67 to 1.14 µV). Although hemisphere and region improved the model, the coefficient of
their effects did not reach significance.
The interaction of lexicality and the right versus left hemisphere contrast was significant (t =
2.43). Linear mixed effect models were run on the left and right hemisphere data separately to
inspect the interaction. We found that for the left hemisphere the difference between the singular
noun and its pseudoword control was very small (0.05 µV with a 95% confidence interval from
-0.77 to 0.86 µV) and not significant (t [12.77] = 0.1, p = 0.92 ). For the right hemisphere, the
model estimated that the singular noun seconde produced a more negative MMN response than
its pseudoword control by 0.48 µV, with a 95% confidence interval from -0.49 to 1.46 µV. The
difference, although larger than in the left hemisphere, also did not reach significance (t [12.87]
= 0.98, p = 0.35). This directionality of the effect is in line with the predictions of the lexical
MMN response.
The average amplitude of the MMN response across hemispheres for seconde and spolde
can be seen in Figure 4.4. It is clear that the response to the singular noun was more negative
than the response to the pseudoword in the right hemisphere. The same pattern of results was
obtained from the analysis with the z3 electrode set, where the interaction of lexicality and
hemisphere almost reached the 99% significance threshold (t [14.39] = 2.66, p = 0.018. Using the
electrode set z2 and z1, hemisphere ceased to be a significant predictor in our models. Only
region remained a significant fixed effect, and the model with a lexicality-region interaction
was estimated to be the best model for the z2 and z1 electrode sets. However, in none of these
models did any of the contrasts for interaction reach significance.
In terms of latency, the best model included lexicality, hemisphere and region as fixed effects.
The model estimated both stimuli peaked at almost the same time, with the noun seconde peaking only 0.5 milliseconds later than the control pseudoword .This difference was, unsurprisingly,
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Figure 4.4: Average amplitude of the MMN response for word ’seconde’ and its control pseudoword across hemispheres

not statistically significant (t [5.53] = 0.08, p = 0.94 with a 95% confidence interval from -14.71 to
13.62 milliseconds).
Regarding the second peak, the best model included lexicality, hemisphere and region as
fixed effects. This time, we observe a significant difference between both stimuli. The model
estimated seconde produced a more negative MMN than spolde by 1.04 µV. The difference was
significant (t [12.09] = 3.63, p = 0.003 with a 95% confidence interval from 0.48 to 1.60 µV). This
difference, present across all hemispheres and regions, is more in line with the lexical MMN
prediction than the results of the first peak, where the lexical MMN effect was present only in
the right hemisphere.
The effect of hemisphere was due to a significant difference between left and right hemispheres, with the latter being more negative by 0.37 µV. The difference was significant (t [15.21]
= 2.24, p = 0.04 with a 95% confidence interval from 0.05 to 0.70 µV). There was no interaction
between the difference of left and right hemispheres and lexicality, as was the case with the
earlier MMN response to the same stimuli. The effect of region was due to significant differences
between peripheral anterior and posterior electrodes, with the former being more negative by
0.38 µV (t [15.62] = 2.60, p = 0.02 with a 95% confidence interval from 0.09 to 0.67 µV), and a
significant difference between central and frontal electrodes, with frontals being more negative
by 0.19 µV(t [34.97] = 2.36, p = 0.02 with a 95% confidence interval from -0.35 to -0.03 µV).
Sekte
The best model to account for the difference in MMN amplitude between the first MMN peak of
monomorphemic noun sekte and its pseudoword control spalte included lexicality, hemisphere,
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region and an interaction between lexicality and hemisphere as fixed effects (see Table 4.4). The
model estimated sekte to have produced a more negative MMN amplitude than spalte by 0.68
µV. This difference was not significant (t [12.02] = 1.27, p = 0.23 with a 95% confidence interval
from -0.37 to 1.74 µV).

Table 4.4: Coefficients of the best model to describe the difference in MMN amplitude between sekte and its
pseudoword control.

(Intercept)
W. vs PW.
R. vs L. Hem.
R. & L. Hem. vs Midline
Cent. versus Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs Front.
W. vs PW.:R. vs L. Hem.
W. vs PW.:Sides vs Midline

Estimate
-3.67
0.68
0.06
-0.27
0.69
0.36
-0.02
-0.18
-1.00
0.08

SE
0.46
0.54
0.18
0.14
0.13
0.27
0.14
0.13
0.31
0.20

df
15.15
12.02
13.85
16.24
16.37
16.48
16.44
19.70
14.12
23.80

t value
-8.00
1.27
0.34
-1.99
5.34
1.32
-0.16
-1.35
-3.25
0.41

p value
<0.001
0.23
0.74
0.06
0.00
0.20
0.88
0.19
0.01
0.69

SE = Standard error, df = Degrees of Freedom, W. = Word, PW. = Pseudoword, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central, Per. = Peripheral,
Ant. = Anterior, Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal

None of the coefficients for hemisphere reached significance. They all, however, showed
the same trend: Small differences between left and right hemisphere, and the midline having
the most negative MMN responses. The effect of region was due to the the MMN being more
negative at central than peripheral electrodes by 0.69 µV. This difference was significant (t
[16.36] = 5.34, p < 0.001 with a 95% confidence interval from 0.44 to 0.95 µV).
As with the previous singular noun, here we also observed an interaction between the right
versus left hemisphere contrast and lexicality (t [14.11] = 3.25, p = 0.006). Linear mixed effect
models run on the right and left hemisphere separately revealed that in both hemispheres the
word sekte produced a more negative response than its pseudoword control. However, at the
left hemisphere this difference was small and not significant (0.17 µV. t [10.49] = 0.28, p = 0.79
with a 95% confidence interval from -1.39 to 1.04 µV). At the right hemisphere, the difference
was in the same direction (word more negative than pseudoword), larger (1.45 µV) and reached
statistical significance (t [12.28] = 2.89, p = 0.01 with a 95% confidence interval from 0.47 to 2.44
µV). Figure 4.5 shows that the word sekte produced a more negative MMN than the pseudoword
spalte at the midline and the right hemisphere, while the MMN responses were quite similar in
the left hemisphere.
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Figure 4.5: Average amplitude of the MMN response for word sekte and its control pseudoword across hemispheres.

Results did not vary in posterior analyses with z3, where the right versus left hemisphere
contrast also showed a significant interaction with lexicality (t [12.40] = 2.77, p = 0.016). Choosing
z2 and z1 electrodes we observed that the interaction with hemisphere disappeared. In the z2
electrode set the best model did not have a hemisphere interaction with lexicality, nor did it
have hemisphere as significant fixed effect. Instead, the best model included a lexicality and
region interaction. However, none of the interaction coefficients reached significance in the
z2 model. The model with the z1 set showed only a significant effect of the central versus
peripheral electrodes contrast (t [16.48] = 4.259, p < 0.001).
In terms of latency, the model that best accounted for the difference between sekte and its
pseudoword included lexicality and hemisphere as fixed effects. The model estimated that the
the noun peaked later than the pseudoword by 7.94 milliseconds. This difference did not reach
significance (t [11.95] = 0.85, p = 0.41).
The best model to account for the difference in amplitude of the second, later MMN peak was
a model with lexicality, hemisphere, region and an interaction between lexicality and hemisphere
as a fixed effect. The model estimated the noun sekte produced a more negative MMN amplitude
than its pseudoword control spalte by 0.72 µV. This difference was not significant (t [7.49] = 1.58,
p = 0.16 with a 95% confidence interval from -0.17 to 1.61 µV).
The effects of hemisphere and region on the second, later MMN followed the expected
patterns of the early MMN response: The midline was more negative than the sides (t [15.48] =
2.54, p = 0.02 with a 95% confidence interval from -0.54 to -0.07 µV) and central regions were
more negative than peripherals (t [15.49] = 3.65, p = 0.002 with a 95% confidence interval from
0.17 to 0.55 µV).
The interaction between lexicality and the right versus left hemisphere contrast was also
significant (t [16.80] = 4.13, p = 0.0007). Linear mixed effects models run on the left and right
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hemisphere separately revealed that while for the left hemisphere the noun sekte elicited a
more negative late MMN than its pseudoword control (0.13 µV), for the right hemisphere the
effect was opposite, with the noun sekte eliciting a smaller MMN than the pseudoword control
(0.02 µV). Both effect sizes are small, specially the one in the right hemisphere where the lexical
MMN seems to be inverted. In any case, neither difference reached significance.

4.7.2

MMN on past tense verbs

Stolde
The best model to account for the difference in MMN amplitude between the past tense stolde
and the pseudoword spolde was a model with lexicality, hemisphere, region and a lexicalityregion interaction as fixed effects. We predicted that the grammatical past tense stolde should
produce a smaller MMN than the pseudoword control. As it turns out, the response to stolde
was slightly more negative than its pseudoword control by 0.20 µV, This difference, however,
was small and did not reach significance (t [10.29] = 0.491, p = 0.63 with a 95% confidence
interval from -0.61 to 1.01 µV). The past tense stolde did not produce MMN responses that
reliably differed from the pseudoword control. None of the other coefficients of the model were
significant (see Table 4.5).
Table 4.5: Coefficients of the best model to describe the difference in MMN amplitude between the past tense stolde
and its pseudoword control.

(Intercept)
W. vs PW.
Cent. versus Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs Front.
R. vs L. Hem.
R. & L. Hem. vs Midline
W. vs PW.:Cent. versus Per.
W. vs PW.:Per. Ant. vs Per. Post.
W. vs PW.:Cent. & F.C. vs Front.
W. vs PW.:Cent. vs Front.

Estimate
-1.62
0.20
0.06
0.31
-0.00
-0.07
-0.06
-0.04
-0.12
0.49
-0.08
-0.07

SE
0.28
0.41
0.08
0.19
0.11
0.08
0.13
0.10
0.11
0.35
0.19
0.18

df
13.72
10.29
16.34
16.31
17.50
21.84
15.55
16.28
18.50
13.96
18.16
13.15

t value
-5.78
0.49
0.77
1.62
-0.00
-0.90
-0.43
-0.34
-1.08
1.39
-0.40
-0.42

p value
<0.001
0.63
0.45
0.12
1.00
0.38
0.67
0.73
0.29
0.19
0.69
0.68

SE = Standard error, df = Degrees of Freedom, W. = Word, PW. = Pseudoword, Cent. = Central, Per. = Peripheral, Ant. = Anterior, Post. = Posterior,
Cent. = Central, F.C. = Frontocentral, Front. = Frontal, R. = Right, L. = Left, Hem. = Hemisphere

We examined the interaction between lexicality and the peripheral anterior versus posterior
contrast, since it was the coefficient closest to a significant effect (t [13.95] = 1.39 , p = 0.19). We
carried out linear mixed effect models on peripheral anterior and posterior data separately. The
models estimated that on peripheral anterior electrodes, the past tense stolde actually produced
a less negative MMN response than its pseudoword control by 0.27 µV. The directionality of
the effect corresponds to the predictions of a syntactic MMN, whereby a real complex word
produced a smaller MMN than an acoustically matched pseudoword. The difference, however,
was not significant (t [12.69] = 0.55, p = 0.60 with a 95% confidence interval from -1.24 to 0.70
µV). On peripheral posterior electrodes, we found the opposite effect. The model estimated
that the past tense verb yielded a more negative MMN than its pseudoword control by 0.41
µV, opposite to the predictions of the syntactic MMN. This difference was not significant (t
[11.83] = 1.42, p = 0.18 with a 95% confidence interval from -0.16 to 0.99 µV). Figure 4.6 shows
the estimated MMN amplitudes of the past tense and its pseudoword control for each region
The same results were found in the z3, z2 and z1 analyses, where the difference between the
regular past tense and the pseudoword control were non-significant. The past tense was slightly
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more negative in these analyses, except in the peripheral anterior regions. In these regions, stolde
was estimated to be less negative than spolde although the difference never reached significance,
just as with the main analysis.
Figure 4.6: Estimated MMN amplitude of the first peak for each region of the past tense stolde and its pseudoword
control spolde

In terms of latency, our linear mixed effect model estimated that the past tense stolde
peaked 9.96 milliseconds later than the control pseudoword spolde. This difference did not
reach significance (t [1.87] = 1.52, p = 0.28 with a 95% confidence interval from -22.83 to 2.90
milliseconds). None of the other coefficients of the model reached significance.
Regarding the results of the second, later MMN response, the best model included lexicality,
hemisphere, region and a lexicality-hemisphere interaction as fixed effects. The model estimated
the inflected verb stolde produced a less negative MMN amplitude than the pseudoword control
spolde by 0.02 µV. This difference, however, was very small and not significant (t [13.98] =0.1,
p = 0.92 with a 95% confidence interval from -0.43 to 0.39 µV). The direction of the difference
between the second MMN amplitude of stolde and its pseudoword control are in line with the
predictions of a syntactic MMN, whereby the complex word should produce a smaller MMN
amplitude than its pseudoword control. The lack of a significant effect, however, prevents us
from stating that the true difference between the two stimuli corresponds to a syntactic MMN.
The effect of region reached significance on the peripheral anterior versus peripheral
posterior contrast, where the former was estimated to have produced more negative MMN
responses by 0.56 µV (t [16.33] = 3.64, p = 0.002 with a 95% confidence interval from 0.26 to
0.86 µV). Frontal electrodes were more negative than the average of central and frontocentral
electrodes by 0.17 µV, which resulted in an almost significant difference (t [16.89] = 1.95, p
= 0.06 with a 95% confidence interval from -0.34 to 0.0008 µV). Frontal electrodes were also
estimated to be more negative than frontocentral electrodes by a mere 0.17 µV, which resulted
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in a difference on the border of significance (t [17.71] = 1.99, p = 0.06 with a 95% confidence
interval from -0.34 to -0.003 µV). The coefficients of the interaction with hemisphere did not
reach significance. These effects are in line with the patterns of distribution of the MMN (more
negative at frontocentral regions) and thus suggests the second MMN component is related to
the cognitive operations reflected by the earlier MMN response.

Sleepte

The best model to account for the difference in MMN amplitude between the grammatical past
tense sleepte and the ungrammatical *speelte has lexicality, hemisphere, region and a lexicalityhemisphere interaction as fixed effects (see Table 4.6). The model estimated that the grammatical
past tense sleepte produced a more negative MMN amplitude than the ungrammatical *speelte
by 0.24 µV. This difference was not significant (t [13.51] = 0.35, p = 0.73 with a 95% confidence
interval from -1.13 to 1.61 µV). The effect of hemisphere was due to responses being more
negative in the midline than at the sides by 0.43 µV (t [14.74] = 3.22, p = 0.006 with a 95%
confidence interval from -0.69 to -0.16 µV), while the effect of region was due to central
electrodes being more negative than peripheral ones by 0.65 µV (t [15.29] = 4.69, p = 0.0003 with
a 95% confidence interval from 0.38 to 0.93 µV). No other coefficient reached significance in
the model, including the coefficients for the interaction with hemisphere. Figure 4.7 shows the
estimated amplitude for the past tense sleepte and its pseudowords control across hemispheres.

Table 4.6: Coefficients of the best model to describe the difference in MMN amplitude between the past tense sleepte
and its ungrammatical control *speelte

(Intercept)
Gram. vs Ungram.
R. vs L. Hem.
R. & L. Hem. vs Midline
Cent. vs Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs Front.
Gram. vs Ungram.:R. vs L. Hem.
Gram. vs Ungram.:R. & L. Hem.

