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1 Introduction 
Second language learners are often able to understand more than they can produce. 
This is not only a potentially frustrating experience for learners, but it is also an 
intriguing phenomenon for researchers. It gives rise to questions about the overlap 
between comprehension and production, and about the processes of acquisition. For 
instance, how exactly are knowledge and processes of comprehension and 
production related? And can comprehension training with a substantial amount of 
input pre-empt errors in production? 

Several researchers have suggested that the grammar learning process takes 
place by first acquiring knowledge of a target structure, and subsequently fine-
tuning this knowledge and the processes related to it. In the 1980s, a number of 
researchers proposed that production should be pontponed until after an initial silent 
period (e.g., Asher, 1982; Davies, 1980; Krashen & Terrell, 1983; Nord, 1980, 1981; 
Winitz, 1981a, 1981b). Also in recent years, it has been claimed that forming a 
knowledge base is possible only, or mainly, through input (Ellis, 2002a, 2003; 
Hulstijn, 2002; Truscott & Sharwood-Smith, 2004). Production would serve to 
improve the processes specific to production, or to draw attention to the gap between 
what learners already know and not know. 

1.1 Position within the Field of Second Language Acquisition 

The present research fits into a larger body of research on the effect of second 
language training on acquisition. For instance, De Graaff, DeKeyser, and Williams 
(De Graaff, 1997a, 1997b; DeKeyser, 1997; Williams, to appear) trained their 
participants on comprehension and production of morphological or syntactic 
structures. Tests during or after training indicated how explicit instruction, direction 
of processing (comprehension or production), or memory and awareness had 
affected knowledge and processing. 

These studies were performed in a laboratory setting, in which computers were 
used for training and testing. The added value of training in a laboratory setting in 
comparison to a classroom setting is the greater control over the exact amount and 
type of input of each learner. The researcher can determine what amount and what 
type of input participants receive, or what output they are to provide. In addition, in 
a laboratory setting all responses can be recorded, and not only their accuracy, but 
also their speed can be assessed. 

To date, many studies have used tests that require the comprehension or 
production of written sentences (item-level tests) instead of connected discourse. 
When not only accuracy, but also speed is measured, these tests provide insight into 
the time course of processing. In other studies oral production is elicited in guided or 
unguided tasks, such as story retelling or interviews. This is common practice in 
some areas of second language research, but it is not ideal for eliciting specific 
target structures and for testing large numbers of participants. More suited for this 
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purpose are item-level tests. When performed in the aural/oral modality, they can 
provide insight into processing under conditions that require learners to rely less on 
explicit knowledge and controlled processing. 

The present study aims to extend research findings on the effect of training on 
second language acquisition and processing to the aural modality, that is, listening 
and speaking. Crucially, it was not only testing that took place in the aural modality, 
but also training. Top-down processing of the input, involving a general guess at the 
message content, was discouraged by training items that asked for the identification 
of one of the words in the input. Because this input was presented aurally, learners 
were encouraged to pay closer attention to the lower-level cues of the input, namely 
the individual words, mostly those words that were part of or immediately adjacent 
to elements of the target structure. Therefore, what the aural training in the present 
experiment adds to the scientific knowledge of second language acquisition to date 
is the assessment of the effect of a training that urges learners to attend more closely 
to the input, especially at the lower levels.  

Methodologically, the present study aims to enlarge the range of tests for 
assessing the knowledge and processing of second language learners. The main 
experiment presented in this dissertation includes the self-paced listening and dual-
task methodologies. These tests are common practice in psychological research, but 
relatively new to second language research. It is shown that they can be used in 
second language research and that they are highly informative. 

Results from this study may have important implications for the practice of 
second language teaching. It shows to what extent aural receptive training can affect 
accuracy in production, and it indicates whether the early introduction of production 
tasks may hinder acquisition. It may also inform teachers on the timing of the 
introduction of production tasks after having introduced new grammar rules in class. 

1.2 The Study 

Two experiments were conducted. First, a pilot experiment was designed to 
investigate whether knowledge practised in comprehension tasks can pre-empt 
errors in a production task, and to evaluate what amount of training is sufficient in 
this respect. Knowledge was tested not only receptively, but also productively, so as 
to determine whether it would be available in production. Subsequently, a main 
experiment was conducted in order to assess whether receptive training could 
improve performance in comprehension and pre-empt errors in production, and to 
test whether the early introduction of production would influence acquisition. 

This study shows that it is possible for second language learners to induce some 
grammar knowledge in an aural comprehension training. Although this training led 
to increased processing speed in comprehension, it did not pre-empt a substantial 
number of errors in production. It was shown that an early start of production 
training did not severely hinder acquisition. Further research should strive for 
improved conditions for the acquisition of implicit knowledge, and could extend 
findings to other groups of learners. In addition, it needs to be assessed exactly how 
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training can contribute to the formation and strengthening of knowledge and 
processing, for comprehension as well as production. 

1.3 Outline 

To describe the framework in which this study was conceived and is to be 
interpreted, Chapter 2 reviews a number of key issues in second language 
acquisition theory. It discusses different types of knowledge and processing, such as 
explicit and implicit knowledge, declarative and procedural knowledge, and 
controlled and automatic processing, as well as the relation and interaction between 
them. They are discussed from the perspectives of different frameworks, such as 
associative learning and skill acquisition theory. Chapter 3 presents more details 
about methodological issues and the target structure. First, it is discussed how the 
process of second language learning can be studied. Next, a number of test 
techniques are described, some of which are fairly common in psychological 
research but much less so in second language research. The focus will be on how 
these techniques are used and what information they provide. Finally, the target 
structure is discussed in terms of its linguistic description, and representation and 
processing in first as well as second languages. Chapters 4 and 5 then present the 
methods, designs, results and discussions of the pilot experiment and the main 
experiment. To conclude, Chapter 6 comprises an overview of the results of both 
experiments, a discussion of their methods, results and conclusions, and suggestions 
for further research. 

 
 
 



   

 



  

2 The representation and processing of L2 
grammar knowledge 

This chapter provides the theoretical background for the experiments presented in 
Chapters 4 and 5. These concern the acquisition of grammatical structures by second 
language learners in a laboratory setting. The aim was to examine whether an aural 
receptive training (listening) can prevent grammatical errors in oral production 
(speaking). A pilot experiment (Chapter 4) was performed to determine the effect of 
the length of receptive training on accuracy in production. The main experiment 
(Chapter 5) assessed the success of a receptive training in pre-empting errors in 
production, and examined whether the early introduction of production tasks would 
hinder acquisition. 

This chapter concerns the representation and processing of second language 
grammar knowledge. First, the issue of implicit knowledge and processing is 
discussed from a general psychological perspective and a second language learning 
perspective (section 2.1), in associative accounts of learning (section 2.2) and in 
skill acquisition theory (section 2.3). Subsequently, the notion of automaticity is 
addressed (section 2.4) as well as asymmetry of knowledge (section 2.5). The 
chapter concludes with a summary (section 2.6). In the next chapter some 
considerations are discussed pertaining to laboratory research of second language 
acquisition in general and of noun–adjective gender agreement (the target structure 
in the present study) in particular. 