Estimate
-3.47
0.24
0.19
-0.43
0.65
0.41
-0.17
-0.29
-0.04
-0.20

SE
0.36
0.70
0.16
0.13
0.14
0.37
0.17
0.17
0.39
0.26

df
13.24
13.52
12.41
14.75
15.30
15.68
15.59
16.06
6.80
13.14

t value
-9.68
0.35
1.21
-3.22
4.69
1.09
-1.00
-1.69
-0.10
-0.77

p value
<0.001
0.73
0.25
0.01
0.00
0.29
0.33
0.11
0.92
0.46

SE = Standard error, df = Degrees of Freedom, Gram. = Grammatical, Ungram. = Ungrammatical, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central,
Per. = Peripheral, Ant. = Anterior, Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal
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Figure 4.7: Estimated MMN amplitude of the first peak for each hemisphere of sleepte and *speelte

Analyses using the z3 electrode set estimated the regular past tense to be smaller than
the pseudoword by 0.33 µV, just as the sMMN would predict. However, this difference was
again not significant (t [14.88] = 0.45, p = 0.66 with a 95% confidence interval from -1.77 to
1.10 µV). The best model using the z3 electrode set included lexicality, hemisphere and region
as fixed effects as well. However, this model also included a lexicality-region interaction that
was not present in the model with the complete electrode set. None of the coefficients of the
lexicality-region interaction reached significance.
The plot of Figure 4.8 shows that the interaction of lexicality with region on the z3 electrode
set shows that the past tense sleepte produced smaller MMN amplitudes on peripheral anterior,
frontal and frontocentral regions, while in central and centroparietal regions the past tense
verb seems to have produced more negative responses than the ungrammatical control. In
other words, the three more anterior regions show a difference between MMN responses
that conforms to the predictions of the syntactic MMN, while the two more posterior regions
show the opposite trend. It is worth noting, however, that none of these differences reached
significance.
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Figure 4.8: Estimated MMN amplitude of the first peak for each region of sleepte and *speelte with electrode set z3

Regarding the latency of the first peak, our linear mixed effect model estimated that the
grammatical sleepte peaked 6.73 milliseconds after the ungrammatical *speelte. This difference
was not significant (t [10.21] = 0.93, p = 0.38 with a 95% confidence interval from -20.99 to 7.53
milliseconds). None of the other coefficients reached significance.
The model that best described the difference between the amplitude of both stimuli on
the second, later MMN included only lexicality, hemisphere and region as fixed effects. The
model estimated the grammatical sleepte produced a more negative MMN amplitude than the
ungrammatical *speelte by 1.38 µV. This difference was significant (t [10.29] = 3.29, p = 0.007
with a 95% confidence interval from 0.56 to 2.20 µV). This result is opposite to the hypothesis
that a regularly inflected past tense verb such as the Dutch speelte should produce a MMN
amplitude that is smaller than an ungrammatical control. Indeed, the statistical significance
of the difference suggests that sleepte produced a lexical MMN. Hemisphere and region had
significant coefficients in the expected directions, with more negative responses in the midline
and in frontal regions.

4.7.3

MMN on the derived noun

The best model to account for the difference in MMN amplitude between the derived noun
zwaarte and the pseudoword spalte included lexicality, hemisphere, region and a lexicalityhemisphere interaction as fixed effects (see Table 4.7). The derived noun was estimated to
be less negative than the pseudoword control by 0.41 µV. This difference, however, was not
significant (t [9.48] = 0.75, p = 0.47 with a 95% confidence interval from -1.46 to 0.65 µV). The raw
difference and confidence intervals are compatible with a syntactic MMN, and thus suggests
decomposition of the surface-form zwaarte. However, the overall lack of statistical significance
prevents us from concluding zwaarte is indeed decomposed.
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Table 4.7: Coefficients of the best model to describe the difference in MMN amplitude between the derived noun
zwaarte and its pseudoword control.

(Intercept)
W. vs PW.
R. vs L. Hem.
R. & L. Hem. vs Midline
Cent. versus Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs Front.
W. vs PW.:R. vs L. Hem.
W. vs PW.:Sides vs Midline

Estimate
-3.31
-0.41
-0.17
-0.38
0.41
0.10
-0.07
-0.02
-0.46
0.08

SE
0.33
0.54
0.17
0.11
0.10
0.21
0.12
0.12
0.14
0.21

df
13.35
9.48
12.09
13.32
13.41
13.16
13.86
15.66
11.79
13.19

t value
-10.06
-0.75
-0.98
-3.40
4.17
0.46
-0.59
-0.17
-3.34
0.38

p value
0.00
0.47
0.34
0.00
0.00
0.65
0.56
0.87
0.01
0.71

SE = Standard error, df = Degrees of Freedom, W. = Word, PW. = Pseudoword, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central, Per. = Peripheral,
Ant. = Anterior, Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal

The effect of hemisphere was due to the midline having more negative responses than the
sides by 0.38 µV (t [13.31] = 3.41, p = 0.005 with a 95% confidence interval from -0.60 to -0.16
µV), while the effect of region was due to responses being more negative in central than in
peripheral regions by 0.41 µV (t [13.40] = 4.17, p = 0.001 with a 95% confidence interval from
0.22 to 0.60 µV). The interaction between lexicality and hemisphere was due to the left versus
right contrast (t [11.79] = 3.34).
Linear mixed effects models carried out on the left and right hemisphere separately estimated
that the derived word zwaarte produced a smaller MMN response than its pseudoword control.
This difference did not reach statistical significance in the right hemisphere (0.17 µV, t [9.66]
= 0.33, p = 0.75 with a 95% confidence interval from -1.18 to 0.84 µV). However, at the left
hemisphere the difference became larger, with the derived noun eliciting a less negative MMN
response by 0.75 µV. This difference, however, also failed to reach statistical significance (t
[10.04] = 1.47, p = 0.17 with a 95% confidence interval from -1.75 to 0.25 µV). The estimation
made by the statistical model that zwaarte yielded a less negative MMN response overall, and
especially in the electrodes of the left hemisphere, is in line with what would be expected of
a syntactic MMN. Figure 4.9 shows how the difference between zwaarte and the pseudoword
spalte becomes more pronounced in the left hemisphere.
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Figure 4.9: Estimated MMN amplitude of the first peak for each hemisphere of zwaarte and spalte

The analysis with the z3 electrode set revealed a slightly different pattern of responses. The
best model to account for this dataset included the same fixed effects of lexicality, hemisphere
and region, but the interaction of lexicality was now with region instead of hemisphere. The
model estimated that the derived noun zwaarte was less negative than the pseudoword by 0.43
µV. The difference was not significant (t [12.88] = 0.87, p = 0.40 with a 95% confidence interval
from -1.41 to 0.55 µV). The coefficients of the hemisphere effect did not reach significance,
while the effect of region was due to central electrodes having more negative responses than
peripheral ones by 0.43 µV (t [12.24] = 4.19, p = 0.001 with a 95% confidence interval from 0.23
to 0.63 µV).
The lexicality-region interaction in the z3 set was due to the difference between central and
peripheral regions (t [12.65] = 1.94, p = 0.06). Linear mixed effect models generated separately
on central and peripheral electrodes showed that the directionality of the syntactic MMN was
consistent across regions, but the effect was more pronounced in central regions. In peripheral
electrodes (anteriofrontal plus centroparietal and Pz) the derived noun was estimated to be
0.30 µV less negative than the pseudoword control. This difference was not significant (t [10.64]
= 0.59, p = 0.56 with a 95% confidence interval from -1.27 to 0.68 µV). In central electrodes,
zwaarte was estimated to be 0.57 µV less negative than the pseudoword control. This difference
also failed to reach significance, but it was larger than the difference in peripherals (t [12.39]
= 1.18, p = 0.26 with a 95% confidence interval from -1.52 to 0.38 µV). Figure 4.10 shows the
estimated MMN amplitude in the z3 electrode set for the derived zwaarte and the pseudoword
spalte, where the aforementioned interaction can be clearly seen.
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Figure 4.10: Estimated MMN amplitude of the first peak for each region of the z3 set of zwaarte and spalte.

In terms of latency, we observe the same result as in all other conditions. The best model to
account for the difference in latency between zwaarte and spalte included lexicality, hemisphere,
region and a lexicality and hemisphere interaction as fixed effects. This model estimated that
the derived noun peaked 7 milliseconds after the pseudoword control. This small difference
did not reach significance (t [13.71] = 1.09, p = 0.19 with a 95% confidence interval from
-5.91 to 20.72 millisecond). The effect of region was due to central electrodes peaking 3.27
milliseconds before peripherals (t [25.15] = 2.69, p = 0.01 with a 95% confidence interval from
0.89 to 5.65 milliseconds) and peripheral posterior peaking 11.30 milliseconds before peripheral
anterior electrodes (t [13.18] = 2.61, p = 0.02 with a 95% confidence interval from -19.79 to -2.81
milliseconds). None of the other coefficients reached significance.
The best model to account for the difference in amplitude of the second, later MMN between
zwaarte and spalte included lexicality, hemisphere, region and lexicality-hemisphere interaction
as a fixed effect. The model estimated that zwaarte, contrary to the first MMN, produced a more
negative MMN amplitude than spalte by 0.59 µV. This difference was not significant (t [12.56] =
1.59, p = 0.14 with a 95% confidence interval from -0.14 to 1.31 µV).
The effect of hemisphere was due to the midline electrodes being more negative than the
sides by 0.44 µV (t [15.15] = 3.44, p = 0.003 with a 95% confidence interval from -0.69 to -0.19
µV). The effect of region was due to central electrodes having more negative MMN responses
than peripheral electrodes by 0.29 µV (t [14.57] = 3.10, p = 0.008 with a 95% confidence interval
from 0.11 to 0.47 µV).
The interaction with hemisphere was due to the left versus right contrast (t [13.45] = 2.28, p
= 0.04). We ran linear mixed effects models on the left and right hemispheres separately. Our
models estimated that zwaarte had a more negative second MMN than its pseudoword control
in both hemispheres. However, in the left hemisphere the difference was not significant (0.22
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µV. t [11.69] = 0.60, p = 0.56 with a 95% confidence interval from -0.51 to 0.96 µV), whereas at
the right hemisphere the difference was larger (0.72 µV) and was close to statistical significance
(t [10.87] = 2.00, p = 0.07 with a 95% confidence interval from 0.013 to 1.44 µV). Interestingly, the
sMMN effect was reversed in the second MMN, where a lexical MMN effect appears between
zwaarte and spalte, as can be seen in Figure 4.11.
Figure 4.11: Estimated MMN amplitude of the second peak for each hemisphere of zwaarte and spalte.

4.8

Conclusions

One of the goals of our research was to test the use of the MMN response to assess the strength
of memory traces of (morphologically complex) words in Dutch, as previous research had
shown for other languages (Pulvermüller & Shtyrov, 2006). The purpose of such a test was to
confirm the MMN response can distinguish sound strings that are present in Dutch speakers’
lexical memory from those sound strings that do not have memory traces in lexical memory.
Our interest in testing this research paradigm rested on the assumption that words which are
decomposed in the earliest stages of word processing should have weaker memory traces than
non-existing sound strings like pseudowords and ungrammatical words, as previous research
had shown (Bakker et al., 2013; Leminen et al., 2013). Therefore, by showing that the MMN
paradigm can distinguish sound strings that are stored in the lexicon from sound strings that
are not, we can be sure the MMN response is tapping the memory trace of stored lexical items.
With this in mind, we set out to compare the amplitude of MMN responses elicited by two
monomorphemic nouns (seconde and sekte) and three morphologically complex Dutch words:
Two past-tense verbs (stolde and sleepte) and one derived noun (zwaarte).
The MMN responses elicited by our experimental stimuli were distributed across a wide
range of electrodes, spanning 5 regions and the left and right hemispheres plus the midline. Our
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analyses showed that the MMN response can vary across regions and hemispheres, and that
taking this variation into account can help in examining how words differ from their controls at
the early stages of processing that are tapped by the MMN response.
To our surprise, the variable of latency showed very similar results across conditions, although none of the effects were statistically significant. We also observed, in line with previous
MMN research, the presence of a second, late MMN (Leminen et al., 2013; Pulvermüller & Shtyrov, 2003). Both early and late MMN responses allowed us to compare how monomorphemic
nouns, past tense verbs and a derived noun are processed during early and slightly later stages
of word processing. Table 4.8 shows our predictions and our results for the first MMN peak.
The table is a confirmation that when using the lexical and syntactic MMN responses to predict
experimental outcomes, they should be studied in detail across the brain. The results of the
second MMN peak, for which we had no predictions, are summarized in Table 4.9.
Table 4.8: Predictions and results of first MMN peak
Condition
seconde vs spolde
sekte vs spalte
stolde vs spolde
sleepte vs speelte
zwaarte vs spalte

Prediction 1st peak
Lexical MMN
Lexical MMN
Syntactic MMN
Syntactic MMN
Lexical MMN

Result 1st peak
Non-significant lexical MMN on right hemisphere
Significant lexical MMN on right hemisphere
Non-significant syntactic MMN at anterior, lexical MMN at posterior
Syntactic MMN on anterior, lexical MMN on posterior with z3 electrode set
non-significant left hemisphere sMMN

Table 4.9: Results of second MMN peak
Condition
seconde vs spolde
sekte vs spalte
stolde vs spolde
sleepte vs speelte
zwaarte vs spalte

2nd peak
Lexical MMN
Lexical MMN (reversed on right hemisphere)
Almost equal MMN responses
Lexical MMN
Right hemisphere lexical MMN

Regarding our monomorphemic words, we expected existing words should produce, according to the literature on lexical MMN (Pulvermüller & Shtyrov, 2006), more negative MMN
amplitudes than their pseudoword controls. Although both seconde and sekte were estimated to
have more negative MMN than their controls, the difference between these nouns and their
pseudoword controls was not significant. However, when taking into account the variation
of the response across the brain, we found a significant lexical MMN response on the right
hemisphere for sekte, and a trend showing the same effect for seconde (although we cannot state
that is the case as we obtained no statistical significance at the right-hemisphere for seconde).
The consistency in the location of both lexical MMN effects supports the hypothesis this
hemisphere-specific effect was due to the processing of monomorphemic words, and not because
of other non-lexical factors, such as acoustic features of the stimuli. The lexical MMN reported
in chapter 3 also followed this pattern (although these results also failed to reach statistical
significance), and the MMN obtained from the monomorphemic word hide by Leminen et al.
(2013) also suggests there might be a right-hemisphere effect in lexical MMN in languages like
Dutch and English.
The results of our past tense verbs do not allow for a straightforward interpretation. Based
on previous results and discussions in the MMN literature, we defined the syntactic MMN as a
difference between grammatical and ungrammatical/pseudoword stimuli, such that the former
yield smaller MMN amplitudes than the latter. This was not always the case in our general
analysis. Our statistical model estimated that the regular past tense stolde produced a smaller
MMN than its pseudoword (i.e a syntactic MMN) only at the peripheral anterior region and on
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the second, later MMN. Both these differences, however, were not significant. The other regular
past tense, sleepte showed a non-significant lexical MMN on the complete electrode set. Only
removing the electrodes furthest away from the midline, using the z3 electrode set, revealed
that the past tense sleepte was estimated to have produced syntactic MMN effects on the three
more anterior regions, while producing lexical MMN effects on the two more posterior regions.
None of these estimated differences, however, were significant. We can therefore only report on
the estimated difference of the words used in this experiment. The overall results of our past
tense verbs do not support the existence of a syntactic MMN for these two regular past tense
Dutch verbs.
Our derived noun, zwaarte also showed unexpected results. While there are theories that
assume all morphologically complex words, including derivations, are decomposed (Taft, 2004;
Stockall & Marantz, 2006), most experimental evidence, especially within the MMN field,
suggests derived words have surface-form lexical representations (Bozic & Marslen-Wilson,
2010; Leminen et al., 2013; Hanna & Pulvermüller, 2014). The same is the case for previous
psycholinguistic evidence from Dutch, which showed that derived words have surface-form
representations (Bertram et al., 2000). Consequently, we expected our derived noun to produce
a lexical MMN. Our statistical models, however, estimated zwaarte to have produced smaller,
less negative MMN responses than its pseudoword control, especially on the left hemisphere.
This difference, however, was not significant. Based on the estimated difference for this particular word, we could speculate there is some evidence suggesting the memory trace for the
surface-form of the word is not part of Dutch speakers’ lexical memory, and that, therefore, the
derived noun is decomposed into its constituent elements when being processed. We do not
have empirical evidence for this suggestion (due to the null statistical results) and cannot claim
this is the case for all derived words in Dutch.
We were surprised by the small effect sizes of latency. All our tests showed considerably
small differences between the peaks of each MMN, although all words, regardless of complexity,
were always estimated to peak after their pseudoword controls. Since the literature on decomposition assumes this process takes additional processing time, we expected to find higher
latencies for words that produced syntactic MMN responses. However, because we did not
elicit any statistically significant syntactic MMN response, we cannot test this hypothesis. It is
also possible that the nature of the MMN paradigm, which requires participants to listen to
the critical stimuli hundreds of times, might cancel out the extra processing time required to
process recently heard pseudowords.
The second, later MMN showed similar results to the earlier peak, but also marked differences. Both monomorphemic nouns produced a lexical MMN in the second peak as well as in
the first, although the lexical MMN of sekte disappeared in the electrodes of the left hemisphere.
As for the past tense verbs, the second MMN seems to be less prone to showing evidence of
decomposition. The small effects indicating a syntactic MMN for our past tense verbs and
derived noun became small or downright reversed for the second MMN.
The most interesting result concerning the second, late MMN comes from the derived noun.
While the early MMN shows non-significant evidence pointing to decomposition of the derived
noun, the late MMN indicates the surface-form of zwaarte is sensitive to this component. A
dissociation between early and late responses during morpologically complex word processing
is precisely what is predicted by the automatic decomposition theory of Taft (2004). These
results, therefore, add some more evidence to this theory, and could be used to explain why the
experiments carried out in Dutch were unable to find evidence for decomposition. If zwaarte
shows partial evidence of decomposition only at the earliest stages of word processing, but
shows evidence of surface-form representation at later stages of processing, one could assume
the lexical decision tasks used by Bertram et al. (2000) were unable to tap early enough into
the time course of Dutch lexical processing, failing to find evidence for the early, automatic
decomposition we seem to have found using the MMN paradigm. This, however, fails to
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account for the lack of evidence for decomposition of the two regular past tense verbs in this
experiment. Assuming the partial evidence found in this experiment supports the hypothesis of
decomposition of the derived noun, it would also be incompatible with the evidence published
by Hanna and Pulvermüller (2014) and Leminen et al. (2013), who showed that derived forms
elicit lexical MMN responses.
Overall, we can conclude that we were unable to use the MMN paradigm as a tool to study
the representational status of lexical memory traces in Dutch, although the non-significant
estimated differences of our models do support the possibility that lexical MMN responses can
be elicited in Dutch.
Perhaps the use of linguistically complex stimuli in this paradigm requires new approaches
to the analysis of MMN differences between experimental and control stimuli. Indeed, most of
the results that were of interest to us were found thanks to the inclusion of hemisphere and
region variation in our statistical models. Had we followed other choices of analysis, such as
using the midline electrode(s) only, we would have missed a great deal of information. Our
findings add evidence to the claim that the MMN response can distinguish monomorphemic
words from pseudowords. This is an important pre-requisite to disentangle physical from truly
linguistic effects in experiments of language processing.
Regarding morphologically complex words, we believe that while our evidence does not
fully support the predictions based on a decompositional account, it does give enough evidence
to speculate these words are processed differently from monomorphemic ones. This, however,
is only speculation. Replications of this study are needed where more past tense and other
Dutch complex words are examined with the MMN paradigm to establish whether Dutch
processing of morphologically complex words is really different from the one observed in
similar languages.
Regarding the derived noun zwaarte, it could be argued that the non-significant syntactic
MMN effect supports the claim this derived word could be decomposed during processing.
While this is not compatible with the claim that derived words are lexically stored, it could
be the case this particular noun was decomposed because of the low frequency of its suffix.
The rule that turns adjectives into nouns with the -te is fairly uncommon. Dutch uses the
suffixes -heid, -ist and -(i)teit, to name a few, more commonly than -te suffix to derive nouns
from adjectives. A low frequency of occurrence of this derivational paradigm could favour the
decompositional route for such words. On the other hand, words inflected with less productive
suffixes are better candidates for a surface-form storage of their complex forms. Overall, we do
not have enough evidence to favour one hypothesis over the other.
The difference between the first and second MMN of the derived noun zwaarte also suggest
that previous findings in Dutch might have been influenced by the lack of an appropriate
temporal resolution used in behavioural tasks. We found that the partial and non-significant
evidence for a syntactic MMN was reverted in the later MMN component. In the second time
window, zwaarte showed evidence of a (non-significant) lexical MMN. This difference suggests
that timing might be an important factor to differentiate constituent-based from surface-form
effects in morphologically complex word processing. Confirming evidence from other experimental paradigms that can also tap into the earliest stages of word processing would provide
more evidence to establish whether Dutch makes use of a decompositional mechanism to
process morphologically complex words or not.
The MMN paradigm stands as a promising tool to probe the earliest stages of lexical processing. However, more studies are needed across languages to know how the MMN component
reacts to morphologically simple and complex words across languages in a systematic fashion.
We were only able to replicate the tendencies of the lexical MMN response, and only partially
some of the syntactic MMN effects. Further replications using this paradigm will elucidate
whether our lack of statistically significant results was due to an inability of the lexical and
syntactic MMN responses to tap into the access and processing of Dutch words, or whether our
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effects were masked because of lack of statistical power or other design factors.

CHAPTER

5

Early processing of Dutch gender and number agreement:
cognitive mechanisms probed by the MMN response

5.1

Introduction

Syntax is a broadly used term in linguistics, meaning roughly something like the way in which
atomic linguistic elements are combined with each other to make phrases and sentences. Well
established linguistic theories have agreed that language shows nonlinear, hierarchical relations
among its constituents and that these relations follow systematic patterns which could be
described as rules of language (Newmeyer, 2003, 2014). For example, it is claimed that the
√ verb
’to work’ turns into the past tense ’worked’ by means of a rule that transforms the root ( work).
However, empirical studies of cognition, brain and language have re-examined the notion of
a linguistic rule from the point of view of its psychological reality (its ontological status). A
debate has ensued about whether the rules of language are explanatory constructs used by
linguists to describe the way language behaves, or whether these rules are instantiated in the
neurobiology of language, just like sound and meaning are assumed to be.
Those who question the psychological reality of rules often adopt a domain-general approach to language, whereby the systematicities and regularities of language structure would
be picked up by general cognitive mechanisms that are sensitive to regularities in the environment (Ellis & Larsen-Freeman, 2009; Baayen et al., 2011). Crucially, this view does not rely on
language-specific principles or mechanisms to account for language acquisition, and it could
be argued the same applies to processing. Specifically, proponents of such a view place great
emphasis on the capacity of humans to pick up regularities from the environment in an implicit
way, regardless of whether such regularities are linguistic or of a different nature. Pearl and
Lidz (2009) argue that while domain-general learning mechanisms can be powerful cognitive
tools in the acquisition of linguistic knowledge, they are not enough to completely account for
language acquisition.
Domain-general views of language have been reinforced by theories of language acquisition
that aim to explain the phenomenon by means of cognitive mechanisms that are able to acquire
an adult grammar via implicit learning of the statistics of linguistic co-occurrences (Aslin,
Saffran, & Newport, 1999). Although these theories of acquisition do not rule out the emergence
of rules once the linguistic system has settled on a particular configuration, there are theories
of language storage and processing that also invoke these cognitive-general mechanisms to
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claim there is no level of language organization at which there are morphological or syntactic
rules (Bybee, 1998). Such theories hold that by keeping track of the statistical distribution of
linguistic units and their co-occurrences, our brains can generate a seemingly structured stream
of words that follows the patterns of previously encountered streams (Baayen et al., 2011).
In this view, the concept of grammaticality (the adherence to predefined rules or principles
of organization) turns out to be a graded concept that reflects probability likelihoods that
certain word combinations can be found in the target language, given all the previous word
combinations that have been encountered before.
On the other hand, theoretical studies of language structure hold that there are principles
of organization that apply to linguistic structure, and that therefore these ’rules’ of language
must be instantiated as real biological objects, just like sound and meaning are (Lenneberg,
1967; Hauser, Chomsky, & Fitch, 2002). While this view is more in line with the bulk of work
in modern linguistics, the burden of empirical proof lies on this side of the debate. Consequently, several experimental designs have been put forth to probe the mechanisms used by
native speakers to process language structure, using both behavioural (e.g. response times and
accuracy) as well as neurophysiological (EEG, EMG, fMRI) responses.
The debate has been more intense in the field of single word processing, perhaps because it
seems more feasible to hold that only sound and meaning are necessary to process a single word,
and therefore that an additional morphological level is not needed. Indeed, all camps would
agree that the processing of a monomorphemic word involves the retrieval of a sound-meaning
pair and not much else. The debate instead has focused on morphologically complex words (e.g.
words with suffixes). Those who view language as a collection of sound and meaning only, make
no qualitative distinction between a monomorphemic word like book and a morphologically
complex word like books. Both would be two different, semantically related words, each with
its own neural representation. On the other hand, those who believe the word books is the
result of a grammatical operation by which the word book is√transformed into books consider
these two words as the expression of a single memory trace ( book). The plural would be the
result of accessing the memory trace of the root word plus the application of a rule (attach -s to
indicate ’more than one’) on that memory trace. Researchers from both sides have developed
experimental paradigms to compare brain responses to morphologically simple and complex
linguistic stimuli. However, evidence has so far accumulated on both sides of the debate.
A similar discussion takes place at the level of syntax. Given a minimal sentence like He
walks, the question arises as to whether the final -s in walks is just a different ending of the
verb walk or whether it is there because organizational principles of language transformed the
verb stem walk into walks. These two different hypotheses about language can be translated, in
the processing domain, to a question about decomposition, both at the morphological as well
as at the syntactic level. If the word books is made of two constituent elements (a noun stem
and a grammatical suffix), then the language processing mechanism should be sensitive to this
compositionality of the word, thereby decomposing the acoustic stream into the constituent
elements to then retrieve each memory trace. However, if the word books has an independent
neural representation from the singular book, there should be no such decomposition process,
and the neural representation of the whole word should be retrieved.
Similarly, in the domain of syntax, if we assume there are no a priori organizational principles of language, a string like He reads should be processed as two co-occurring words with no
structural relation to each other. If, however, we assume the mechanism of language processing
is sensitive to the compositionality of the string, it should decompose the string into the subject
pronoun he and the inflected verb reads, reconstructing the verb stem read from the agreement
operation that transformed it into reads in the first place. However, showing that a word can have
an effect on the processing of another co-occurring word can be explained by both theories. The
fact that two words co-occur together, like he and reads can be either explained as both having a
high probability likelihood of being together, or by the pronoun exercising a transformation on
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the verb to make it comply with organizational principles of language (rules).
The purpose of the experiment covered in this chapter is to use the syntactic mismatch negativity (sMMN) EEG response to probe two types of syntactic constructions in Dutch: Number
and gender agreement. Based on previous findings, we expect to elicit distinct responses for
grammatical and ungrammatical instances of both types of agreement, while also comparing,
within grammatical strings, those with a high and with a low statistical probability of being
encountered in language use.

5.2

Previous findings

As argued in section 2.4 of Chapter 2, lexical decision tasks are temporally ill-suited to tap
into the access and processing of (morphologically complex) lexical representation. We argue
that this might be the reason why the accumulated evidence using behavioural methods like
lexical decision tasks supports even contradictory hypotheses (see, for example, the overview of
the past tense debate (McClelland & Patterson, 2002; Pinker & Ullman, 2002)). Indeed, studies
suggest morphosyntactic information is processed very early in word processing, within the
first 200 milliseconds after word onset (Hanna et al., 2014; Lucchese, Hanna, Autenrieb, Miller,
& Pulvermüller, 2017)).
Once it was established that the MMN reflected strength of memory traces, it was used to
probe the representational status of words that form a part of larger constructions, such as
inflected words and sentences. Shtyrov and Pulvermüller (2002) compared the MMN elicited by
the verb come and comes, and found the third person suffix -s produced an MMN that indicated
a stored memory trace, suggesting not only words, but also suffixes have memory traces that
can be probed with the MMN. In a similar experiment, Pulvermüller and Shtyrov (2003) elicited
MMN responses from words that were part of larger syntactic constructions. They compared
the MMN elicited by the verb come when it was either preceded by noise or by the pronoun we.
They found that the verb preceded by the pronoun elicited a significantly smaller (less negative)
MMN than the verb in isolation. They assumed this was due to sequence detectors that worked
at the neural level and that are sensitive to the order in which information is processed. In this
case, these sequence detectors are assumed to be sensitive to the fact that the verb come can
potentially follow the pronoun we, thereby reducing the activation level of the memory trace,
in a way similar to how primes reduce the response time to targets in priming experiments.
These two findings are evidence that the MMN response is also sensitive to the grammatical
complexity of linguistic constituents, be they morphemes inserted in larger words or words
inserted in larger syntactic objects.
The reduction in MMN amplitude by grammatical syntactic constructions was labelled
syntactic mismatch negativity (sMMN). Despite the name, there was no evidence that syntactic
operations were responsible for the reduced MMN elicited by the second constituent in the
syntactic construction. In any case, the sMMN showed that words embedded in syntactic constructions showed a different pattern of responses than words in isolation. Such evidence was
considered relevant for models trying to describe the mechanisms involved in the processing of
different words and word combinations. In other words, the sMMN showed that the memory
traces for words are not all stored and retrieved in the same way, and that the syntactic role
they play while being processed determined the type of brain response they elicit.
Having established that words in syntactically correct contexts elicited a diminished activation of the memory trace compared to ungrammatical controls, researchers set out to replicate
the findings in other languages and types of syntactic constructions. The sMMN response was
replicated with word pairs in the context of subject-verb agreement and word combination at
the phrasal level in German with strict acoustic controls (Hasting et al., 2007) and with increased
stimulus variability (Hasting, Winkler, & Kotz, 2008).
Pulvermüller and Assadollahi (2007) addressed the question of the mechanisms responsible
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for the sMMN response. They set out to elicit an sMMN response from gender and case agreement article + noun combinations that were either grammatical (die Wut (’the rage’, singular,
feminine gender, nominative and accusative case) and der Mut (’the courage’, singular, masculine gender, nominative case) or ungrammatical (die Mut). Additionally, they also included
a grammatical but highly low-probability combination (der Wut). This is a word combination
that is technically grammatical but that is seldom encountered in language use, as attested by
their normalized sequential probability (NSP). They predicted that, if the sequence detectors
responsible for the sMMN response were calculating probabilities of co-occurrence, then the
grammatical versus ungrammatical distinction should be a graded one that depends on how
likely given word combinations are, based on what has been previously encountered by the language user. On the other hand, if the sequence detectors are sensitive to the discrete adherence
to grammatical rules, then the distinction between grammatical and ungrammatical should be
discrete instead of continuous, and therefore unaffected by probability of occurrence in actual
language use.
They found that while there was a significant difference between grammatical and ungrammatical strings, with the latter being smaller (sMMN), there was no difference between
grammatical strings with high and low NSP. This was taken as evidence that the grammatical
versus ungrammatical distinction the sMMN is sensitive to is discrete and not continuous. In
other words, the sMMN response stems from a sensitivity of neurons to word combinations that
follow discrete principles of organization or, in more linguistic terms, morphosyntactic rules.
Herrmann, Maess, Hasting, and Friederici (2009) replicated these findings (also in German)
with a multi-feature paradigm, thus adding to the generalizability of the results.
Pulvermüller and Shtyrov (2003) proposed an explanation based on the notion of neural
sequence detectors. These would be neuron populations that are sensitive not only to the
occurrence of certain stimuli, but to the sequential order with which stimuli have been previously encountered. Syntactic agreement can indeed be described as the co-occurrence of certain
markers (e.g. the presence of a -t at the end of the verb when the subject is a third person
singular in the case of Dutch), and so these neural-sequence detectors could be responsible for
priming the response to an element which is known to co-occur with specific preceding units,
thereby reducing the amplitude of the MMN response. The notion of neural sequence detectors
is compatible with theories that assume language processing is carried out by general cognitive
mechanisms and not by mechanisms or principles specific to language (Rogers & McClelland,
2004; Baayen et al., 2011).
However, several linguistic theories (Halle & Marantz, 1993; Chomsky, 2014; Ullman et
al., 1997) claim the principles that guide the processing and formation of syntactically and
morphologically complex constructions are language-specific, discrete principle that are not
affected by co-occurrences of the environment, but by principles of linguistic computation.
As discussed above, both the work of Pulvermüller and Assadollahi (2007) as well as that of
Herrmann et al. (2009) showed that the distinction between grammatical and ungrammatical
strings is a discrete one, unaffected by the probability of co-occurrence of the lexical items
involved. We aimed at replicating the same findings within the Dutch number agreement
condition of our experiment.
Dutch is a language that has shown little evidence for morphological decomposition at
the word-internal level (Bertram et al., 2000; Keuleers et al., 2007). We therefore believe it is
interesting to test whether Dutch shows evidence of rule-based processing at the syntactic
level, given that the sMMN has been mainly found in Germanic languages. In what follows we
describe the design we will use to elicit sMMN responses from number and gender agreement
conditions, as well as comparing the MMN elicited by high and low probability grammatical
constructions with number agreement.
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5.3

The present study

The overall aim of this study is to test whether the sensitivity of the MMN response to the
grammatical context of words can be replicated in Dutch number and gender agreement
contexts. In doing so, we also aim to investigate the cognitive process behind the syntactic
MMN response. To this end, we will compare the two instances of syntactic constructions that
have been used in previous experiments: Number and gender agreement. We expect that words
inserted in grammatical contexts, on account of being recognized as part of a larger syntactic
construction, will show a smaller MMN to the verb than ungrammatical strings. Secondly,
we will probe the mechanism responsible for the MMN reduction to grammatical strings
by comparing high and low probability grammatical sequences of number agreement and
inspecting whether their probability of word co-occurrence can influence the MMN response to
grammaticality.
In order to probe the sensitivity of the MMN to words in syntactic contexts in Dutch, we
will compare the amplitude of the MMN response to words embedded in gender and number
agreement. The gender agreement condition consists of a noun phrase made up of an indefinite
article, a gender-marked adjective and the critical noun which will be used to elicit the MMN
response. We hypothesize that the mechanisms of language processing will recognize the
compositionality of the noun phrase such that by the time the noun is heard, the activation of its
memory trace will have been primed by the parsing of the phrase, thus resulting in a reduced
MMN response compared to an ungrammatical version of the same construction. A similar
design is used for the number agreement condition, except this syntactic context is composed of
a preceding pronoun and an inflected verb. Again, we expect the MMN response to the critical
verb will be reduced when preceded by a matching (in number agreement) pronoun, compared
to when preceded by an incorrect pronoun for the number inflection of the verb.
The question about the cognitive process behind the syntactic MMN component will be
examined within the number condition agreement. There, we included, in addition to the
grammatical and ungrammatical pronouns, a grammatical pronoun that is highly unlikely to
be encountered next to the inflected verb we are using. This combination is acceptable from
a discrete grammatical point of view, but it has an extremely low probability of occurrence
from a usage-based perspective. If the syntactic MMN is sensitive to discrete categories of
grammaticality, then we expect this uncommon string to elicit a reduced MMN response, just as
the more common grammatical string. If, however, the syntactic MMN is sensitive to statistical
properties of word combinations, we should see the uncommon string producing an MMN
response larger than its ungrammatical control.