2.1 Implicit Knowledge and Processing 

Knowledge of a language can take different forms. Adult native speakers have a vast 
amount of knowledge (e.g., lexical, grammatical, pragmatic knowledge) of their first 
language, which they apply every time they use that language. Much of this 
knowledge cannot be verbalised. Conversely, adults who have taken courses in a 
second language are able to verbalise many rules of that language, pertaining to, for 
instance, word order and inflection, but they may not be able to apply these rules 
easily and correctly, especially during difficult language tasks. It seems that 
spontaneous and fluent speech—as well as fluent listening, reading and writing—
requires a type of knowledge that is fast and easy to retrieve and does not require 
conscious attention. Certainly, conscious use of verbalisable knowledge can be 
helpful in specific circumstances, for instance for writing a text when enough time is 
available for reflection and correction (cf. Schmidt, 1994a, 1994b). This type of 
knowledge is usually referred to as explicit knowledge. The knowledge of the native 
speaker described above is often referred to as implicit knowledge. Native speakers 
as well as second language learners can possess both implicit and explicit 
knowledge. This distinction between knowledge types (and the way they are 
learned) has been discussed extensively in the psychological literature. 
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2.1.1 A Psychological Perspective on Implicitness 

Since the 1960s, a large body of psychological research has accumulated concerning 
implicit learning. It shows that learners can become sensitive to the underlying 
structure of input stimuli without being aware of it. Two frequently used paradigms 
in this line of research are artificial grammar (AG) learning and the serial reaction 
time (SRT) task (e.g., Manza & Reber, 1997; A. Reber, Allen, & Reber, 1999; 
Shanks, Johnstone, & Staggs, 1997). In the artificial grammar learning paradigm, 
participants are exposed to strings of letters presented in an order that is determined 
by a set of rules, the artificial grammar. Learning is assessed with grammaticality 
judgments. To assess generalisability, untrained but ‘grammatical’ strings are 
included in the tests. Evidence for implicit learning has been found as participants 
were able to perform above chance level in grammaticality judgment tasks, whereas 
they showed no explicit knowledge of the underlying system of rules. 

In the serial reaction time paradigm, participants indicate as quickly as possible 
the position of stimuli appearing in certain positions on a computer screen by 
pressing a key. The participants do not know that the sequences of the positions are 
determined by a rule system. Reaction times have been shown to get shorter as 
participants become sensitive to the rule system and to increase dramatically as soon 
as the underlying structure is changed. These reaction time changes, in combination 
with the absence of awareness of the presence or nature of the underlying structure, 
are taken as evidence for implicit learning. A clear overview of the core issues of 
much of the research done in this area has been given by A. Reber, Allen and Reber 
(1999). 

The representational form of the product of implicit learning (mostly implicit 
knowledge) may be abstract, or concrete and instantiated. That is, input stimuli may 
be stored as their exact physical form or a fragment thereof. For instance, in artificial 
grammar learning the entire stimulus “PVPXVPS” may be stored, or only “PVP”, 
“XV” and “PS”. The stimulus may also be stored more independently from the 
physical form, as an abstract mental representation. For instance, participants may 
have learned that the string can begin with only one of two letters, that these cannot 
be repeated, and more such regularities. These abstract representations make 
knowledge generalisable to new instantiations. If the letter-set is changed (e.g., P → 
W, V → T, X → U etcetera), participants learn faster because they only have to 
learn the new letter-set, to which they can apply their knowledge of regularities. The 
abstractness of representations is also evidenced by transfer between auditory and 
visual stimuli. For instance, Manza and Reber (1997, experiments 3 and 4) showed 
cross-modality transfer not only between visually and auditorily presented letters, 
but also between position (lights in five different horizontal positions) and tone (five 
different tones). Because performance in the latter case (position and tone) was best 
in the within-modality condition of visual training – visual testing, the authors argue 
that “the abstract elements which facilitate transfer share memorial space with 
exemplar-based components”, or in other words, that there are both concrete and 
abstract representations of the input. 
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Although it has been claimed that implicit knowledge can be stimulus-specific 
as well as abstract—and therefore essentially generalisable—it has also been 
claimed, rather paradoxically, that implicit knowledge is hyperspecific, that is, 
inflexible (Paradis, 1994; A. Reber et al., 1999). Some studies point towards this 
inflexibility by showing that implicitly learned knowledge can be used and 
generalised within conditions similar to the original circumstances of learning, but 
not in conditions in which the acquired knowledge is to be used in a distinctly new 
way. It is said that explicit, or declarative, knowledge has to be called in to perform 
these novel tasks. For instance, after learning to associate cues with outcomes, the 
reverse task of associating outcomes with cues has been claimed to require flexible, 
explicit knowledge, especially when more than one cue and less reliable cues are 
involved (e.g., P. Reber, Knowlton and Squire, (1996), showed that amnesic patients 
whose declarative memory was severely impaired performed less well on such a 
reversed task than control participants). Thus, there is conflicting evidence 
concerning the flexibility of implicit knowledge: AG studies showed that it is 
flexible, but the cue association study of P. Reber et al. showed that it is not. It 
remains unclear, however, whether this conflict is caused by a difference in 
underlying processing mechanisms or in methodology. An important 
methodological difference is that in the AG studies the task remains the same, but 
the stimuli change, whereas in the cue association study of P. Reber et al., the 
reverse is the case. It thus seems reasonable to assume that implicit knowledge can 
be generalised to new instantiations, but not (or to a lesser extent) to different tasks. 

Testing whether learning is implicit or explicit is very difficult, because there 
are no clear boundaries between implicit and explicit processes and nearly all 
cognitive processes have both implicit and explicit aspects. This means that implicit 
learning should not be ruled out as soon as any awareness has been established, nor 
should implicit learning only be assumed when there is no awareness at all of the 
learning process or product. The same argument holds for implicit and explicit 
knowledge, which can (and often do) co-exist and operate simultaneously. 

A number of neuro-imaging studies have attempted to locate implicit and 
explicit knowledge in the brain (e.g. Paradis, 1994; A. Reber et al., 1999). There 
appear to be two independent, interacting systems that are subsumed by distinct 
neuroanatomical structures. Explicit learning and memory seem to be supported by 
specific areas, such as certain areas in the medial-temporal lobe. Implicit learning 
and memory, on the other hand, appear not to be supported by a single brain system, 
but rather by widely divergent and diffuse neural structures. This makes them less 
vulnerable to neurological damage than explicit learning and memory. 

A. Reber et al. (1999) decribe the basic characteristics of implicit learning that 
have been firmly established by the data as follows: 

 



8 CH APTER 2   

 

“implicit learning (a) operates largely independent of awareness, (b) is 
subsumed by neuroanatomical structures distinct from those that serve explicit, 
declarative processes, (c) yields memorial representations that can be either 
abstract or concrete, (d) is a relatively robust system that survives 
psychological, psychiatric, and neuroanatomical injury, (e) shows relatively 
little interindividual variability, and (f) is relatively unaffected by ontogenetic 
factors.” (p. 504) 

2.1.2 Implicitness and Explicitness in Second Language Learning 

Before turning to the concept of implicitness in second language acquisition, let us 
first take a closer look at the notions it is frequently applied to: instruction, learning 
and knowledge. The distinction between these three notions is often unclear. In this 
dissertation, they are interpreted in the following way when concerning the 
acquisition of specific grammatical structures. Instruction refers to the description of 
language phenomena, and explanations or directions given by teachers or textbooks. 
Learning, on the other hand, is a process that takes place in the mind/brain of the 
learners and that is influenced by their willingness and intention to learn in general, 
or to learn specific aspects of the language. Finally, knowledge is the product or 
result of learning and the basis for later performance. 

The criteria for implicitness of learning and knowledge in the literature on 
second language acquisition are similar to those as in the psychological literature. 
The most often used criterion in second language research is awareness. Explicit 
learning is often defined as learning with awareness at the point of learning, whereas 
implicit learning is characterised almost without exception as learning without such 
awareness (DeKeyser, 2003; Ellis, 1994a; Krashen, 1994; Schmidt, 1994a, 1994b; 
Sharwood-Smith, 1994; Williams, 1999). In addition, implicit learning is also often 
said to be unintentional. 

Grammatical knowledge is considered explicit when it involves conscious 
awareness of the formal properties of the target language, so that it is verbalisable on 
demand. It may be expressed in metalinguistic terms, i.e. special terminology for 
labelling linguistic concepts, or in everyday language. Implicit knowledge is often 
considered to be the result of implicit learning. Because of the lack of awareness and 
intentionality during learning, language users are not (immediately) aware of the 
existence and nature of the knowledge they have acquired, and are therefore not able 
to verbalise it. As a result, implicit knowledge can only be attested in performance, 
when learners show that they can correctly understand or produce utterances. Often, 
the absence of the ability to verbalise knowledge—in combination with accurate 
performance—is taken as an indication of implicitness. This does not mean, 
however, that when learners are able to verbalise knowledge, they only have explicit 
knowledge: implicit knowledge of the same grammatical phenomenon might also be 
present. 

In contrast to implicit knowledge, which is said to be learned incidentally, some 
researchers claim that explicit knowledge is learned intentionally (e.g. Krashen, 
1994; Paradis, 1994). Others consider intentionality to be related to—but in 
principle separate from—the notion of implicitness. Hulstijn (2002, p. 206), for 
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instance, claims that implicit learning takes place whenever information is processed 
receptively, be it deliberately or unintentionally. 

Explicit instruction refers to the presentation of explanations about the language 
or rule descriptions. Instruction can also take the form of directions to attend to 
particular forms, input enhancement or other techniques to make target structures 
more likely to be attended to, but these are often not considered explicit instruction 
(cf. Schmidt, 1994a). 

A large number of studies have concerned the effectiveness of (different types 
of) L2 instruction on ‘rule-governed aspects’ of the L2, more specifically, 
morphology, syntax or pragmatics. In order to summarise the state of cumulative 
knowledge in this domain, Norris and Ortega (2000) performed a meta-analysis of 
49 of this type of experimental and quasi-experimental studies that had been 
conducted between 1980 and 1998 (cf. section 3.2). It seems that explicit L2 
instruction indeed has an effect, which is durable and more substantial than implicit 
instruction. However, some caveats are in order. Importantly, the comparison 
between implicit and explicit treatment tasks is often confounded by other relevant 
aspects, such as intensity, variety of tasks and training length. Furthermore, outcome 
measures often favour explicit treatments. 

Williams (to appear) showed that it is possible, in principle, for learners to 
become sensitive to form-meaning connections without being aware of what those 
connections are, and without attending to the relevant meaning features during 
training. In two experiments, participants learned an artificial version of their L1, 
English, with articles marked for animacy and distance (‘near’ or ‘far’). Training 
consisted of 144 items and focused on comprehension of form-meaning connections. 
At post-test, a number of participants showed sensitivity to animacy in trained items 
and generalisation items, although they did not show awareness of it. 

2.1.3 Interface Positions 

Implicit knowledge is usually considered to be of a different type than explicit 
knowledge. They are, for example, differentially accessible to conscious inspection 
and probably reside in different parts of the brain. The relation between implicit and 
explicit knowledge, more specifically, whether one can change into the other or 
whether they interact, has been much debated. In other words, is there an interface 
between these two types of knowledge and if so, what does it look like? Some of the 
major points in the more recent literature are discussed here. 

There are three possible interfaces, all of which have been proposed at some 
point. Proponents of an interface position claim that explicit knowledge can turn 
into implicit knowledge after a sufficient amount of practice (e.g. Anderson, 1983, 
1993; Anderson & Fincham, 1994; Anderson, Fincham, & Douglass, 1997, 1999; 
DeKeyser, 1995; DeKeyser, 1997, 2003; Sharwood-Smith, 1981). In a non-interface 
position explicit knowledge cannot transform into implicit knowledge: they are 
learned or acquired separately (Hulstijn, 2002; Paradis, 1994; Truscott & Sharwood-
Smith, 2004; and all who have a modular view on language). A prominent 
proponent of this position is Krashen (e.g., 1985, 1994), who draws a sharp 
distinction between learning (intentional, explicit learning) and acquisition 
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(incidental, implicit learning). The former is a conscious process that results in 
“knowing about” language; the latter is a subconscious process that results in tacit 
linguistic knowledge. 

Another proponent of this view is Schwartz (1993; 1999). In an attempt to 
reconcile Fodor’s Language Module with Chomsky’s Language Faculty, Schwartz 
(1999) argues that there is an innately given module specific for the domain of 
language. This module is informationally encapsulated, that is, it can only take as 
input those representations that are compatible with it. Because explicit knowledge 
is not of the correct type, it cannot feed into the module and has no effect on the 
language system and processes (in other words, explicit knowledge cannot change 
the interlanguage grammar). Schwartz sees the theory of the modular mind as a 
reinforcement of Krashen’s distinction between learning and acquisition. 

Proponents of a weak interface position steer a middle course and claim that 
explicit knowledge cannot turn into implicit knowledge, but that it can influence the 
acquisition of implicit knowledge (N. Ellis, to appear; Long & Robinson, 1998; 
Paradis, 1994; VanPatten & Cadierno, 1993a, 1993b; VanPatten & Oikkenon, 
1996). Explicit knowledge may make specific features of the input more available 
for learning, for instance, by focusing attention or changing the way input is 
processed, or by making learners notice the gap between the input and their own 
production. 

It is important to keep in mind that most learning activities do not promote 
exclusive acquisition of either implicit or explicit knowledge. For instance, explicit 
learning activities usually also provide input, which may result in acquisition of 
implicit knowledge. On the other hand, activities aimed at the acquisition of implicit 
knowledge may result in explicit knowledge if the learners become aware of the 
learning target. This coexistence of different types of knowledge of the same 
phenomenon and their mutual influence make it very difficult—if not impossible—
for researchers to assess the nature of the knowledge that has been learned in a 
specific task. 

2.2 Associative Accounts of Learning: Implicit Knowledge as Networks 

The rationale of the present study is based on associative accounts of language 
learning, such as those described by N. Ellis (2002a; 2003; to appear) and Hulstijn 
(2002). Ellis argues for an interpretation of implicit learning as the formation and 
strengthening of representations and associations. It starts out at low, concrete 
levels, for instance as representations of phonemes or words. After a (large) number 
of instances of these low-level representations has been processed, associations start 
to form with frequently co-occuring elements. This associative learning process is 
called chunking. It operates at all levels of representations: from phonology up to 
discourse and from small and concrete representations to larger and more abstract 
ones. Eventually, chunking may lead to the formation of abstract categories, which 
may resemble categories known from syntactic theories, such as ‘noun’ or ‘verb 
phrase’. This means that although learning starts out at low, subsymbolic levels, 
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symbolic chunks may also evolve. It is important to note, however, that although 
processing of these symbolic chunks may eventually come to appear rule-like, 
according to this view, no rules as such are represented in the network of 
representations and associations. Thus, these chunks will not be rule-governed. 

Knowledge in the form of networks is considered to be implicit knowledge. 
Consciousness may help make this knowledge explicit, since learners may become 
aware of the implicit knowledge they have acquired when they use it during 
comprehension or production. For instance, a learner of English as a second 
language, when editing a written homework assignment for his English classes, 
could suddenly become aware of the fact that plurals are often formed by adding /s/, 
/z/, or /iz/ (in spoken language; –s or –es in written language) to the stem of a noun. 
When this happens, learners might consciously attempt to induce a rule and thus 
gain explicit knowledge of the rule. In this way, implicit learning can lead to explicit 
knowledge, but it has been mediated by implicit knowledge. 