5.4

Methods

The first aim of the current study was to investigate whether gender and number agreement
violations would evoke an sMMN response in Dutch. This was tested by recording brain
potentials evoked by an oddball paradigm and subsequently analysing the MMN response. The
two types of syntactic violations and their corresponding control conditions were designed in
such a way that each sentence and each word were completely unambiguous, to avoid varying
interpretations. In addition, to control for acoustic differences, the acoustic features of each
word were matched as well as possible.

5.4.1

Participants

Twenty right-handed monolingual native speakers of Dutch (ages ranged from 18-45. Mean age
was 25.7, 8 males) with normal hearing (except one who had a 20 % hearing loss in her left ear)
and without any reported attentional or language disorders were recruited via advertisements
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on the internet, university boards and posters in Amsterdam. Participants gave their written
consent before the experiment and were paid a total amount of 30 euros for their participation
(15 euros per session). The study was approved by the Ethical Committee of the Faculty of
Humanities of the University of Amsterdam.

5.4.2

Materials

Gender
To test whether an sMMN could be demonstrated for gender agreement, an oddball paradigm
was designed that consisted of two standard stimuli, which were repeated multiple times, and
a deviant stimulus that occurred occasionally. In Dutch, any adjective preceding a common
gender noun should be inflected with an adjectival -e. When, in such an instance, the adjective is
not inflected, the string is rendered syntactically incorrect, since the adjective without the suffix
indicates a gender neutral word. For our experiment, the adjective klein ’small’ was chosen to
precede the masculine noun boot ’boat’. The indefinite article een ’a’ was added to precede the
adjective, so as to have a syntactically complete structure. We chose an indefinite article over a
definite one, because the indefinite article can be combined with both common and a neutral
nouns, whereas definite articles can be paired with only one gender form depending on the
article chosen (de or het). In this way, the participant could not know whether the adjective was
syntactically correct up to the point where the noun was presented.
This design resulted in the following sequences: een klein boot (syntactically incorrect) and
een kleine boot (syntactically correct). The standards were een klein and een kleine and the deviant
was boot (see Table 5.1). This design allowed us to probe whether the MMN to the deviant boot
would differ when preceded by the grammatically correct standard een kleine as opposed to the
grammatically incorrect standard een klein.
The restrictions within this adjusted oddball paradigm were the following. In between any
two deviants, there were a minimum of three up to a maximum of eight standard stimuli.
The distribution of the standards was pseudo-randomized, in such a way that each standard
occurred at least once in between two deviants. In addition, the standard immediately preceding
a deviant was presented twice, to ensure a stable context for the deviant. The remainder of
the standards was distributed randomly. Lastly, it was made sure that each standard provided
context for 140 deviants, to ensure sufficient statistical power.
To realize the stimuli of the gender condition, a natural sounding instance of een kleine
was chosen from multiple recordings of a trained female native speaker of Dutch. To realize
the second standard, the same instance of een kleine was taken, but the schwa at the end was
removed, so that een klein remained. This allowed us to have the two standards be identical up
to the point where the schwa appeared (Figure 5.1). The most natural sounding instance of boot
was selected for the deviant.
Table 5.1: Standard and deviant stimuli across conditions

Gender Grammatical
Gender Ungrammatical
Number Grammatical
Number Ungrammatical
Number Uncommon

Standard
een kleine
*een klein
je
*we
deze

Deviant
boot
boot
ziet
ziet
ziet

Early processing of Dutch gender and number agreement: cognitive mechanisms
probed by the MMN response
97
Number
To test whether an sMMN response could be elicited in number agreement constructions in
Dutch, an oddball paradigm similar to the gender agreement paradigm was designed. To
obtain a number agreement violation, two pronoun–verb combinations were used. The first
combination consisted of the singular pronoun je ’you’ (second person, singular), which was
followed by a verb inflected with the suffix –t, which is the verbal morpheme required for the
second and third person singular. The second structure consisted of the plural pronoun we ’we’,
which was followed by a verb inflected with the third person, plural suffix –t, resulting in an
ungrammatical string.
The resulting sequences were: je ziet ’you see’ (syntactically correct) and *we ziet ’*we sees’
(syntactically incorrect). The standards were the two personal pronouns (je and we). The deviant
was the verb ziet ’see’. This design allowed us to probe whether the MMN to the deviant
ziet would differ when preceded by the syntactically correct standard je as opposed to the
syntactically incorrect standard we.
To investigate possible underlying mechanisms to the sMMN, we added a third pronoun,
deze ’this one’, to the number condition (see Table 5.1). The combination of this pronoun and
the inflected verb ziet, is grammatically correct, however rarely used in the Dutch language
and thus has a very low NSP. The NSP of deze ziet, calculated by dividing the frequency of the
sentence deze ziet by the product of the individual frequencies of deze and ziet (Pulvermüller
& Assadollahi, 2007), is 3.74. All lexical frequencies used were extracted from the Corpus
Gesproken Nederlands (Oostdijk, 2000).
We attempted to calculate the NSP of je ziet, but the calculation stopped after analysing
15% of the corpus, given the high amount of hits for the pronoun je. At 15%, of the corpus,
the NSP of je ziet was 832, which is considerably higher that the NSP of deze ziet. Therefore,
even though the calculation of the NSP of je ziet was not based on the entire corpus, it is clear
from the raw numbers that je ziet represent a highly likely word combination in spoken Dutch,
whereas deze ziet, albeit present in the corpus, is a highly unlikely combination in spoken Dutch.
This design allowed us to compare the MMN to the deviant ziet preceded by the pronouns we
(ungrammatical) to the MMN of the ziet preceded by deze (grammatical but highly unlikely
combination), thereby allowing us to compare the MMN response elicited by both types of
strings.
In this way, we can investigate whether a rare grammatical string elicits a syntactic MMN
or not. Because the number condition consists of three standards instead of the two, like in
the gender condition, the restrictions regarding the pseudo-randomization of standard and
deviants were slightly adjusted. In the number condition, the minimum amount of standards
between any two deviants was raised from three to four, because of the restrictions concerning
the standards mentioned earlier. The maximum was kept at eight. All other restrictions were
the same.
To build the stimulus for the number condition, instances of je, we and deze were selected
that had very similar fundamental frequencies. Subsequently, these pronouns were adjusted
in such a way that they all had the same mean intensity (73dB), average pitch (213Hz) and je
and we had the same length (289ms). The length of deze was 579 milliseconds. For the deviant
ziet, the most natural sounding instance of the word was selected, which had a length of 640
milliseconds (Figure 5.2). All adjustments were realized in Praat (Boersma & Weenink, 2019).
In both the Gender and Number condition, the inter-stimulus time (ISI) was set at 500
milliseconds between any two standards and between the deviant and the following standard
in both blocks. The ISI between the standard directly preceding a deviant was 50 milliseconds,
to make it more likely that the standard-deviant combination would be perceived as a linguistic
unit. In both blocks, the probability of a standard occurring was 0.84. For the deviants it was
0.16. The total duration of both blocks was approximately 40 minutes.
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Figure 5.1: Waveforms of the two standards and the deviant in the gender condition.

5.4.3

EEG recording and processing

Electroencephalogram data was recorded with a 64-channel Biosemi Active Two system (Biosemi
Instrumentation BV, Amsterdam, The Netherlands). Scalp electrodes were arranged in a 10-20
system. In addition to the 64 electrodes of the cap, three reference electrodes were placed on the
mastoids and the nose. All 64 EEG channels were referenced offline to the mean of the mastoid
electrode recordings. In order to control eye movements and avoid eye-movement artifacts,
two horizontal and two vertical external electrooculogram (EOG) electrodes were placed on
each participant. An automatic artifact rejection procedure was applied to the continuous data
in Praat (Boersma & Weenink, 2019). 48 electrodes were selected on which pre-processing
was applied. First, a peak-to-peak eye-blink correction was applied to the left vertical EOG
channel, to mark any epochs that contained eye blinks. This was done by calculating the voltage
difference between the most positive and most negative peak in any epoch, which was compared
to a threshold of 3.5 Z-scores, based on the mean voltage of the given epoch. Epochs containing
artifacts were removed, as were the first 10 standard epochs at the start of each block and any
standard epoch directly following a deviant stimulus. Data of participants with less than 75
deviants left after artifact rejection were not included in further analysis. The sampling rate was
at 8 kHz which was downsampled by a factor of 16 after recording (Biosemi Decimator 86).
Visual inspection of the MMN per subject revealed different patterns of EEG activity around
the MMN components. Specifically, we observed an early MMN in both conditions, and a late
MMN peak in the Number condition. We therefore selected specific criteria for the selection
of MMN peaks: The Praat script searched for the most negative value of the ERP component
in two time windows: The first MMN peak had to be searched after 80 milliseconds of the
onset of the ERP (which corresponded to the onset of the deviant stimulus) and until 210
milliseconds. The second peak was defined as the most negative peak in a window ranging
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Figure 5.2: Waveforms of the two standards and the deviant in the number condition.

from 250 milliseconds to 580 milliseconds. Because some ERP components had more than one
peak, despite forming a single ERP component, we included a third constraint in the process of
peak selection. We established a minimum of 70 milliseconds as a separation for the two peaks.
In other words, if two negative peaks were found within a range of 70 milliseconds, it was
assumed they belonged to the same ERP component, while peaks further than 70 milliseconds
apart were taken to be different ERP components.
In what follows we present the results of the average MMN amplitude for the early and late
MMN peaks, as well as the latency of the first peak. Since we did not have predictions for the
latency of the second peak, we did not carry out that analysis.

5.5

Analysis

We assume, based on the discussions surrounding the recent lexical and syntactic MMN literature (Pulvermüller & Shtyrov, 2006), that the negative amplitude of the MMN response reflects
the strength of activation of a lexical memory trace. In this case, the amplitude of the MMN is
assumed to reflect the activation level of the memory trace of our deviant stimuli: The noun
’boot’ in the gender condition, and the verb ’ziet’ in the number condition 1 . Depending on
the preceding adjective (in the case of gender agreement) or pronoun (in the case of number
agreement), the deviant stimuli will be embedded in a grammatical or ungrammatical context.
1 The verb ziet is in itself morphologically complex by being inflected with the third person singular -t suffix. Some
theories would predict a complex word does not have a corresponding memory trace for its surface form. We expect,
however, that during syntactic processing the verb, in its surface-form, should become activated even if the activation of
the surface-form occurred via the separate access to its constituent elements. We therefore believe it is possible to probe
the access to the inflected verb ziet during different contexts of syntactic agreement even if there is no surface-form
representation for the inflected form of the verb
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We expect grammatical combinations to diminish the amplitude of the MMN component, since
the grammaticality of the combination should result in a pre-activation of the memory trace of
the verb, thereby producing a smaller MMN component than the ungrammatical combinations.
In order to measure the negative amplitude of our MMN responses, we decided to take into
account the width of the ERP component instead of the peak (most negative value), since we
believe this measure is a better description of the overall negativity of the MMN amplitude than
the peak voltage. Therefore, for our analysis we first selected the most negative point of each
peak and we then calculated the average microvolts in an area of 20 milliseconds around the
peak. We applied the same procedure to analyse the second, later MMN elicited by the number
condition. To measure latency, we used the average time at which the most negative value of
the MMN component (its negative peak) was present at the central midlines electrodes Fz, FCz
and Cz.
As mentioned in the previous section, we found the number condition elicited a second,
later MMN in addition to the early MMN we set out to investigate. Other studies have also
reported a late MMN using linguistically complex stimuli (see, for example (Leminen et al.,
2013; Pulvermüller & Shtyrov, 2003)). The cognitive correlate of this later MMN is unclear. We
can only speculate that it reflects a process that comes after the retrieval of the activated memory
trace. Most likely, this late MMN reflects processes that are usually probed with behavioural
tasks, since it is a later process than the very early MMN. Since we have no assumptions as
to what this late MMN means in cognitive terms, we also have no predictions regarding how
this late MMN should behave in our conditions. We will therefore simply report the observed
differences in these late components, as exploratory research.
Visual inspection of the data revealed that the MMN did not always peak at the central
midline electrodes, as is usually the case in the MMN literature (Bishop, 2007). Indeed, experiments that elicit the MMN with meaningful linguistic stimuli have produced MMN responses
that propagate across hemispheres and regions. This has caused researchers to take different
decisions on what electrodes to include in their analyses. See Table 5.2 for a summary of
different MMN studies and their choice of electrodes.
Table 5.2: Choices of electrodes for analysis of different MMN studies

Study
Pulvermüller & Shtyrov, 2003
Alexandrov et al., 2011
Leminen et al., 2013
Hanna & Pulvermüller, 2014
Shtyrov & Pulvermüller, 2002
Holland et al., 2012 (MEG)
Herrmann et al., 2009 (MEG)
Hasting & Kotz, 2008

Electrode choice
Fz and Fcz (or Cz and Pz) plus two electrodes to each side
Fz, Cz and Pz, plus one electrode to each side
48 electrodes spread across frontal, central and parietal regions
global root mean square of all 64 electrodes
35 electrodes ranging from left to right hemisphere and from frontal to central areas
"the set of most active electrodes" after inspecting the data
11 MEG channels
50 electrodes spanning both hemispheres, the midline and all regions

Regarding our data, we noticed that the patterns of propagation of the MMN response
varied considerably. We have, therefore, conducted four different analyses on the data of each
condition, depending on how many electrodes to the side of the midline we used (see Figure
5.3). This resulted in our original choice of electrodes for analysis, which included all electrodes
to the side of the midlines chosen for analysis (Fpz, AFz, Fz, FCz, Cz, CPz) plus Pz. A second
analysis (z3) excluded electrodes with numbers 7 and 8, which are farther away from the midline.
Analyses on electrode set z2 and z1 further excluded electrodes marked with 5 and 6, and 3 and
4 respectively. Building linear mixed effects models for these electrode sets separately, allowed
us to see how the MMN responses vary as the choice of electrodes is closer to the midline,
while also accounting for the variation at the hemisphere and region level. The results of these
posterior analyses are reported in detail whenever they add new information with respect to
the analysis based on the full electrode set. The z3, z2 and z1 electrode set are corrected for
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multiple comparisons by dividing the obtained p-values by the number of additional tests (3).
Figure 5.3: Choice of electrodes for each analysis

We built linear mixed-effects models in R (R Core Team, 2017) with the lmerTest package
(Kuznetsova et al., 2017), and established orthogonal contrasts for our independent variables
(Baguley, 2012), which can be seen in Table 5.3). These contrasts allowed us to include the
variation of the MMN response across hemispheres and regions in our statistical models. We
used a maximal structure for random effects (Barr et al., 2013) that included random slopes for
lexicality, hemisphere and region whenever these were included as fixed effects. Subject was a
random intercept in all models.
Because we are interested in accounting for the variation of the MMN response across
hemispheres and regions, we divided the electrodes into three hemispheres and five regions
(see Figures 5.4 and 5.6). The hemisphere factor included left, midline and right. Although the
midline is normally not considered a separate hemisphere, we decided to separate it from the
electrodes in the left and right hemisphere so as to compare how the MMN response propagates
at the left and the right sides of the midline (see Figure 5.4). We specified two orthogonal
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Table 5.3: Contrasts for Gender and Number conditions