If learning, as N. Ellis (2002a; 2003; to appear) argues, starts out at low, 
concrete levels, it can be argued that implicit learning and knowledge have their 
origins in explicit knowledge. This explicit knowledge takes the form of 
representations of, for instance, phonemes or words, which are stored and form 
connections with other representations. Explicit knowledge of (metalinguistic) rules, 
on the other hand, does not play a role in acquisition of implicit knowledge, because 
the formation of representations and the adjustment of the connections between 
them can only be established by processing of input or output. 

One way to implement accounts of language acquisition, including associative 
accounts like those described above, is with connectionist models. They provide the 
opportunity to examine more closely the relation between language exposure and 
learner competencies. Connectionist models usually consist of a network of 
interconnected nodes that can get an activation level between 0 and 1 and can 
activate each other. The more recent and more common networks consist of three 
layers of nodes: an input layer, an output layer and an intervening layer. There is no 
direct contact between the input and output layers, only indirectly through the 
intervening layer. This layer is called ‘hidden’ because it does not have contact with 
the actual input or output, only with the input and output nodes. Learning algorithms 
define how the strengths (or weights) of the connections between the nodes are 
adjusted. More in-depth explanations about the contribution of connectionist models 
to second language acquisition theory are given by Broeder and Plunkett (1994) and 
N. Ellis (2003). 

The predictions of associative accounts of language learning can be tested by 
showing that models can accurately simulate the acquisition process shown by 
humans. For instance, Kempe and MacWhinney (1998) compared data of 
learners’comprehension of German and Russian case marking with connectionist 
simulation data. Both showed a large influence of distributional characteristics of 
morphological, syntactic and semantic cues in the input. The model succeeded in 
simulating human data on most, though not all, relevant aspects. Kempe and 
MacWhinney interpreted this as support for the notion that L2 learning in adults has 
a large associative component. 
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Similarly, Ellis and Schmidt (1998) simulated human data with a connectionist 
model. Data of learners producing singular and plural forms of an artificial language 
showed a regularity by frequency interaction: differences in accuracy and latency 
were found between high and low frequency forms for irregular words, but not for 
regular words. This interaction is often explained by proposing a dual-route 
mechanism: rule use (frequency insensitive) for regular forms, and item retrieval 
(frequency sensitive) for irregular forms. However, there is an alternative 
explanation which involves frequency. Frequency plays an important role in 
associative accounts of language learning. It determines the strength of the 
connections between the representations. More frequently processed items 
(morphemes, words, word orders, etcetera) will in general have stronger connections 
with other items—and with more items—than less frequently processed items. As a 
consequence, more frequently processed items will be activated more easily, faster 
and in more contexts during subsequent processing. Because rule-like items, such as 
regular past tenses, occur in many contexts and are very frequent, they are processed 
fast, leaving little room for variability in speed. Individual irregular forms are less 
frequent than regular affixes and occur in far fewer contexts so that they are 
processed more slowly. The speed of processing is also more strongly affected by 
frequency differences. It is this difference between high and low frequency of 
regular and irregular forms that gives rise to the interaction between frequency and 
regularity. Ellis and Schmidt presented simulation data that showed that the same 
interaction was obtained with the model. In addition, both human data and 
simulation data showed that initially there were frequency effects for both regular 
and irregular words, but with increased exposure the effect was attenuated for 
regular forms. In short, it has been shown that connectionist models can learn to 
operate in a rule-like way, although they are not rule-governed, since there are no 
rules present in the network of associations. 

Some theories of language learning combine associative and symbolic insights. 
Hulstijn (2002) claims that some linguistic knowledge is encoded and stored in 
distributed network form, some in the form of rules and some in both forms. He 
defines implicit learning in terms of the construction of networks of associations. 
Explicit learning, in his view, refers to “a conscious, deliberative process of concept 
formation and concept linking” which leads to “the construction of explicit, 
verbalisable metalinguistic knowledge in the form of symbols (concepts) and rules, 
specifying relationships between concepts”, or explicit knowledge (2002, p. 206). 

Another account of language knowledge that combines symbolic and 
connectionist insights was presented by Truscott and Sharwood-Smith (2004). On 
the one hand, it is symbolic because it is based on Jackendoff’s general description 
of the architecture of language with phonological, syntactic and conceptual/semantic 
structures with interface processors between them. In this view, language is seen as 
modular. The language module includes the phonological and syntactic structures 
that interface with systems outside of the module, such as the conceptual system. 
More specific details of the module are filled in using the by Principles and 
Parameter theory. On the other hand, the model has connectionist and associative 
aspects with respect to working memory, which is seen as a transient pattern of 
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activation of elements within long-term memory. The long-term memory store of 
language is the lexicon, in which the lexical entries consist of links to phonological, 
syntactical and conceptual information. Metalinguistic knowledge is considered 
extramodular, so that this is a clear non-interface model. 

2.3 Skill Acquisition: Declarative and Procedural Knowledge 

In associative views of language learning there is, in essence, no difference between 
example use (or instance use) and ‘rule’ use, since rule-like behaviour actually is 
usage of examples or chunks. In contrast, some other models are based on rule use, 
such as Anderson’s ACT-theories (e.g. ACT-R; Anderson, 1993, 1995; Anderson & 
Fincham, 1994; Anderson et al., 1997, 1999). This is a general theory of learning not 
specific to language learning, but it has been applied to language learning by some 
researchers (see below). Learning is said to progress through three overlapping 
stages. In the first stage, examples are stored in memory and used for either 
retrieval—if the test item is identical to the training item—or analogy—if the test 
item is new. In the second stage, after enough examples have been stored, abstract 
knowledge is gained that explicitly describes the relationships between items. In 
these first two stages, knowledge is said to be declarative, that is, it consists of 
explicit knowledge of facts. It can be in the form of examples or relations. In the 
third stage, knowledge is proceduralised so that productions (or production rules) 
emerge, i.e. knowledge of how to perform a certain task. They take the form of “If X 
is the case, Y must be the case” and are part of procedural knowledge. At this point, 
both declarative and procedural rule knowledge are present. Production rule use 
allows more rapid responses than declarative rule use, but only works in one 
direction: the trained direction. Anderson et al. (1997) argue for a fourth and final 
stage of learning, in which the role of example knowledge increases again. Retrieval 
of examples is faster than application of rules. Because after a large amount of 
training the number of stored examples is very large, retrieval is possible in many 
cases and thus will often be faster than rule use. Importantly, Anderson and 
associates stress that performance in a skilled task can reflect a complex mixture of 
all processes, i.e. analogy and simple retrieval of examples as well as use of 
declarative rule knowledge or procedural rule knowledge. 

Anderson (1995) defines declarative knowledge as explicit knowledge of 
various facts, and procedural knowledge as knowledge of how to perform various 
tasks. Therefore, it seems as if there is no difference between explicit knowledge 
and declarative knowledge, and between implicit knowledge and procedural 
knowledge. In fact, the ACT-R account of learning and associative accounts of 
learning show many similarities. Both attribute a substantial role to knowledge of 
examples, which is the starting point for learning and forms the basis for abstraction. 
For instance, Anderson and Fincham (1994, p. 1323) argue, within the ACT-R 
theory, that “a major avenue for the acquisition of procedural knowledge” starts with 
a declarative representation of examples that are used for analogy. Both accounts 
claim that there is a gradual shift from example-based processing to rule-based or 



14 CH APTER 2   

 

rule-like processing. Rule knowledge may or may not be verbalisable and accessible 
for conscious reflection by the learner. Both accounts suggest that at any point in 
time, rules as well as examples can be used to perform the same task. Therefore, 
declarative/procedural knowledge and explicit/implicit knowledge may not be two 
co-existing systems of knowledge but rather a different description of the same 
system. 

This is also implied by Wallach and Lebiere (2003), reasoning within the ACT-
R cognitive architecture. They “attribute explicit learning to ACT-R’s declarative 
chunk learning mechanism, while implicit learning is modelled using subsymbolic 
activation learning mechanisms” (p. 246). The symbolic declarative knowledge 
(chunks) and procedural knowledge (productions) are associated with subsymbolic 
numerical quantities that control which productions are used and which chunks are 
retrieved from memory, thus reflecting past experience, present context, and 
frequency of use. This shows that ACT-R is moving towards associative theories of 
learning even further, because associations, frequency and context play an 
increasingly important role. 

The ACT-R theory has been applied to language learning by DeKeyser 
(DeKeyser, 1997; DeKeyser & Sokalski, 1996). He found that learning of a 
morphosyntactic structure of an artificial language developed in a fashion similar to 
learning of other cognitive skills: learning developed gradually over time, the 
learning curve of reaction times and accuracy followed a power function, and 
improvement in performance was skill-specific. Skill specificity refers to the finding 
that performance improves most in the type of task that has been practiced, i.e. 
production practice leads to an increase in production skills, and comprehension 
practice to an increase in comprehension skills. Some influence between the two 
types of tasks may occur as a result of the more flexible declarative knowledge, but 
not proceduralised knowledge (see also section 2.5.2). 

2.4 Automaticity 

Associative as well as proceduralisation accounts of language learning make claims 
about the automaticity of processing of knowledge and about the process of 
automatisation that leads up to it. Over the years, many characteristics of automatic 
and controlled processing have been proposed in different combinations. Automatic 
processing has been characterised as fast, accurate, parallel, unstoppable, difficult to 
modify, hidden from conscious perception, independent from working memory and 
attentional constraints, and resulting from extensive and consistent training. 
Overviews of the literature on automaticity have been given by DeKeyser (2001), 
Segalowitz (2003) and Segalowitz and Hulstijn (in press). Researchers now seem to 
agree on at least the first three criteria: automatic processing is fast, accurate and 
parallel (i.e. interference from and with simultaneous tasks is small). And 
importantly, automaticity is not considered a dichotomy but rather a continuum. 

Many different explanations for automatic processing have been propounded, 
which are at times contradictory. Automaticity has been attributed to rule use or 
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memory retrieval, or to both. In Anderson’s model (ACT), for instance, automaticity 
depends on the formation of rules. As knowledge becomes proceduralised, it 
becomes fast and efficient. In addition, is becomes asymmetrical, which means that 
it can only be used in one direction (e.g., knowledge is proceduralised for writing 
computer code, not for reading it). This proceduralisation is often considered to be 
automatisation. McLaughlin (1990) explains automatisation in terms of 
restructuring. He argues that in learning complex cognitive skills, controlled 
attention-demanding operations become automatic as a result of practice. An 
increasing number of information chunks are compiled into automated procedures, 
freeing up attentional capacity for higher levels of processing. Strategies are shifted 
and internal representations of the target language are restructured; for instance, a 
shift is made from exemplar-based representations to more rule-based 
representations. 

On the other hand, in Logan’s (1988) instance theory of automatisation, 
learning starts out as slow use of rules (algorithms). As more and more instances are 
processed and stored, these instances are retrieved faster than the rules are applied, 
and automatic behaviour emerges. In short, in this account, automatisation is the 
transition from algorithm use to direct retrieval of instances from memory, which is 
the converse of Anderson’s skill acquisition theory. 

In a recent description of ACT-R, Anderson, Fincham and Douglas (1997) 
acknowledge the importance of item retrieval even after the compilation of 
production rules: extensive practice results in a large number of items in declarative 
memory that may be retrieved faster than production rules are deployed. Unlike in 
Logan’s instance theory, however, it is claimed that automatisation does not only 
occur for stimuli identical to memorised instances: Anderson and Fincham (1994) 
found that reaction times also decreased without any exact repetition of examples. 

Anderson and Logan, as many others, present the power-law of practice as 
evidence for automatisation (or proceduralisation). This power-law describes the 
gradual drop-off of reaction times, which starts out rather quickly but soon slows 
down until it reaches an asymptote. It has been found in many different types of 
learning, such as perceptual-motor skills (mirror-tracing), perception (reading 
‘upside down’ text), and problem solving (playing a game of solitaire). A number of 
such studies have been reviewed by Newell and Rosenbloom (1981). The general 
form of the law they present (p. 19) is 

 
 T = A + B(N + E)-α 

 
where T is the time needed to complete a task, A is the asymptote that is approached 
as the number of trials (N) increases indefinitely, A+B is the performance time on 
the first trial (when N+E=1), E is the number of trials of learning that occurred prior 
to the first trial (i.e., prior experience), and α is the slope of the line (i.e., the 
learning rate). A positive value of α indicates a decreasing curve, because of the 
minus sign before it. Plotting log(T – A) against log(N + E) yields a straight line 
whose slope is –α, which gives the law its other name, log–log linear learning law. 
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Another characteristic of automatic behaviour is described by Segalowitz and 
Segalowitz (1993). They argue that automatic behaviour is not only faster, but also 
more stable than controlled behaviour, because automatisation is the result of a 
change in the component processes used for performing a task. Practice may lead to 
a different organisation of component processes, as inefficient processes drop out or 
new, more efficient processes replace others (cf. restructuring, McLaughlin, 1990). 
The authors are not very explicit about what these processes are, as they only refer 
to processes that ‘involve decision-making and supervisory functions’ (p. 374). 
When such slow and unstable processes drop out or are replaced by faster and more 
stable processes, speed increases and, importantly, the relative variability in 
performance decreases. Segalowitz and Segalowitz propose to use a measure for 
relative variability known from psychometrics, the coefficient of variability (CV)1. It 
is defined as the standard deviation divided by the mean of the reaction times (RTs), 
for instance on a lexical decision task. Since automatisation implies reductions in the 
overall mean RT (speed-up) as well as reductions in CV (more stability), the CV 
correlates with mean RT during automatisation. If mean RT decreases but CV does 
not, they do not correlate, showing that there is no automatisation, but only speed-
up. Segalowitz and Segalowitz found support for the CV as a measure of 
automatisation. CV did not correlate with mean RT on a stimulus detection task, 
which was expected to only reflect speed differences. However, CV did correlate 
with mean RT on a speeded lexical decision task, which was expected to reflect 
automatisation differences between the participants, whose skill in English as a 
second language varied.  

In line with the ideas about restructuring (McLaughlin, 1990) and a change in 
component processes (Segalowitz & Segalowitz, 1993), N. Ellis (2002a) contends 
that the basic principle of automatisation is chunking—the repackaging of 
independent units into larger units, so that the identity of component units is 
gradually lost. 

Implicitness of knowledge is often referred to as a notion distinct to 
automaticity. R. Ellis (1994b) argues that implicitness and automaticity intersect: 
processing of both implicit and explicit knowledge can be either controlled or 
automatic. Although Ellis claims that all four combinations may, in principle, exist 
simultaneously (p. 86), he describes automatic processing as a consequence of 
practice (p. 99), which seems to make it impossible for controlled and automatic 
knowledge of the same type (implicit or explicit) to co-exist. 