Contrast 1
Contrast 2
Contrast 3
Contrast 4

Grammaticality
Grammatical vs Ungrammatical
Between vs Ungrammatical (Number condition only)
–
–

Hemisphere
Left & Right vs Middle
Left vs Right
–
–

Region
Peripherals vs FrontoCentrals
Peripheral Anterior vs Peripheral Posterior
Central & FrontroCentral vs Frontal
Central vs FrontoCentral

contrasts for hemisphere. First, we compared the average MMN response in the left and right
hemispheres to the average MMN response at the midline electrodes. Second, we compare the
MMN responses of the right and left hemisphere while ignoring those of the midline.
Figure 5.4: Separation of electrodes into left, mid and right

Our regions included, from anterior to posterior: 1) Anterofrontal (Fp and AF electrodes),
2) frontal, 3) frontocentral, 4) central and 5) centroparietal electrodes, plus Pz. We decided to
include the midline electrode of the parietal region, but not the electrodes to its sides, since at
this region the MMN did not propagate to the sides as clearly as in the more anterior regions
(see Figure 5.6). We specified 4 orthogonal contrasts for the 5 levels of region: We first compared
the peripheral regions (anterofrontal and centroparietal) to the frontocentral regions (frontal,
fronto-central and central) in order to confirm our MMN responses were stronger at central
regions, as previous literature has shown. Our second region contrast compared peripheral
regions to each other. That is, the anterofrontals electrodes against the centroparietals plus
Pz. Our third contrast compared central and frontocentral MMN responses against those of
the frontal regions, while the fourth contrast compared central versus frontocentral MMN
responses.
We started each analysis with a null model containing only the factor of grammaticality
as a fixed effect and a random slope. We then compared the null model to a model including
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Figure 5.5: Separation of electrodes into five regions

hemisphere as a fixed effect and random slopes. If the model improved, as indicated by
a significant p value in an anova test, we proceeded with the model with grammaticality
and hemisphere as fixed effects, and compared it to the same model plus a grammaticalityhemisphere interaction. We proceeded with the latter model if the anova shows a significant p
value in the model comparison. After comparing the null model with models containing either
hemisphere as a fixed effect, or as a fixed effect and an interaction, we added region to the best
model so far, and repeated the same produce. That is, we first added the fixed effect and, if it
improved the model, we added the interaction. We report post-hoc linear mixed-effects models
on subsets of the data whenever the main linear mixed effects model produced significant
interactions between the grammaticality and either hemisphere or region.

5.6
5.6.1

Results
Gender agreement

The best model to account for the difference in MMN amplitude between the grammatical
een kleine boot and the ungrammatical *een klein boot was the model containing grammaticality,
hemisphere, region and an interaction between grammaticality and region as fixed effects (see
Table 5.4). This model estimated a less negative MMN amplitude for the grammatical string
than for the ungrammatical string by 0.55 µV. The difference was not significant (t [16.92] = 1.68,
p = 0.11 with a 95% confidence interval from -0.14 to 1.24 µV). The estimate difference is in line
with the predictions of the syntactic MMN, whereby grammatical strings produce less negative
MMN responses than ungrammatical controls. However, the lack of a statistically significant
effect prevents us from stating this reflected an actual difference between both conditions.
The effect of hemisphere was due to the midline having more negative responses than the
sides, while the effect of region was due to the usual MMN distribution, where responses are
more negative in the three central regions than in the two peripherals. Within central regions,
responses were the most negative in frontal regions, followed by frontocentral and then central
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regions. See Table 5.4 for the specific coefficients of the model.
The interaction with region for the central & frontocentral versus frontal contrast, although
it did not reach significance (t [21.41] = 1.76, p = 0.09), indicates the syntactic MMN effect was
larger at frontal electrodes than at frontocentral and central ones. Linear mixed effects models
on both sets of electrodes run separately estimated that in central and frontrocentral electrodes,
the effect size of the syntactic MMN was rather small and not significant (0.27 µV. t [15.28] =
0.64, p = 0.53 with a 95% confidence interval from -0.56 to 1.10 µV). At frontal electrodes, the
effect size of the sMMN was larger (0.71 µV) and came closer to significance (t [14.17] = 1.95, p
= 0.07 with a 95% confidence interval from -0.006 to 1.42 µV).
Table 5.4: Coefficients of the best model to account for differences in MMN between grammatical and ungrammatical
gender agreement

(Intercept)
Ungram. vs Gram.
Cent. vs Per.
Per. ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs F.C.
R. vs L. Hem.
R. & L. vs Midline
Ungram. vs Gram.:Cent. vs Per.
Ungram. vs Gram.:Per. Ant. vs Per. Post.
Ungram. vs Gram.:Cent. & FrontoCentral vs Frontal
Ungram. vs Gram.:Cent. vs F.C.

Estimate
-4.96
0.55
0.73
1.25
-0.59
-0.65
0.20
-0.87
0.13
-0.78
0.41
0.08

SE
0.30
0.33
0.09
0.33
0.15
0.13
0.16
0.10
0.16
0.55
0.24
0.21

df
17.10
16.92
18.04
15.50
17.42
18.65
16.58
35.96
24.46
16.00
21.41
31.71

t value
-16.39
1.68
8.49
3.77
-3.83
-4.88
1.20
-8.83
0.81
-1.43
1.76
0.40

p value
< 0.001
0.11
< 0.001
0.002
0.001
< 0.001
0.25
< 0.001
0.43
0.17
0.09
0.69

SE = Standard error, df = Degrees of Freedom, Gram. = Grammatical, Ungram. = Ungrammatical, Cent. = Central, Per. = Peripheral, Ant. = Anterior, Post. = Posterior,
Cent. = Central, F.C. = Frontocentral, Front. = Frontal, R. = Right, L. = Left, Hem. = Hemisphere

This interaction between grammaticality and region was also present in analyses with the z3,
z2 and z1 electrode set. Moreover, the sMMN effect increased in analyses with less electrodes to
the side of the midline, reaching its highest effect on the z1 electrode set, although the effect did
not reach statistical significance (t[16.67]= 2.17, p = 0.04 with a 99% confidence interval from
-0.15 to 1.84 µV). This means the lack of a significant effect was likely due to variation in the
electrodes further away from the midline. The interaction with region present in all electrode
sets, with an sMMN present mostly at midline frontal electrodes, shows that the grammatical
string was consistently smaller than the ungrammatical string across electrodes. Together with
the larger sMMN effect in the z1 electrode set, our results provide partial evidence that the
sMMN effect can be replicated in Dutch. Table 5.5 shows the effect size and associated statistics
of the sMMN effect in all electrode sets for the gender condition.
Table 5.5: Coefficients of the sMMN effect in all electrode sets for the Gender condition

sMMN effect size (µV)
confidence interval at 95%
t value [df]
p value

z3
0.6
-0.11 to 1.32
1.66 [16.22]
0.12

z2
0.68
-0.12 to 1.47
1.66 [14.07]
0.12

z1
0.84
0.08 to 1.60
2.17 [16.77]
0.04

We ran linear mixed effects models to determine the differences in latency of MMN peaks.
The best model to account for the difference between the grammatical and ungrammatical
gender construction included grammaticality, hemisphere, region and an interaction between
grammaticality and hemisphere as fixed effects. The model estimated that the grammatical
string peaked 8.16 milliseconds earlier than the ungrammatical control. This difference, however,
did not reach significance (t [10.24] = 1.54, p = 0.15 with a 95% confidence interval from -18.57
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Figure 5.6: MMN responses to ungrammatical and grammatical gender construction. From upper left to bottom
right: All electrodes, z3, z2 and z1

to 2.25 milliseconds). The model also estimated other significant differences. Central electrodes
peaked 3.31 milliseconds earlier than peripherals, and peripheral anterior electrodes peaked
earlier than peripheral posterior electrodes by 7.46 milliseconds). None of the interaction
coefficients reached significance.

5.6.2

Number agreement

The best model to account for the differences in MMN amplitude amongst the conditions in
the number agreement block has grammaticality, hemisphere and region plus an interaction
between grammaticality and hemisphere as fixed effects. The model estimated the grammatical
string ’Je ziet’ to be more negative than the ungrammatical ’we ziet’, by 1.11 µV. The difference
was just significant (t [14.51] = 2.10, p = 0.05 with a 95% confidence interval from -2.15 to
-0.08 µV). The same model estimated that the uncommon grammatical string ’deze ziet’ was
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less negative than the ungrammatical ’we ziet’ string by 2.33 µV. This difference was significant
(t[13.16] = 3.74, p = 0.002 with a 95% confidence interval from 1.11 to 3.55 µV). These results
suggest that only the uncommon grammatical string produced a syntactic MMN.
The effects of hemisphere and region were in line with the usual pattern of distribution of
the MMN. Responses were more negative in the midline than on the sides, and more negative
in the frontal regions, followed by frontocentral and central regions. See Table 5.6 to see the
specific coefficients of each fixed effect.
Table 5.6: Coefficients of the best model to account for differences in MMN between grammatical common, grammatical uncommon and ungrammatical number agreement

(Intercept)
Ungram. vs Gram.
Ungram. vs Unc.
R. vs L. Hem.
R. & L. vs Midline
Cent. vs Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs F.C.
Ungram. vs Gram.:R. vs L. Hem.
Ungram. vs Unc.:R. vs L. Hem.
Ungram. vs Gram.:R. & L. vs Midline
Ungram. vs Unc.:R. & L. vs Midline

Estimate
-3.60
-1.11
2.33
0.09
-0.75
0.40
0.58
-0.34
-0.39
-0.56
0.18
-0.22
0.65

SE
0.45
0.53
0.62
0.18
0.12
0.10
0.38
0.19
0.15
0.34
0.42
0.28
0.29

df
15.31
14.51
13.17
14.66
19.52
16.79
15.13
15.61
17.40
15.15
13.28
31.02
24.28

t value
-8.03
-2.11
3.74
0.49
-6.26
3.90
1.54
-1.81
-2.55
-1.63
0.44
-0.80
2.22

p value
< 0.001
0.05
0.002
0.63
< 0.001
0.001
0.14
0.09
0.02
0.12
0.66
0.43
0.04

SE = Standard error, df = Degrees of Freedom, Gram. = Grammatical, Ungram. = Ungrammatical, Unc. = Uncommon, R. = Right, L. = Left, Hem. = Hemisphere, Cent. = Central,
Per. = Peripheral, Ant. = Anterior, Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal

The only coefficient to reach significance in the hemisphere-grammaticality interaction was
the one comparing the ungrammatical and uncommon MMN responses with the difference
between sides and midline. We ran linear mixed effects models on the midline and sides
separately. The model run on the midline data estimated that the verb ziet was 2.04 µV less
negative in the uncommon than in the the ungrammatical context (t [12] = 2.95, p = 0.01 with a
95% confidence interval from 0.69 to 3.40 µV). On the sides (left and right hemispheres) the
uncommon string was also estimated to be less negative than the ungrammatical string. This
time, the difference amounted to 1.55 µV (t [11.88] = 3, p = 0.01 with a 95% confidence interval
from 0.54 to 2.56 µV). Both differences were very close, so the cause of the interaction is unclear
to us.
The best model for the z3 electrode set was the same as with the full set. In the z2 electrode
set the hemisphere interaction was lost, and in the z1 electrode set the effect of hemisphere
as fixed effect was also lost. The lexical MMN produced by the grammatical string did not
reach our corrected significance threshold in the z3, z2 and z1 electrode sets. In all 4 models,
the grammatical string was always estimated to have produced a more negative MMN than
the ungrammatical string, while the uncommon string was always estimated to have produced
a less negative MMN response than the ungrammatical one. Therefore, despite the lack of
statistical significance, the lexical MMN produced by ziet in the grammatical condition seems
robust.
The best model to account for the latency of the MMN peak in the Number condition
included grammaticality, hemisphere, region and an interaction between grammaticality and
hemisphere as fixed effects. The model estimated that the grammatical string Je ziet peaked 23.13
milliseconds later than the ungrammatical string. This difference was significant (t [12.4] = 3.44,
p = 0.005 with a 95% confidence interval from 9.95 to 36.33 milliseconds). The difference between
the uncommon and the ungrammatical string was smaller (the uncommon string peaked earlier
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than the ungrammatical one by 2.84 milliseconds) and the difference was not significant (t [15.3]
= 0.42, p = 0.68 with a 95% confidence interval from -15.94 to 10.26 milliseconds). No other
coefficient, including the ones corresponding to the interaction, reached significance.

5.6.3

Second MMN peak

The best model to account for the difference between negative amplitudes of the second MMN
in the number condition included grammaticality, hemisphere, region plus an interaction of
grammaticality and hemisphere as fixed effects. The model estimated that the grammatical
string had a more negative MMN amplitude than the ungrammatical string by 0.73 µV. This
difference was not significant (t [10.14] = 1.34, p = 0.21 with a 95% confidence interval from
-1.80 to 0.33 µV).
The same model estimated that the uncommon grammatical string was again less negative
than the ungrammatical string by 0.82 µV. In contrast to the first MMN, this difference was
not significant (t [13.02] = 1.33, p = 0.21 with a 95% confidence interval from -0.39 to 2.04 µV).
Overall, the differences between the three conditions was the same as with the first MMN peak,
but the effect size was smaller and did not reach statistical significance.
The effect of hemisphere and region were due to the same patterns of distribution described
above. The midline was more negative than the sides, the peripheral anterior region was more
negative than the peripheral posterior one, and within central regions, the MMN response had
a more negative amplitude in frontal, then frontocentrals and finally central electrodes. Table
5.7 shows the coefficients of each fixed effect in this model.
Table 5.7: Coefficients of the best model to account for differences in the second MMN between grammatical common,
grammatical uncommon and ungrammatical number agreement

(Intercept)
Ungram. vs Gram.
Ungram. vs Unc.
R. vs L. Hem.
R. & L. vs Midline
Cent. vs Per.
Per. Ant. vs Per. Post.
Cent. & F.C. vs Front.
Cent. vs F.C.
Ungram. vs Gram.:R. vs L.
Ungram. vs Unc.:R. vs L.
Ungram. vs Gram.:R. & L. vs Midline
Ungram. vs Unc.:R. & L. vs Midline

Estimate
-2.66
-0.73
0.83
-0.10
-0.35
0.20
0.52
-0.28
-0.21
-0.52
-0.06
-0.15
0.16

SE
0.26
0.54
0.62
0.10
0.08
0.09
0.19
0.10
0.09
0.35
0.32
0.28
0.23

df
13.36
10.15
13.03
11.14
14.03
15.22
14.95
15.78
17.27
11.38
11.92
16.98
15.59

t value
-10.35
-1.35
1.33
-0.94
-4.57
2.33
2.73
-2.86
-2.40
-1.49
-0.18
-0.55
0.69

p value
< 0.001
0.21
0.21
0.37
< 0.001
0.03
0.02
0.01
0.03
0.16
0.86
0.59
0.50

SE = Standard error, df = Degrees of Freedom, Gram. = Grammatical, Ungram. = Ungrammatical, Unc. = Uncommon, Cent. = Central, Per. = Peripheral, Ant. = Anterior,
Post. = Posterior, Cent. = Central, F.C. = Frontocentral, Front. = Frontal, R. = Right, L. = Left, Hem. = Hemisphere

5.7

Conclusions

The goal of this research was twofold. First, we wanted to test whether the syntactic MMN
response could be elicited in Dutch number and gender agreement constructions. Second, we
aimed at investigating whether the reduction that characterizes the sMMN is due to cognitiongeneral sequence-detection mechanism or to language-specific, discrete combinatorial principles
that dictate how language is stored and processed.
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In the gender condition we observed the expected effect of an sMMN, The grammatical
string produced less negative MMN amplitudes than the ungrammatical string, although the
difference was not significant. The interaction with region, consistent throughout all electrode
set analyses, showed that the sMMN effect was present mostly at the frontal midline electrodes,
which is in accordance with usual electrode sites of MMN studies. The analyses with the z3, z2
and z1 electrodes consistenly showed that the grammatical string elicited a smaller MMN than
its ungrammatical counterpart. We take this as partial evidence that the syntactic MMN might
be elicited by Dutch gender agreement constructions.
The number condition showed an unexpected and significantly more negative MMN for the
grammatical string compared to the ungrammatical string. This was unexpected, and, keeping
to the premise of the sMMN, it means that our Dutch native speakers did not process the verb
in the number condition as part of a larger syntactic construction, but rather as a single word,
thereby causing a lexical MMN to the verb rather than a syntactic MMN for the whole string. It
seems, then, that the mechanisms responsible for reducing the MMN for the gender condition
do not seem to have produced the same effect in the number condition.
The lack of a statistically significant result in the gender condition means we cannot assert
the existence of a sMMN effect in Dutch gender agreement. However, as stated above, the
reduction of the sMMN can, in principle, be explained by priming produced either by cognitiongeneral sequence detectors or by discrete grammatical rules. In both cases, the premise is
that the memory trace of a linguistic item that is processed as part of a bigger construction is
reduced to the point where its memory trace becomes smaller than the memory traces that
are not part of linguistic memory and have been created during the experimental session
(pseudowords and ungrammatical strings are, by definition, not stored in linguistic memory).
Theoretically, one could argue the syntactic MMN effect could also be obtained if there are
equivalent MMN amplitudes between a complex word and a pseudoword. This claim, however,
cannot be tested with the statistical methods used in this experiment. The use of Bayesian
statistics could contribute to the testing of this hypothesis that reformulates the definition for a
syntactic MMN.
Regarding our second research question, the uncommon grammatical string was the only
string to produce what in the literature is defined as a syntactic MMN: The grammatical string
had a significantly less negative MMN amplitude than the ungrammatical string. Normally, we
would take this result as evidence of discrete grammatical processing. However, because we
were not able to replicate the expected sMMN in Dutch number agreement, the result of the
uncommon grammatical string is difficult to interpret. While it is possible that the reduction
in MMN amplitude to this string was caused by a priming of the MMN response caused
by syntactic processing, it is also possible that other factors, such as the acoustic differences
between the strings, caused the observed differences. Again, more research needs to be done
in Dutch to know whether the failure to replicate the sMMN response with the grammatical
common string was due to factors of our experiment or to a different processing strategy of
syntactic constructions of Dutch native speakers.
The results of latency show surprisingly early peaks. Both the gender and number condition peaked before 200 ms. This is considerably earlier than the most common linguistic ERP
components, such as the eLAN, LAN and P600, but it is consistent with previous latencies
reported in sMMN experiments (Pulvermüller & Shtyrov, 2003). It is interesting to note that
despite the differences in results between the sMMN of the gender condition and the lexical
MMN of the number condition, both grammatical strings peaked earlier than their ungrammatical counterparts (although the difference in the gender condition was only in the limit of
statistical significance). The fact that the uncommon grammatical number construction peaked
at almost the same time as the ungrammatical string could suggest that the latency of the MMN
component is related to the frequency/familiarity of the input.
While several studies using linguistically meaningful stimuli have reported a second, later
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MMN, to our knowledge there are no theoretical predictions about the cognitive process that
triggers such a late component. We therefore had no predictions regarding the behaviour of
such a late MMN. Despite this, we decided to report on the second, late MMN elicited by
the number condition in the hope that such information could be of use to researchers who
attempt to study this late MMN in more detail. The fact that the relation between the conditions
was maintained from the first to the second MMN (in both, grammatical was more negative
than ungrammatical, and uncommon grammatical was the smaller component) does suggest
that, during the cases of syntactic agreement processing used in this experiment, both MMN
responses are tapping into the same or at least to connected cognitive processes. Advances
in theories of the neural substrate of syntactic and word processing are needed to further the
understanding of this late component.
To conclude, we can say that our grammatical strings showed mixed responses: an sMMN
for gender agreement and an uncommon number agreement construction, and a lexical MMN
for a grammatical number agreement construction. Importantly, these two results varied as a
function of how many electrodes away from the midline were included in our statistical models.
Assuming the neural mechanisms for the MMN responses in both conditions is the same, these
results are hard to explain from a linguistic perspective. To our knowledge, there is no reason
why a number agreement construction should be processed as an indivisible unit. Perhaps
having 3 standards in the number condition somehow affected the response to the grammatical
string. Or maybe the fact that ’je ziet’ is more frequent than ’een kleine boot’ results in the direct
storage of the whole sentence. These are questions that need to be addressed in replication
studies that test other languages, and that test other types of syntactic agreement constructions
in Dutch.

CHAPTER

6

Conclusion

6.1

Summary of the research

The experiments that are presented in this thesis are an attempt to study the earliest stages of
access and processing of morphologically simple and complex words by Dutch native speakers.
Specifically, the interest lies in whether brain responses can be elicited that are compatible
with the hypothesis that morphological and syntactic information is processed by mechanisms
that decompose complex stimuli into their constituent elements. Such mechanisms have been
proposed by psycholinguistic models of word processing (Pinker, 1997; Caramazza et al., 1988;
Clahsen et al., 2003) based on the idea that there are principles that determine how linguistic
constituents can be combined (i.e. grammar), and that these principles play a role in how
language is stored and processed.
The motivation to carry out these experiments is the discrepancy between the results of
early studies carried out in Dutch with evidence gathered from similar languages like German
and English. These previous studies attempted to investigate how morphologically complex
words are processed. These experiments, covered in Chapter 2, were carried out in several
languages and showed evidence that a particular type of morphologically complex words are
processed via decomposition into their constituent elements. The literature on Dutch processing
of morphologically complex words, however, suggests that Dutch might be an exception, in
that it does not rely on such a decompositional mechanism, but rather on an "amorphous" (i.e
without morphology) lexicon (Baayen et al., 2011).
We argued in chapter 2 that the lack of a temporally appropriate task might be the reason
why no evidence for decomposition was found in Dutch. We base this assumption on both
theoretical arguments (Taft, 2004) as well as neurophysiological evidence showing that processing of morphological and syntactic information takes place very early in word processing
(Pulvermüller & Shtyrov, 2003).
With this in mind, we set out to use the MMN response to study early access and processing
of simple words and morphosyntactic information in Dutch. The MMN has been shown to be
the earliest response sensitive not only to lexical status (Pulvermüller & Shtyrov, 2006), but also
to morphological (Shtyrov & Pulvermüller, 2002; Bakker et al., 2013) and syntactic (Hasting et al.,
2007; Pulvermüller, Shtyrov, Hasting, & Carlyon, 2008) complexity. Considering the possibility
that the lack of evidence for decomposition is related to a lack of temporal resolution of lexical
decision tasks, as argued above, we expected to tap into the stages of processing that remained
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out of the reach of lexical decision tasks by using the MMN paradigm.
We also used our experiments to do exploratory research. This covers variations in the
MMN response for which we had no predictions regarding our hypothesis, but which are of
interest to researchers interested in EEG variations of the MMN response. We used a wide array
of electrodes to span the left and right hemispheres, as well as the midline of the brain. We
also covered five regions: anteriofrontal, frontal, frontocentral, central and centroparietal. This
allowed us to verify whether our MMN responses were distributed in the same way as MMN
responses reported in the literature (with peaks at frontal/frontocentral-midline electrodes)
and, within the spatial resolution limits of EEG recording, to examine how the MMN responses
elicited in our experiments vary across these dimensions. Additionally, because the midline
electrodes have usually been associated with the peak of MMN responses, experiments two and
three looked at how the estimated MMN responses varied as electrodes closest to the midline
were used (or not) for the analysis. We also looked at the latency of the MMN peak, comparing
whether our experimental stimuli peaked before or after their ungrammatical or pseudoword
controls to test the hypothesis that decomposed words require longer processing times. Finally,
we inspected a second, later MMN elicited by some of our experimental conditions. We applied
the same statistical tests to the average amplitude of the second MMN and report our results
for researchers interested in testing hypotheses about this component.

6.2

Summary of results

We carried out three experiments. In the first two experiments we tested whether we could
obtain a lexical MMN response from monomorphemic Dutch words. Additionally, in all three
experiments we tested whether native Dutch speakers showed any evidence of decomposing
specific instances of morphologically complex words and syntactic constructions: Plural inflection in the experiments of Chapter 3, past tense inflection and nominal derivation in the
experiments of Chapter 4, and number and gender syntactic agreement in the experiments of
Chapter 5. We will first cover the results regarding the lexical MMN effect elicited in Dutch
native speakers. We then examine what our results say about our main research question: What
is the processing mechanism by which morphologically complex words are processed in Dutch?
We will then cover the two additional research questions incorporated into the design of the
experiments in Chapter 3 (frequency effect) and 5 (cognitive mechanism of the sMMN). We will
finally go through our exploratory results regarding peak latency and the second, later MMN.

6.2.1

Lexical MMN on monomorphemic words

While early studies of the MMN interpreted the response as a proxy of acoustic change detection
(Näätänen et al., 1978), experimenters doing more recent research (Alexandrov et al., 2011)
claim that the lexical MMN effect is produced by a sensitivity of the response to the strength
of the lexical memory trace that triggers it. We therefore considered the lexical MMN as a
necessary result before we could interpret MMN responses to Dutch morphologically complex
words (the syntactic MMN), since the lexical MMN effect confirms that the response is indeed
sensitive to the strength of consolidation of accessed lexical memory traces during acoustic
language processing.
All our monomorphemic words produced MMN responses that were estimated by our
statistical models to be more negative than their control pseudowords (i.e. a lexical MMN).
However, not all words elicited statistically significant effects. It can, therefore, not be concluded
that the lexical MMN can be elicited with Dutch monomorphemic words in general. As for the
words we tested, there is a clear pattern, in which three out of four lexical MMN responses to
monomorphemic nouns showed a right-hemisphere effect that, although not significant, was
consistent throughout our experiments.
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This right-hemisphere lexical MMN effect is in line with the same trend reported for English
monomorphemic words (Bakker et al., 2013). The consistency of this right-hemisphere effect
for monomorphemic words in English and Dutch suggests this class of words has something
in common in the way their memory traces are activated. Importantly for this research, this
right-hemisphere interaction was not observed in morphologically complex words, which could
be interpreted as evidence for separate cognitive mechanisms for the processing of simple
and complex words. The results of our monomorphemic words, therefore, partially confirm
the MMN response is sensitive to the lexicality of sound strings, being able to elicit different
responses for monomorphemic words and pseudoword controls.

6.2.2

Plural nouns

The experiments in Chapter 3 tested whether plural nouns elicited a syntactic or a lexical MMN.
Our plural nouns showed mixed results. Only the noun boeken produced a MMN response
that was estimated to be less negative than its pseudoword control. The difference did not
reach statistical significance. We can therefore say that this particular plural noun shows partial
evidence of decomposition through a non-significant syntactic MMN. The question of whether
this is the case for other plural nouns in Dutch remains out of the scope of our results. Our
results with plural nouns neither confirm nor contradict previous findings showing that Dutch
plurals are stored and accessed through surface form representations (Schreuder, 2003).
Our second plural noun, the low-frequency doeken elicited MMN responses that were
overall indistinguishable from those of its control pseudoword. While it showed smaller MMN
responses than its control pseudoword at the midline electrodes, it showed the opposite effect
at the average of the right and left hemispheres. Both effects were not significant. Again, these
results do not constitute evidence for either hypothesis regarding the storage and processing of
plural nouns. It is worth noting, however, that none of our monomorphemic words elicited the
patterns of MMN activation observed in Dutch plural nouns.

6.2.3

Past tense verbs

Our past tense verbs also showed unexpected results. The MMN of the past tense stolde did
not reliably differ from its control pseudoword. That is, both responses were estimated to have
similar amplitudes. Only in one of the five regions, the MMN elicited by the past verb showed
the directionality of an sMMN. The statistical model estimated the MMN response to be smaller
than the MMN of the pseudoword (although the difference was not significant). In the other
regions the past tense elicited MMN responses compatible with a lexical MMN effect.
The other past tense word, sleepte, elicited responses that were also statistically indistinguishable from those of its ungrammatical control in our initial statistical models. Later tests
revealed that the difference varied from anterior regions, where the syntactic MMN pattern
emerged, to central and centroparietal regions, where the lexical MMN pattern emerged. The
variation in MMN responses of these past tense verbs indicates that a morphologically complex
word can elicit varying MMN responses that do not completely adhere to the predictions of a
lexical or a syntactic MMN.
The syntactic/combinatorial effects of the MMN response have been interpreted differently
across experiments. Bakker et al. (2013) and Leminen et al. (2013) showed the syntactic MMN
effect could be replicated at the morphological (word-internal) level, by showing a reduction of
the MMN response to a an inflected verb in the past tense, much in the same way Pulvermüller
and Shtyrov (2003); Hasting et al. (2007); Hasting and Kotz (2008); Pulvermüller and Assadollahi
(2007) and Herrmann et al. (2009) showed reduced responses at the syntactic level.
However, a reduced MMN to sounds that are part of a larger linguistic structure (either a
complex word or a syntactic object) was not the first result found for such stimuli. An early
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study using the MMN with complex linguistic stimuli showed increased MMN responses to
inflectional suffixes (Shtyrov & Pulvermüller, 2002). Although this result is the opposite effect
than what is reported by Bakker et al. (2013) and Leminen et al. (2013), in a different way it
also lends support to the notion that morphemes are represented independently of the words
they can attach to. The reasoning is that an increased MMN response to suffixes compared to
the same sounds in a non-morphological context, shows that these have consolidated memory
traces, and therefore must be part of the stored representations of linguistic memory. It is still a
pending issue in the field how these two interpretations of the syntactic MMN can be made
compatible.
To our knowledge, only Bakker et al. (2013) and Leminen et al. (2013) have attempted to
elicit syntactic MMN responses from morphologically complex words. While the experiments
presented in this thesis cannot be used to ascertain that inflected Dutch verbs reliably elicit
statistically significant sMMN responses, they also suggest that the other possibility (that
they elicit a lexical MMN) also does not apply to Dutch verbs inflected in the past tense. The
systematic lack of lexical MMN responses for our past tense verbs suggests they are processed
differently from monomorphemic words. Whether this means they are being decomposed is
an empirical question that the MMN paradigm seems, at least in our experiments, to be only
partially able to address.

6.2.4

Derived noun zwaarte

The most surprising result in this experiment was the trend towards a syntactic MMN effect
elicited by the derived noun zwaarte. Only a theory that argues for a full decompositional
account of complex word processing would predict words with derivational suffixes to be
processed through decomposition (Halle & Marantz, 1993; Fruchter & Marantz, 2015). The dualmechanism models that have been reported here, as well as empirical evidence across languages
(Bertram et al., 2000; Bozic & Marslen-Wilson, 2010) including MMN experiments (Leminen
et al., 2013; Hanna & Pulvermüller, 2014), suggest that derivational morphology is stored and
processed through the acoustic surface forms of words. Our results, although not statistically
significant, do offer a clear pattern in which the derived noun zwaarte was consistently estimated
to have produced smaller MMN responses than its pseudoword control. Were these results
replicated in further MMN studies with derived words, they would constitute a challenge to
the body of evidence mentioned above, and support to the theories of full decomposition. The
left-hemisphere interaction, showing the syntactic MMN effect was stronger in the electrodes
located at that hemisphere, lends further support to the hypothesis that the derived noun was
decomposed, as grammatical effects have been associated with the left hemisphere (Ullman et
al., 2005).

6.2.5

Syntactic agreement

The experiments in Chapter 5 aimed at replicating the original syntactic MMN effect, which was
first reported for words which were presented within the context of a larger syntactic construction, and that were in an agreement relation with a previously presented word (Pulvermüller
& Shtyrov, 2003; Hasting et al., 2007). To this end, we elicited MMN responses from a noun
and a verb presented in the context of grammatical and ungrammatical syntactic agreement.
Based on theories that claim the mechanisms of decomposition are common across morphology
and syntax, we expected our words in syntactic agreement contexts to elicit a syntactic MMN
response like the one elicited in previous experiments using morphological and syntactic
stimuli.
The noun in the gender agreement condition elicited a non-significant syntactic MMN. All
analyses were consistent in showing that the grammatical condition was always estimated to
have produced smaller MMN responses, thus suggesting that this case of gender agreement
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might have indeed triggered a syntactic MMN response. The effect was mostly present in electrodes closer to the midline (as shown by the z1 analysis) and in frontal electrodes, where the
MMN response is known to peak. We interpret this result as partial evidence that the syntactic
MMN, which was elicited with German and Finnish syntactic agreement constructions, can
also likely be elicited by a case of syntactic gender agreement in Dutch.
The number agreement condition also showed unexpected results. The uncommon grammatical string produced a syntactic MMN effect, whereas the other grammatical string, which
contained a much more frequent word combination, produced a robust lexical MMN. To our
knowledge there are no reports of a word producing a lexical MMN in the context of syntactic
agreement. There are also no theories, to our knowledge, that claim there is no processing of
syntactic agreement relations. Even theories that do not assume the existence of a mentally
represented grammar (Seidenberg & Gonnerman, 2000; Baayen et al., 2011) acknowledge that
the processing system of human language must be sensitive to the agreement relations between
words in a syntactic construction. This result points to possible MMN responses that can be
elicited by syntactic stimuli, which do not seem to be restricted to the syntactic MMN effect
reported in the literature. That is, while the literature reports sMMN effects for inflected words
and lexical MMN for derived words, our results showed the opposite pattern. More research
is necessary to know whether this is due to deviant results in the experiments presented in
this book, or whether the sMMN response can differ across specific instances of morphological
complexity.