Several other researchers, either implicitly or explicitly, present automaticity 
and implicitness as two related notions. It seems that they consider automaticity to 
be a feature of implicit knowledge or learning. DeKeyser (2003) implies that 
implicit knowledge is processed automatically as he writes “If, however, the 
criterion for ‘acquired’ knowledge is that it be available with the same degree of 
automaticity as implicitly acquired knowledge, then it is not clear why the end 
product of automatisation processes as documented in DeKeyser (1997) could not be 
considered ‘acquired’ [emphasis added]”. Paradis (1994) explicitly claims that 
implicit competence is “acquired incidentally … stored implicitly … and used 
automatically”. Hulstijn (2002) argues that the apparent automatisation of explicit 
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knowledge is in fact either only a quantitative ‘speeding up’ or the acquisition of a 
separate and additional system of implicit knowledge. He identifies automatisation 
as an incidental feature of implicit learning, subject to the power law and dependent 
on frequency of information processing. Schmidt (1994a) contends that automatic 
use is related to procedural knowledge and “implicit memory” but is not by itself 
evidence for implicit learning. N. Ellis (2002a) also suggests a strong relation 
between automaticity and implicit learning, identifying chunking and counting as 
implicit processes and the basic principles of automaticity. In summary, automaticity 
might just be one of the characteristics of implicit knowledge. R. Ellis (to appear) 
now seems to agree with this, because he stated that “Implicit knowledge involves 
automatic processing; explicit knowledge controlled processing.” 

2.5 Asymmetry of Knowledge and Processing 

As mentioned before, the inflexibility or asymmetry of knowledge is sometimes 
claimed to be an aspect of automaticity, in that automaticity leads to differential 
proficiency in comprehension and production. This is one of the reasons why, to 
obtain a more comprehensive account of second language acquisition, it is useful to 
consider both receptive and productive skills. Theories should make clear statements 
about whether they assume that the same knowledge base—whether implicit or 
explicit—and the same set of processing mechanisms are drawn upon in receptive 
and productive tasks. Unfortunately, most accounts of L1 or L2 knowledge and 
processing fail to do so. This shortcoming has already been pointed out by Hagoort, 
Brown and Oosterhout (1999), who observed that in research on the neural 
architecture of syntactic processing, the issue of whether the processing machinery 
for grammatical encoding and parsing is identical, has hardly been explicitly 
addressed. Fortunately, some research has become available recently. 

Grodzinsky (2000) argues that lesions in Broca’s area lead to deficits in both 
comprehension and production. However, the deficits are different, because they are 
more restricted for comprehension than production. Therefore, Grodzinsky 
concludes that comprehension and production mechanisms may be anatomically 
close but nevertheless functionally separate. On the other hand, Indefrey, Hellwig, 
Herzog, Seitz, and Hagoort (2004) present neuro-imaging data (PET) of German 
speakers, which shows that a specific area in the brain (a region in caudal Broca’s 
area (BA 44) and the adjacent Rolandic operculum) was more strongly activated 
during the production of sentences than during production of syntactically unrelated 
words. However, when the same stimuli were presented auditorily for 
comprehension, no region could be identified that was sensitive to syntactic 
complexity. Nevertheless, and contrary to Grodzinsky, Indefrey et al. do not assume 
separate syntactic processors for comprehension and production in Broca’s area. 
Rather, they offer as explanations that the sentences were relatively simple and that 
semantic processing may have largely taken over from syntactic processing, because 
it was beneficial for participants to adopt a lexical semantic strategy for solving the 
comprehension task (a purely semantic match/mismatch task). Some results 
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suggesting that comprehension and production share knowledge and processing 
mechanisms are provided by Thornton & MacDonald (2003), who found similar 
effects of plausibility on the comprehension and production of L1 subject–verb 
agreement processing (in English; see section 3.2.1). However, they stress that 
comprehension and production are fundamentally different tasks: they pose different 
demands on processing and therefore differentially affect behaviour. 

More evidence for commonalities between comprehension and production is 
given by studies of syntactic priming. Syntactic priming is the phenomenon that 
speakers tend to repeat syntactic structures that they have recently produced or 
comprehended. Many syntactic priming studies involve the alternation between the 
double-object (DO) and prepositional object (PO) constructions of verbs such as to 
give: speakers have a choice between The boy gave the girl a book (DO) and The 
boy gave a book to the girl (PO). After having comprehended or produced one of 
these constructions, speakers are more likely to use the same construction in 
subsequent utterances. This phenomenon is not lexically specific: it also occurs 
when subsequent production requires different verbs with different inflections for 
number or tense. 

A number of syntactic priming studies are reviewed by Pickering, Branigan, 
Cleland, and Stewart (2000) in order to demonstrate how these studies are 
informative about syntactic representations and processing. They assume that 
procedures for comprehension and production must be different, because their 
directions are opposite. It is possible that some procedures are shared, but that would 
mean that priming from comprehension to production should be weaker than 
priming from production to production. This is contradicted by the strong priming 
from comprehension to production found by Branigan, Pickering and Cleland 
(2000). Therefore, Pickering et al. argue that this type of priming does not take place 
(exclusively) through shared procedures, but via the common store of syntactic 
information in the lemma stratum, as described by Levelt, Roelofs, and Meyer 
(1999). For instance, the double-object construction activates a different node than 
the preposition object construction. The persistence of activation of a node will 
make it more likely to be selected during subsequent processing, whether for 
comprehension or production, resulting in priming. 

2.5.1 Receptive and Productive Processing in SLA 

Many language learning studies concern either comprehension or production, but do 
not address the issue of whether and how these two skills are related. Kempe and 
MacWhinney (1998) acknowledge that they could only make claims about 
comprehension and not about the productive use of the target structure they 
investigated, since “the distributional characteristics relevant for comprehension and 
for production may well differ” (p. 581). Of those who do directly address the issue, 
Bates and MacWhinney (1989) hold that comprehension and production make use 
of the same system of representations, but the real-time exigencies of processing 
may be quite different. A similar claim is made by Izumi (2003) for explaining the 
differences between receptive and productive processing of relative clauses in L2 
English. He argues that different types of relative clauses may put different demands 
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on processing, which results in a hierarchy of processing difficulty. However, 
because memory demands for each type of relative clause may be different for 
comprehension and production, there may be a different hierarchy for each 
direction. Izumi makes tentative claims that productive knowledge lags behind 
receptive knowledge and that productive ability is more susceptible to processing 
difficulty than is receptive ability. 

The claim that “production involves the same items and mechanisms as 
comprehension”, except in reverse, was made by Truscott and Sharwood-Smith 
(2004, see above), as part of their Acquisition by Processing Theory (APT). They 
argue that acquisition takes places when processing adds new items, alters old items 
or raises resting levels of activation. If learners receptively process a sentence with a 
case-marked noun, the syntactic processor will connect the noun to one of the case 
items in syntactic structure (e.g., nominative or accusative). If no suitable case item 
exists, a new item is created. Although the new item was specifically created for the 
purpose of building the current representation, it does not disappear. Its resting level 
of activation is low initially but rises quickly through continued use. The new 
representation is now available for comprehension as well as production. 
Importantly, Truscott and Sharwood-Smith claim that production can only 
strengthen existing items and features, which may be transferred from L1 (although 
probably only under certain conditions). However, new items and features can only 
be established by comprehension. 

Similarly, associative accounts of language learning, such as those put forward 
by Ellis (2002a; 2003; N. Ellis, to appear), imply that at least in the initial stages of 
acquisition, receptive processing is most important because connections must be 
tuned to (co-)occurrences in the input. The resulting implicit knowledge base 
should, to a certain extent, be available for production. Therefore, it seems 
reasonable to assume that if learners are required to produce sentences too early, 
they will have to fall back on incomplete or incorrect knowledge, on knowledge of a 
first or other language, or on explicit knowledge of rules or formulae. When output 
leads to incorrect forms or structures, acquisition of correct knowledge may be 
hindered. Consequently, it seems that only after correct implicit or explicit 
knowledge of a structure has been sufficiently established receptively, should 
production of that structure take place to further tune the existing network and to 
establish any processes specific to production. Because acquisition of implicit 
knowledge is gradual, it is not possible to identify a priori a point at which 
knowledge is sufficiently established: it should be empirically assessed. 

The importance of receptive processing for learning is also stressed by 
VanPatten (e.g., VanPatten, 2002a; VanPatten & Cadierno, 1993a, 1993b; 
VanPatten & Oikkenon, 1996). From the perspective of the theories of Krashen 
(1982) and Schwartz (1993), who posit a single acquired language competence that 
is to be the basis for comprehension as well as production, VanPatten claims that 
there is an asymmetry between comprehension and production skills. He presents 
evidence for the effect of a particular type of receptive training on productive 
performance (see section 2.5.2). It should be noted, however, that Schwartz has 
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since argued that, although there is a shared knowledge base, there are separate 
computational modules for comprehension and production (Schwartz, 1999). 

In contrast, DeKeyser (1997) addresses the asymmetry issue from the 
perspective of Anderson’s ACT-theory of skill learning, which asserts that skill 
learning starts out by turning declarative knowledge into qualitatively different 
procedural knowledge (e.g. Anderson, 1983, 1993; Anderson & Fincham, 1994). 
Declarative knowledge is flexible and can be used in different types of tasks. 
Procedural knowledge, on the other hand, is skill-specific, as it can only be used in 
the direction commensurate with practice. Therefore, the two skills of 
comprehension and production each require separate practice. 

From this section and the previous one, it can be concluded that receptive and 
productive processing at least partly share representations and procedures. 
Acquisition may most efficiently start out with receptive processing, in order to 
establish representations and receptive procedures. Some claim that a subsequent 
stage of production can strengthen processes further. To my knowledge, no research 
has been conducted yet that directly tests these claims about asymmetry in second 
language acquisition. There has been one line of research, however, that has 
addressed a related issue, and this will be discussed in the next section. 

2.5.2 The Effect of Training on Comprehension and Production 

The line of research of VanPatten and associates (e.g.,VanPatten, 2002a; VanPatten 
& Cadierno, 1993a, 1993b; VanPatten & Oikkenon, 1996), based on claims by 
Krashen and Schwartz (e.g., Krashen, 1985; Schwartz, 1993), addresses the effect of 
processing of input on performance in comprehension as well as production tasks, 
focusing on the effects of Processing Instruction (PI). PI attempts to alter the way in 
which input is processed, so that the underlying implicit system of knowledge is 
adjusted, and performance improves in receptive as well as productive tasks. This 
altering of input processing is done by increasing the communicative value of the 
structure to be learned, so that form-meaning connections can be formed. The role of 
output in this account of acquisition is described as a focusing device and necessary 
to develop fluency and accuracy. PI has mostly been compared to traditional 
instruction (TI) that comprises explicit instruction about the target rule and a series 
of mechanical, meaningful, and communicative output activities. VanPatten (2002a) 
gives a review of studies providing evidence and counterevidence for the efficiency 
of PI. 

The original PI study by VanPatten and Cadierno (1993a) compared the effect 
of PI and TI. The experiment, in which the target was the acquisition of direct object 
clitics in Spanish, showed that PI resulted in better comprehension skills than the 
traditional, output-focused instruction, but that learners achieved equal levels of 
production skills following both instruction types. The authors claim that PI had led 
to acquired competence, whereas TI had only resulted in learned competence. To 
determine the role of rule explanation in PI, VanPatten and Oikkenon (1996) 
replicated the study of VanPatten and Cadierno. This replication included a group 
receiving explanation only, one receiving structured input activities only, and one 
receiving PI, that is, explanation as well as structured input activities. After training, 
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only the PI group and the structured input group had improved their scores on the 
comprehension task, whereas the explanation group had not. On the production 
tasks, there were significant main effects of Treatment and Time. The accuracy of 
the PI group was significantly higher than that of the explanation-only group, but 
because no interaction was found between Treatment and Time, it should be 
assumed that the improvement in accuracy was equal for all groups. VanPatten and 
Oikkenon concluded that PI resulted in changes in the developing system, but that 
explicit information did not play a significant role; it was the structured input that 
underlied the improvement. The authors could not rule out, however, that 
participants in the ‘structured input only’ group spontaneously induced explicit 
knowledge, which may have affected the results. 

DeKeyser and Sokalski (1996) argue that the findings in the VanPatten and 
Cadierno (1993a) study are attributable to imperfections its design: the type of 
grammar explanation and the amount of attention on meaning and forms differed 
between the training groups. Therefore, DeKeyser and Sokalski conducted a similar 
experiment in which they kept these factors constant for both training conditions. In 
addition, they chose two target structures: (1) direct object clitics, which were 
considered easy for comprehension but difficult for production, and (2) conditional 
forms of the verb, which were assumed to be easy for production but difficult for 
comprehension. Comprehension and production tests revealed mixed results. In 
immediate post-tests, input practice was generally better for comprehension, and 
output practice better for production when direct object clitics were concerned. For 
the conditional verb forms, however, output practice was generally more efficient 
than input practice. Delayed post-tests showed no significant differences among the 
groups for either structure. It seems that neither training condition had led to an 
acquired competence that was available for both comprehension and production. 
DeKeyser and Sokalski acknowledge that the amount of practice in their study was 
limited (four times 25 minutes of practice, and a database of 115 practice items), 
which made it less likely that knowledge had been proceduralised (cf. that implicit 
knowledge had been acquired). They claim that any transfer between comprehension 
and production occurred via declarative (cf. explicit) knowledge. In short, 
participants might not have relied on implicit knowledge during the tests, but rather 
on explicit knowledge. 

The same problem applies to the studies of VanPatten and Cadierno, and 
VanPatten and Oikkenon: it is not clear what type of knowledge underlied 
performance in comprehension and production. Although VanPatten (2002b) 
stresses that PI studies have never addressed the explicit–implicit distinction, he 
does claim that acquisition results in an implicit knowledge system (e.g., VanPatten, 
2002a, p. 796), and therefore commits himself to providing evidence for the 
implicitness of the knowledge deployed in the assessment tasks. Unfortunately, in 
none of the PI studies that he refers to, firm conclusions could be drawn as to the 
type of knowledge involved. First, as DeKeyser, Salaberry, Robinson, and 
Harrington (2002) pointed out, participants in all conditions may have had explicit 
knowledge: they either read explicit information about the target structure, or had 
the opportunity to induce a rule from the structured input activities. Second, 
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participants in all conditions may have used explicit knowledge. Conclusions in 
most of these studies are based on scores on off-line tests that gave participants 
opportunity to use explicit knowledge, especially because sentences were very short. 
For example, in the original VanPatten and Cadierno study, participants were asked 
to complete a sentence with only two words (“El chico piensa en la chica y 
entonces…” [la llama], The boy is thinking about the girl and then … [he calls 
her]). In the comprehension task, participants were asked to indicate the picture 
corresponding to the meaning of the sentence Lo ve María (Maria sees him). In both 
cases, it is easy to use explicit knowledge to quickly check the form and position of 
the pronoun. In addition, the tests were short: 10 target sentences for comprehension 
and only 5 for production. This may have limited the reliability of the tests and the 
power of the statistical analyses, but no information about this was provided. 
Finally, in most PI studies direction was confounded with modality as the 
comprehension tests were performed auditively, whereas the production tests were 
written. Written tasks are often considered to leave more room for explicit 
knowledge, which could explain the high accuracy found on the production tasks. 