6.2.6

Frequency effect

We compared high and low surface frequency nouns both in the singular and plural form. That
is, for each singular and for each plural noun we elicited the MMN response in experiment
1 (see Chapter 3), we had a high and a low surface-frequency form. Importantly, both words
were also acoustically matched, which allowed their direct comparison. To our surprise, both
our singular and plural nouns seem to have elicited a reversed frequency effect, in that lowfrequency words elicited significantly more negative MMN responses than their high-frequency
counterparts. However, only singular nouns elicited a statistically-significant reversed frequency
effect, while the difference between plural nouns was not significant. It could be argued that
a lack of surface-frequency effects for complex words is evidence that such words are not
sensitive to frequencies of surface-forms, thereby suggesting such words are stored through
their constituent elements. This, however, is only speculation, since a null result does not offer
grounds to reach such conclusions.
These reversed frequency effects are hard to reconcile with the premise that the MMN
is indexing the strength of memory traces, as seems to be the case by the presence of the
lexical MMN effect in Dutch. A low-frequency word could be described as an unexpected
event, compared to a high-frequency (i.e. frequently encountered) word. Unexpected events
have been known to produce bigger, more negative MMN responses than predictable events.
Perhaps the MMN response in our experiments was more sensitive to the novelty factor of
the word than to its surface-frequency count. This speculation, however, cannot be reconciled
with previous MMN research showing that the frequency effect can be elicited with the MMN
response (Alexandrov et al., 2011).

6.2.7

Cognitive mechanism of the sMMN

We expected to replicate the experimental paradigm and results of Pulvermüller and Assadollahi
(2007) and Herrmann et al. (2009), who tested the difference between syntactic MMN responses
elicited by common and uncommon syntactic agreement constructions. The goal of this design
is to examine whether the cognitive mechanism behind the sMMN response is sensitive
to statistical co-occurrences of linguistic elements or to discrete combinatorial principles of
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language. This design assumes that a common syntactic agreement construction should yield a
syntactic MMN response, while the main research question focuses on the MMN response to the
uncommon grammatical string. This design assumes that if an uncommon grammatical string
yields a sMMN (i.e. a less negative MMN amplitude than an ungrammatical control) then the
fact that the probability of the words in the uncommon string is low does not affect the pattern
of the sMMN response would mean the cognitive mechanism that generates this response is
not sensitive to the probability of word co-occurrences, but to discrete combinatorial principles,
or syntactic rules. If, however, an uncommon grammatical string shows a less reduced MMN
amplitude than its ungrammatical control (i.e. the response is more similar to a lexical MMN,
or they are indistinguishable from each other), then it would mean that the mechanism that
generates the sMMN response is sensitive to the probability word combinations, and that
therefore no discrete principles, or rules, play a role in the generation of the sMMN response.
We used the same design as Pulvermüller and Assadollahi (2007), but obtained no syntactic
MMN from the common syntactic agreement condition. Just as the lexical MMN was a necessary
result to interpret our syntactic MMN responses in Chapters 3 and 4, a syntactic MMN for the
common number agreement condition was a necessary result to interpret the response to the
grammatical uncommon string of number agreement in Chapter 5.
Having obtained no baseline syntactic MMN response, it is hard to interpret the results of
the uncommon grammatical string. The uncommon grammatical string elicited a smaller MMN
response than its ungrammatical control. In that sense, it produced a syntactic MMN. This
result, however, is not unexpected, as there are, as we mentioned earlier, no theories that assume
the mechanisms of word processing are not sensitive to syntactic relations among words. The
source of this sensitivity, however, is what remains unclear with our results. The interpretation
of the uncommon number agreement result is further obscured by the absence of the syntactic
MMN in the common grammatical string. Had we not obtained partial evidence for a syntactic
MMN from the gender agreement condition, we would be in no place to assume the syntactic
MMN response can be replicated at the level of syntactic processing in Dutch at all.

6.2.8

Secondary research questions

We used our experiments to test research questions that we believed were relevant for the field
of language processing studies. To this end we examined the variation of the MMN response
within conditions across hemispheres and regions. The latency of the MMN components was
also examined. Although we did not rely on latency differences across conditions to choose
competing hypotheses about the mechanisms of grammatical processing, we did examine
them to inspect whether there were systematic differences between monomorphemic and
morphologically complex words. We also noticed the elicitation of a second, later MMN in the
second experiment, as well as in the number condition of the third experiment. While we had
no predictions about this component, we were aware of it being reported in previous syntactic
MMN studies (Hanna, Cappelle, & Pulvermüller, 2017; Lucchese et al., 2017) and therefore
decided to inspect it and report it for researchers interested in it.
Variation across electrodes and regions
All three experiments consistently showed the MMN response peaks in amplitude at frontal
regions (either frontal, frontocentral or central) and in the midline of the head. Our results
therefore conform to the known pattern of the MMN response. Because these studies were
the first, to our knowledge, to elicit syntactic MMN in Dutch, we consider this consistency in
localization of the MMN evidence our ERP component is indeed the MMN reported in the
literature reviewed in this book.
The additional information provided by the contrasts between hemispheres and regions
in our statistical models allowed us to discover interactions we did not expect, such as the
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right-hemisphere effect for monomorphemic words, the left-hemisphere effect of the derived
noun zwaarte and the mixed lexical and syntactic patterns in the MMN responses elicited by
the past tense verb sleepte.
We carried out additional analyses by choosing more restricted sets of electrodes based on
their proximity to the midline (analyses z3, z2 and z1 of experiments 2 and 3). We did this based
on the observation that there was more variability in electrodes further away from the midline.
We found, however, that the effects did not change qualitatively with these posterior analyses,
but rather quantitatively. In other words, no lexical or syntactic MMN effect was reversed when
taking into account these posterior analyses. Moreover, the loss of the main effect of hemisphere
in some of the z1 models suggests that the hemisphere-specific effects we report are caused by
variation in electrodes furthest away from the midline. In order to incorporate a wider set of
electrodes to the analysis of lexical and syntactic MMN responses, researchers need a theoretical
framework that can take this variation into account to make experimental predictions. For now,
we present the data so that it can be used in future experiments on linguistic MMN responses.
Latency
Our comparisons of latency show mixed results. All the nouns in the experiments of Chapter
3, regardless of morphological complexity, peaked earlier than their pseudoword controls. A
faster retrieval for more consolidated memory traces is in line with the claim that the MMN
can reflect the strength of representation of lexical memory traces. However, in our second
experiment we observe that words peaked later than their pseudoword controls. It seems, then,
that the latency of the MMN response does not distinguish stimuli as the amplitude does.
Second MMN
The results of the second, later MMN, offer an interesting complement to the main research
questions. In the case of the singular nouns in the experiments of Chapter 4, both second MMN
responses followed the same pattern of being larger than the second MMN elicited by the control
pseudowords (what could be termed a "late lexical MMN"). Moreover, the right-hemisphere
interaction observed for the singular nouns in experiment 1 also emerged in the second MMN
of the word sekte, suggesting the second MMN might be related to the cognitive operations
reflected by the earlier MMN.
It is possible that the second MMN reflects later stages of the processing of the same word
indexed by the early response. If this is the case, we should expect the second MMN to reflect
more surface-form, lexical processes, since later stages of processing have been linked to the
prescence of surface-forms even when decomposition has taken place early on (Taft, 2004). Taft
argues that responses that tap into the earliest stages of processing can show evidence of a
decomposition-based analysis, while responses that tap into later stages of processing are more
likely to show evidence of surface-form representations of the same word.
Both past tense verbs, which showed no evidence of surface-form storage and only partial
evidence of decomposition in the first, early MMN, showed MMN responses that approximated
the lexical MMN pattern in the second MMN. The same was true for the derived noun: It is this
word that showed the clearest evidence of a syntactic MMN, and yet it also elicited a lexical
response at the second MMN. This dissociation between early responses being compatible with
predictions of decompositional theories, and late responses being compatible with predictions
from surface-form storage is in line with the claim by Taft. We therefore speculate that both
MMN responses reflect different stages of word processing, in a way that is similar to Taft’s
model of word processing (Taft, 1979, 2004).
Interestingly, the dissociation between early and late MMN responses observed in the
experiments of Chapter 4 (experiment 2) was not replicated at the level of syntax reported in
Chapter 5 (experiment 3). The gender agreement condition, the only syntactic construction that
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came close to a syntactic MMN effect, did not elicit a second MMN. The number condition
did, but the second response followed the same tendency as the earliest MMN, although the
statistical significance was lost from the effect.

6.3

Conclusion

The goal of this research was to examine the mechanism responsible for the processing of
morphologically simple and complex words and syntactic constructions in Dutch. Specifically,
we used the MMN response to probe the earliest stages of word processing. We did so under the
premise that at this time window, before 200 milliseconds after hearing the sounds of a word,
representation of language constituents are accessed for further use in processing. Based on
the estimated differences of MMN amplitude, we conclude that whatever cognitive mechanism
is being indexed by our MMN responses, it is sensitive to the lexicality of the sounds being
processed, and it is used very early and automatically. Moreover, this response is, to some
extent, sensitive to the morphological complexity of words, such that some morphologically
complex words elicit different MMN patterns compared to those of simple words.
The interpretation of the results of our complex words was harder because it did not
completely fit the experimental predictions of either theory. Not all the morphologically complex
words in this experiment showed evidence of being stored in their surface-form, but they also
did not elicit the predicted syntactic MMN responses that would have constituted empirical
confirmation of their decomposition into their constituent elements. In that sense, our results do
not add much information to the evidence of morphological processing across languages, which
has shown in the past years that some morphologically complex words can be stored in their
surface-forms and others are decomposed into their constituent elements. We did, however,
show that Dutch does show partial evidence of decomposing some morphologically complex
words. In this respect, Dutch might not be an exception to the rule, as was previously suggested
(Keuleers et al., 2007), although it does seem to be an exception to the body of evidence gathered
with the sMMN response.
We also used these experiments to test the replicability of the MMN response as an index of
the strength of representation of lexical memory traces in monomorphemic words in Dutch. To
this end, besides our lexical MMN responses, we also elicited frequency-dependent responses.
Our reversed frequency effect is puzzling, and incompatible with the claim that the MMN can
reflect the strength of representation of memory traces of monomorphemic words. Moreover, if
this is not the case, the whole foundation upon which the lexical and syntactic MMN effects
rest, could be put into question. What we do know, however, is that monomorphemic and
morphologically complex words produce, typically, different responses (although the difference
between these responses failed to reach statistical significance in our experiments). We interpret
these different responses as partially confirming evidence of the existence of two different
mechanisms of word processing that are used depending on the morphological complexity of
the word being processed. The lack of statistically significant results does not allow, however,
neither confirming nor challenging any of the existing hypotheses about the mechanisms of
storage and processing of morphosyntactic information presented in this book.
We can therefore conclude that, in Dutch, the MMN response shows partial evidence of
being a useful tool to probe the earliest stages of lexical access, and to differentiate words that
are processed by different mechanisms depending on their morphological complexity. Our
results also offer new challenges to the MMN paradigm. They challenge the claim that the
MMN differences between pseudowords, simple words and morphologically complex words
is due to the strength of memory traces. Rather, our data suggest this difference is caused by
word class and morphological complexity. Though the results presented here cannot paint
a clear (statistically significant) picture of whether morphologically complex words undergo
a rule-based decompositional process, there were systematic differences in the directionality
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of the MMN effect between simple and morphologically complex words. This suggests there
might be different cognitive processes at play during the stages of processing indexed by the
MMN response.

6.4

Ideas for future research

It is crucial for MMN research to know the source of the observed differences in amplitude
between word classes. Not only do our results challenge the notion that the MMN indexes
strength of memory traces, but they also indicate that previous interpretations of the MMN as
an index of expectation are incompatible with the claim that grammatical parsing of a given
complex word causes a reduced MMN for said word. One important avenue of research, likely
linked to the neurocognitive mechanisms behind the MMN response, will be studying whether
the MMN is indeed an index of lexical memory traces and/or whether it reacts to other types
of differences between stimuli.
The MMN has been traditionally measured using midline electrodes, sometimes even on a
single frontal (Fz) or frontocentral (FCz) electrode. As we discussed in Chapter 5, section 5.2,
the choice of electrodes in MMN analysis is not always transparent. While our results confirmed
that the MMN is indeed most negative in midline frontal electrodes, we also observed different
patterns of MMN distribution across electrodes. For example, monomorphemic words seem to
be more likely to elicit right-hemisphere MMN responses. Likewise, lexical and syntactic MMN
patterns can coexist within a condition across different regions. Further research should take
this variation into account so as to uncover systematic differences in the patterns of activation
of different linguistic stimuli. Such differences, if present, could constitute additional sources of
empirical evidence to choose between competing theories of language processing.
Additional research needs to be done on the MMN response itself, so as to understand how
to reconcile the notion of the MMN as an index of acoustic change detection (the uncontroversial
interpretation of the MMN) with the more recent interpretation of the MMN as the index of
the access to lexical memory traces. Also, the existence of a later, second MMN seems to be a
recurrent fact when eliciting MMN responses with linguistically complex stimuli. More research
should be done to understand how this second MMN relates to the earlier one, and what
cognitive operation it reflects.
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Summary

Storage and processing of Dutch morphological information.
Early electrophysiological responses to lexical, morphological and syntactic
information.
This dissertation investigates early cortical responses elicited from native
speakers of Dutch while processing morphological and syntactic information.
Specifically, event-related potentials (ERP) were recorded from participants
while they heard either simple or morphologically complex words and their
corresponding pseudowords or ungrammatical control words. The main goal
of the experiments in this book was to investigate how Dutch native speakers
process and store basic linguistic constituents that are embedded in larger
morphological and syntactic structures. The predictions of competing theories
that postulate either surface-form or constituent-based storage of morphologically complex words were compared against the evidence obtained from these
experiments. The methodology used served to investigate the earliest stages of
processing, when language constituents are likely accessed. The experiments
carried out offer partial support for the hypothesis that the native Dutch speakers that participated in this experiments store and process monomorphemic and
morphologically complex words differently. However, the lack of statistically
significant results in much of the tests carried out do not allow to conclude this
is the case for all native Dutch speakers, or for all types of morphologically
complex words.
Across three experiments, the participants were exposed to either of the
following combination of stimuli:
•
•
•
•
•
•
•
•

Monomorphemic nouns vs pseudowords (experiments 1 and 2)
Plural inflected nouns vs pseudowords (experiment 1)
High vs low frequency monomorphemic words (experiment 1)
High vs low frequency plural nouns (experiment 1)
A past tense inflected verbs vs a pseudoword (experiment 2)
A past tense inflected verbs vs an ungrammatical past tense (experiment 2)
A derived adjective vs a pseudoword (experiment 2)
A grammatical vs ungrammatical sentence with gender agreement (experiment 3)
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• A grammatical vs ungrammatical sentence with number agreement (experiment 3)
• An uncommon grammatical vs ungrammatical sentence with number
agreement (experiment 3)
The goal of the first combination was to assess whether the MMN response
can show different amplitudes depending on whether the sounds that elicit
it form a real monomorphemic word or a pseudoword. While the former are
assumed to be stored in lexical memory, the latter are assumed to have transient
memory traces created only during the experiment. Pulvermüller & Shtyrov
(2006) reported that the amplitude of the MMN can reflect the degree of consolidation of memory traces, such that words elicit a larger (more negative)
MMN amplitude than control pseudowords. This effect was labelled Lexical
MMN. The results of the experiments presented here offer evidence that most
monomorphemic words elicit larger MMN amplitudes than their pseudoword
controls, thereby showing that some, but not all, monomorphemic Dutch words
can elicit the lexical MMN response.
While monomorphemic words are assumed to be stored in lexical memory,
therefore having consolidated memory traces, morphologically complex words
are assumed –by theories that assume some level of decomposition (Pinker,
1999; Pinker & Ullman, 2004; Clahsen et al., 2003; Clahsen, 2006; Taft, 2004)–
to be represented through the separate storage of their constituent elements.
Based on the assumption that the amplitude of the MMN response reflects the
degree of consolidation of memory traces, the surface-form of complex words
are expected to have less consolidated memory traces than the transient memory
trace formed by the repeated exposure to pseudowords. Such a difference was
labelled syntactic MMN (Shtyrov et al., 2003) and was reported by Bakker et al.
(2013) in English and Leminen et al. (2013) in Finnish. The plural nouns and
past tense verbs in the list above were used to study whether such a difference
could be elicited with Dutch inflections, while the derived adjective was used to
know whether the syntactic MMN response could also be elicited by a derived
complex word. One plural noun, one past tense verb and a derived adjective
showed a smaller MMN amplitude than their control pseudowords, as predicted
by decompositional theories, while another plural noun and past tense verb
showed inconclusive evidence for either theory.
To obtain further evidence that the amplitude of the MMN response reflects
strength of consolidation of cortical memory traces, high and low surfacefrequency monomorphemic and plural nouns were also compared. Leminen
et al. (2013) showed that surface-frequency counts modulated the response to
monomorphemic and morphologically complex derived words, but had no
effect on inflected words, presumably because said words have no surface-form
lexical representations. We used monomorphemic and plural words of high
and low frequency to test whether this frequency effect of the MMN response
could be replicated in Dutch. Surprisingly, a statistically significant reversed
frequency effect was obtained. This result challenges the assumption that the
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amplitude of the MMN response becomes larger the more consolidated the
memory trace of the word that triggered it is.
The syntactic MMN response was initially reported for words which formed
part of a larger syntactic construction (phrases and sentences) (Shtyrov & Pulvermüller, 2002) and only later was reported also for English and Finnish complex
words. Gender agreement constructions (phrases) and number agreement construction (sentences) were used in the experiments reported in this book to test
whether the syntactic MMN response could also be elicited in Dutch at the sentence level. Syntactic MMN responses elicited by the processing of constituent
elements embedded in larger linguistic constructions at the word-internal and
word-external level would have been in line with theories that postulate the
same combinatorial mechanisms are used at the morphological and syntactic
levels (Harley & Noyer, 1999; Marantz, 2013). In the experiment reported here
only the gender construction elicited a MMN response compatible with the
syntactic MMN, although the results did not reach statistical significance. The
word embedded in a syntactic number agreement context showed the opposite
pattern of a syntactic MMN. Such a result also challenges the claim that the the
MMN response is sensitive to all syntactically complex constructions.
While previous experiments showed that the amplitude of the MMN response
decreases when elicited by constituents that form part of larger constructions,
be them complex words, phrases or sentences, it is unclear what the cognitive
mechanism that is responsible for such a sensitivity to complexity in language
is. Hasting et al. (2007) showed that uncommon grammatical strings produced
syntactic MMN responses just like common grammatical strings do, therefore
adding evidence to the hypothesis that the cognitive mechanism behind the
response is sensitive to discrete combinatorial principles. Had the uncommon
strings used in Hasting et al.’s experiment elicited MMN responses that reflected
the low probability of occurrence of such word combinations, the hypothesis
that the the cognitive mechanism responsible for the sMMN is sensitive to
the statistics of co-occurrences of linguistic constituents would have gained
support. The last experiment in this book tested whether an uncommon number
agreement construction elicited a syntactic MMN response just like a common
number agreement construction should, or whether the amplitude of the MMN
response would be modulated by the low probability of the co-occurrence of
the words used in the uncommon string. The results obtained showed the
uncommon string produced a statistically significant syntactic MMN. However,
the common string failed to do so. This rendered the interpretation of the uncommon string problematic, as it was based on the prediction that the common
string should under all scenarios have produced a syntactic MMN response.
Overall, We found evidence that the MMN response can distinguish the
memory trace of words from similar meaningless sounds in Dutch. We obtained
partial evidence that memory traces of complex Dutch words are stored with
less strength of consolidation than those of monomorphemic words, giving
partial support to the hypothesis that complex words are stored and processed
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differently from monomorphemic words. However, the results of some of the
experiments carried out in this investigation offer evidence that the response
used in this study is not modulated by strength of representation as would be
predicted by surface-frequency counts. Moreover, we also obtained only partial
evidence of the constituent-based processing of syntactic constructions, which
challenges the basic assumption of the MMN response.
It seems, then, that while the MMN response is able to distinguish simple
words from pseudowords, and, to some extent, morphologically complex words
from monomorphemic ones, it is unclear what produces such a sensitivity. The
theory put forth so far in the MMN literature that the MMN is sensitive to the
strength of representation of linguistic constituents is challenged by the statistically significant reversed frequency effects obtained from monomorphemic
and plural nouns. Moreover, the lack of a syntactic MMN in the syntactic number agreement context is not predicted by any of the theories tested in these
experiments. This means that more research must be carried out to test whether
this interpretation of the lexical and syntactic MMN effect is correct, or whether
the Dutch language, or the specific words used in this experiment, somehow
affected caused the results obtained here to challenge the previous evidence
reported in languages similar to Dutch.

Sammenvatting
(Summary in Dutch)

Dit proefschrift onderzoekt vroege corticale reacties van moedertaalsprekers
van het Nederlands bij het verwerken van morfologische en syntactische informatie. Er zijn bij participanten event-related potentials (ERP) geregistreerd
tijdens het horen van ofwel monomorfematische (d.w.z. bestaande uit een enkel
morfeem) of morfologisch complexe woorden en hun bijbehorende pseudowoorden of niet-grammaticale controlewoorden. Het hoofddoel van dit proefschrift
was te onderzoeken hoe Nederlandstaligen basale taalelementen verwerken en
opslaan die ingebed zijn in grotere morfologische en syntactische structuren.
De in deze studie verkregen resultaten werden getoetst aan verschillende theorieën over hoe morfologisch complexe woorden worden opgeslagen: ofwel
in zijn geheel, ofwel per morfeem. De gebruikte methodologie maakte het
mogelijk om de vroegste stadia van de verwerking te onderzoeken, wanneer
toegang tot deze taalelementen waarschijnlijk plaatsvindt. Er is gedeeltelijk
bewijs gevonden voor de hypothese dat de participanten (moedertaalsprekers
van het Nederlands) monomorfematische en morfologisch complexe woorden
op verschillende manieren opslaan en verwerken. Echter, gezien het gebrek aan
statistische significante in veel van de experimenten kunnen we niet concluderen
dat dit voor alle moedertaalsprekers geldt, of voor alle soorten morfologisch
complexe woorden.
Drie experimenten werden uitgevoerd, waarin de deelnemers werden blootgesteld aan de volgende combinaties van stimuli:
• Monomorfematische zelfstandige naamwoorden vs. pseudowoorden (experimenten 1 en 2).
• Morfologisch complexe zelfstandige naamwoorden vs. pseudowoorden
(experiment 1).
• Hoog- vs. laagfrequente monomorfematische zelfstandige naamwoorden
(experiment 1).
• Hoog- versus laagfrequente morfologisch complexe zelfstandige naamwoorden (experiment 1).
• Werkwoorden in de verleden tijd vs. pseudowoorden (experiment 2).

134

Sammenvatting
(Summary in Dutch)

• Werkwoorden in de verleden tijd vs. ongrammaticale werkwoorden in de
verleden tijd (experiment 2).
• Afgeleide bijvoeglijk naamwoord vs. een pseudowoord (experiment 2).
• Congruentie in woordgeslacht in grammaticale vs. ongrammaticale zinnen
(experiment 3).
• Congruentie in getal in grammaticale vs. ongrammaticale zinnen (experiment 3).
• Congruentie in getal in laagfrequente vs. Ongrammaticale zinnen. (experiment 3).
Het doel van de eerste combinatie van stimuli was om te onderzoeken of de
amplitude (van MMN-reactie bij een (echt) monomorfematisch woord verschilt
van die van een pseudowoord. Er wordt aangenomen dat monomorfematischs
woorden worden opgeslagen in het lexicale geheugen, terwijl pseudowoorden alleen tijdelijke geheugensporen achterlaten gedurende een experiment.
Pulvermuller & Shtyrov (2006) toonden aan dat de amplitude van het MMN
de mate van consolidatie van geheugensporen reflecteert: bestaande woorden
wekten een grotere (negatieve) MMN-amplitude op dan pseudowoorden (de
controlewoorden). Zij noemden dit lexicale MMN. De resultaten van de experimenten in dit proefschrift laten zien dat de meeste monomorfematische woorden grotere MMN-amplituden opwekken dan hun pseudo-controlewoorden.
Daarmee wordt aangetoond dat bepaalde (doch niet alle), monomorfematische
Nederlandse woorden de lexicale MMN-reactie kunnen opwekken.
Van monomorfematische woorden wordt verondersteld dat ze in zijn geheel
worden opgeslagen in het lexicale geheugen, en dus geconsolideerde geheugensporen hebben. Van morfologisch complexe woorden echter, wordt beweerd –
door theorieën die uitgaan van een zekere mate van ontleding (Pinker, 1999;
Pinker & Ullman, 2004; Clahsen et al., 2003; Clahsen, 2006; Taft, 2004) – dat
de afzonderlijke morfemen apart worden opgeslagen. Op basis van de aanname dat de amplitude van de MMN-respons een indicatie is van de mate van
consolidatie van geheugensporen, wordt verwacht dat de oppervlakte-vorm
van morfologisch complexe woorden minder geconsolideerde geheugensporen
hebben dan de tijdelijke geheugensporen gevormd door de herhaalde blootstelling aan pseudowoorden gedurende het experiment. Een dergelijk verschil
werd gerapporteerd door Bakker et al. (2013) in het Engels en door Leminen et al.
(2013) in het Fins en werd syntactische MMN genoemd (Shtyrov et al., 2003). De
meervoudige zelfstandige naamwoorden en verledentijdswerkwoorden uit de
bovenstaande lijst werden gebruikt om te onderzoeken of een dergelijk verschil
kon worden opgewekt met Nederlandse verbuigingen. Afgeleide bijvoeglijk
naamwoorden werden gebruikt om te onderzoeken of afgeleide morfologisch
complexe woorden ook de syntactische MMN-reactie zouden veroorzaken.
Eén meervoudig zelfstandig naamwoord, één verledentijdswerkwoord en één
afgeleid bijvoeglijk naamwoord vertoonden een kleinere MMN-amplitude dan
hun pseudo-controlewoorden, zoals voorspeld door de theorieën die uitgaan
van ontleding. Een ander meervoudig zelfstandig naamwoord en een ander
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verledentijdswerkwoord konden echter geen duidelijk bewijs bieden voor beide
theorieën.
Om meer bewijs te verzamelen dat de amplitude van de MMN-respons de
sterkte van de consolidatie van corticale geheugensporen reflecteert, werden ook
hoog- en laagfrequente monomorfematische zelfstandige naamwoorden met
elkaar vergeleken. Leminen et al. (2013) hebben aangetoond dat de oppervlaktefrequentie van een woord invloed heeft op de reactie op monomorfematische
en morfologisch complexe afgeleide woorden, maar niet op de reactie op verbogen woorden niet beïnvloedde, vermoedelijk omdat deze woorden in hun
oppervlakte-vorm geen lexicale representaties hebben. We gebruikten laag- en
hoogfrequente zelfstandige naamwoorden in enkelvoud en meervoud om te
testen of dit frequentie-effect van de MMN-respons met Nederlandse woorden
kon worden gerepliceerd. Verrassend genoeg lieten de resultaten een statistisch
significant omgekeerd frequentie-effect zien. Dit resultaat contrasteert met de
aanname dat de amplitude van de MMN-respons groter wordt naarmate het
geheugenspoor van het woord sterker wordt.
Oorspronkelijk werd de syntactische MMN-reactie werd gerapporteerd voor
woorden die deel uitmaakten van een grotere syntactische constructie (zinsdelen
en zinnen) (Shtyrov & Pulvermuller, 2002). Pas later werd het effect ook aangetoond voor Engelse en Finse morfologisch complexe woorden. Om te testen of
de syntactische MMN-reacties in het Nederlands ook kon worden opgewekt op
zinsniveau, werden constructies met congruenti in geslacht (zinsdelen) en getal
(zinnen) gebruikt. Als er ook een syntactische MMN-reactie zou worden gevonden bij de verwerking van taalelementen die ingebed zijn in grotere constructies
op woord-intern en woord-extern niveau, zou dit steun zijn voor theorieën
die stellen dat dezelfde combinatorische mechanismen worden gebruikt op
morfologisch en op syntactisch niveau (Harley & Noyer, 1999; Marantz, 2013).
Het experiment in dit proefschrift toonde alleen voor de geslachtsconstructie
een MMN-respons aan die verenigbaar is met de syntactische MMN, maar dit
effect was niet statistisch significant. Woorden die ingebed waren in een constructie met getalscongruentie vertoonden het tegenovergestelde patroon van
een syntactisch MMN. Ook dit resultaat betwist de stelling dat de MMN-reactie
kan worden opgewekt in alle syntactisch complexe constructies.
Hoewel eerdere experimenten lieten zien dat de amplitude van de MMNrespons afneemt wanneer deze wordt verkregen door taalelementen die deel
uitmaken van grotere constructies (zij het morfologische complexe woorden,
zinsdelen of zinnen), is het onduidelijk welk cognitieve mechanisme verantwoordelijk zou zijn voor een dergelijke gevoeligheid voor complexiteit in taal. Hasting et al. (2007) hebben aangetoond dat onwaarschijnlijke grammaticale reeksen
evenveel syntactische MMN-reacties voortbrengen als veel voorkomende grammaticale reeksen, hetgeen bewijs levert voor de hypothese dat het cognitieve
mechanisme dat de respons veroorzaakt gevoelig is voor discrete combinatorische principes . Als de onwaarschijnlijke woordcombinaties in het experiment van Hasting et al. (2007) minder sterke MMN-responsen hadden uitgelokt
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dan de veel voorkomende reeksen, dan zou dit steun zijn geweest voor de hypothese dat het cognitieve mechanisme dat verantwoordelijk is voor het sMMN
effect gevoelig zou zijn voor de frequentie van (combinaties van) taalelementen.
Met het laatste experiment in dit boek is er getest of een onwaarschijnlijke
constructie met getalscongruentie dezelfde syntactische MMN-respons uit zou
lokken als een veel voorkomende constructie, of dat de amplitude van de
MMN-reactie zou worden beïnvloed door de mate van waarschijnlijkheid dat
deze woorden samen voorkomen. De resultaten van de onwaarschijnlijke reeks
lieten een statistisch significante syntactische MMN zien, maar die van de veel
voorkomende reeks niet. Het is lastig om de resultaten van de onwaarschijnlijke
reeks te duiden omdat de interpretatie ervan gebaseerd was op de verwachting dat de veel voorkomende string altijd een syntactische MMN-reactie zou
opwekken.
Samengevat kunnen we stellen dat de resultaten laten zien dat de MMNreactie het neurale geheugenspoor van Nederlandse woorden kan onderscheiden van vergelijkbare pseudowoorden of ongrammaticale woorden. Een deel
van onze resultaten tonen aan dat het geheugenspoor van morfologisch complexe Nederlandse woorden minder sterk wordt geconsolideerd dan dat van
monomorfematische woorden, hetgeen gedeeltelijke steun biedt voor de hypothese dat de twee soorten woorden verschillend worden opgeslagen en
verwerkt . Echter, sommige resultaten suggereren dat de amplitude van de
MMN-respons van een reeks niet wordt beïnvloed door de sterkte van de representatie ervan (zoals bepaald op basis van de oppervlaktefrequentie). Daarnaast
hebben we slechts gedeeltelijk bewijs gevonden de basisaanname van MMNrespons, namelijk dat syntactische constructies worden verwerkt op basis van
de afzonderlijke elementen.
Het lijkt er dus op dat MMN-reacties monomorfematische woorden van
pseudowoorden – en tot op zekere hoogte ook van morfologisch complexe
woorden – kunnen onderscheiden, maar het is onduidelijk is wat deze gevoeligheid veroorzaakt. De theorie die tot nu toe in de MMN-literatuur is genoemd
– dat het MMN gevoelig zou zijn voor de sterkte van de representatie van
taalelementen – wordt op losse schroeven gezet door de statistisch significante
omgekeerde frequentie-effecten van monomorfematische woorden en meervoudige zelfstandige naamwoorden. Bovendien wordt het ontbreken van een
syntactische MMN in constructies met getalscongruentie door geen enkele van
de geteste theorieën voorspeld. Dit betekent dat er meer onderzoek moet worden uitgevoerd om te testen of deze interpretatie van lexicale en syntactische
MMN-effecten juist is, of dat de Nederlandse taal, of de specifieke woorden
die in dit experiment zijn gebruikt, op de een of andere manier de resultaten
hebben beïnvloed.
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