Sanz (1997; VanPatten & Sanz, 1995) set out to generalise the earlier findings 
of VanPatten and Cadierno (1993a; 1993b) from the sentence completion data to 
more communicative and discourse-oriented language use, using oral video 
retellings and structured interviews. In addition, all tests were performed in the 
written mode as well as in the oral mode, because the former was expected to result 
in higher accuracy than the latter. Sanz shows that PI can lead to improvement not 
only on assessment tasks that require small amounts of production (written sentence 
completion), but also on tasks that require larger amounts of production (written 
video retelling). The latter are said to put higher demands on memory than the 
former. Because higher memory demands leave less space available for controlled 
processes, only knowledge that has been automatised can be used. However, on the 
task with the highest memory demands (oral video retelling) there was no significant 
improvement. Therefore, because implicit knowledge is usually considered not to 
rely on controlled processes, the lack of improvement on the oral video retelling task 
could lead to the conclusion that performance was the result of controlled 
processing, which is more typical for explicit knowledge than for implicit 
knowledge. Again, no clear evidence has been provided that the underlying implicit 
system had been changed. 

In sum, VanPatten (2002a; 2002b) stresses that PI leads to superior results to TI 
in several studies, and that this effects is found in a variety of assessment tasks (e.g. 
VanPatten, 2002a, p. 790-791). However, the exact causes of these results could not 
be identified, because PI and TI differ in more than one respect, among which the 
direction of training (comprehension or production), the content of the explicit 
information provided, and the type of knowledge (implicit or explicit) favoured by 
training. It has not been shown that performance was based on implicit knowledge. 
In addition, is it not likely that implicit knowledge was acquired because implicit 
knowledge is often considered to require large amounts of input or practice and the 
duration of training in these studies was relatively short; the experiments lasted 
about 4 hours in total. In all studies, a feasible alternative explanation is that the 
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results were due to practice with (given or induced) explicit knowledge. This means 
that the claim that PI can alter the underlying implicit knowledge system has not 
been supported, and therefore it cannot be claimed that this implicit knowledge is 
available for comprehension as well as production. 

A study with a longer, more substantial, training and with on-line tests, was 
performed by DeKeyser (1997). Three groups of participants each learned the same 
four morphosyntactic rules and 32 words of an artificial language, and then received 
eight weeks of comprehension training (not PI), production training, or a mixed 
comprehension–production training. Comprehension training consisted of indicating 
which of four pictures matched a sentence that was displayed in the middle of the 
computer screen. Production training consisted of typing the correct sentence 
corresponding to a picture. Comprehension and production tests took place during 
and after training, in single-task and dual-task conditions (see section 3.2.4). Speed 
and accuracy improved for all groups, but mostly so in the direction that had been 
practiced. Improvements achieved by the comprehension and production groups in 
their respective trained skills was equalled by the mixed training group. However, 
their performance was better than that of the comprehension and production group in 
the direction these groups had not trained in (for instance, the mixed group 
performed better than the comprehension training group on the production task). 
DeKeyser therefore claims that comprehension and production do not rely on the 
same knowledge system and processing mechanisms, and that both skills have to be 
practiced. 

2.6 An Integrative View of Implicitness, Proceduralisation and Automaticity 

In the psychological, L1 and SLA literature, several distinctions have been presented 
regarding the representation and processing of knowledge, which seem to overlap to 
some extent. These distinctions include explicit versus implicit knowledge, 
declarative versus proceduralised knowledge, controlled versus automatic 
processing, and the role of rules versus items in learning and processing. 

Implicit knowledge, proceduralised knowledge, and automatic processing have 
all been claimed to be characterised by neurological independence and by a lack of 
awareness and flexibility (asymmetry). Within an associative framework, the 
overlap might be explained as follows. Implicit knowledge is represented in the 
form of a network of more or less strongly associated nodes. In the early stages of 
learning, frequency of items is very low, so connections are weak and processing is 
slow. The use of explicit knowledge—which requires conscious, slow and unstable 
processing, or conscious analogy with stored examples—will often ‘win the race’ 
with implicit knowledge. As learning progresses, associations grow stronger, and 
new and more efficient associations are made (chunking). Consequently, processing 
speed increases and rule-like behaviour appears. As implicit knowledge will be 
processed faster, it will more often win the race. The gradual change from slow and 
controlled processing (of explicit knowledge) to faster, more stable and parallel 
processing (of implicit knowledge) can thus be explained. 
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Asymmetry of implicit knowledge, proceduralised knowledge, and automatic 
processing has received alternative explanations in terms of differential processing 
difficulty (Izumi, 2003) or differential complexity of structures for comprehension 
and production tasks (DeKeyser & Sokalski, 1996). These explanations may concern 
the same mechanisms that underlie implicit knowledge and automatic processing. 
All can be accounted for by a differential flow of activation, determined by the 
number and strength of connections. Connections that are relevant for production 
may well be irrelevant for comprehension, and vice versa. In the following chapters, 
it is relevant that production may require activation flow from a noun’s lemma node 
to a gender node to a determiner node, whereas in comprehension this activation 
flows from both the noun’s lemma node and the determiner node to the gender node. 
Thus, in production activation must flow from a gender node to a determiner node, 
whereas in comprehension it goes from the determiner node to the gender node. In 
other words, comprehension and production of the same structure may require 
different connections. Explicit rule knowledge, on the other hand, is handled by 
consciousness and can therefore be applied more flexibly. Furthermore, timing and 
relevance of certain processes may be different for comprehension and production. 
For instance, gender agreement can be ignored or checked post-lexically during 
comprehension, but has to be computed earlier on in production (see Chapter 3). 

The claims that implicit knowledge consists of representations and processes 
that can be used for comprehension as well as production, and that it can be formed 
by receptive processing, led to the two general research questions for the 
experiments presented in Chapters 4 and 5. 

1. Can training aimed at learning through receptive processing of many 
instantiations of a target structure pre-empt grammatical errors in 
production? 

2. Does the early introduction of tasks that call for production of instantiations 
of the same target structure lead to persistent grammatical errors in 
production? 

 



 

 

3 Training and testing the acquisition of 
gender agreement 

The two experiments in this dissertation can be characterised as computerised 
training studies that concern the acquisition of grammar in a second language by 
adult learners. Grammar, in this study, has been operationalised as one 
morphosyntactic structure in two contexts, more specifically, gender agreement 
between the noun and adjective in attributive and predicative position. The target 
language was a miniature linguistic system based on Spanish. The following 
sections address some issues that are related to training studies (section 3.1), to 
outcome measures (section 3.2) and to the representation and processing of the 
target structure, noun–adjective gender agreement (section 3.3). 

3.1 Training Studies: Length, Control, and Modality 

Ellis and Schmidt (1997, p. 146) state, “If we want to understand learning we must 
study it directly”, that is, we must not only study the end result of learning but also 
the developmental process itself, while learning is still taking place. The 
experiments reported here are an attempt to do so, as learning was assessed during 
and after training in a controlled setting. In this section, some aspects of second 
language acquisition studies are discussed briefly, more specifically the length of 
training, control over variables, the modality of training and testing, and the 
appropriateness of the outcome measures. 

Long (1998, p. 40) argues for using substantial training lengths in acquisition 
studies, because “effects for instruction of any kind may be, and probably almost 
always are, gradual and cumulative rather than instantaneous and categorical”. 
Similar claims have been made by, among others, DeKeyser (2003), N. Ellis (2002b; 
2003), Ellis and Schmidt (1997), Robinson (1996), and Taraban and Kempe (1999). 
In other words, short-term studies are likely to underestimate the impact of certain 
types of treatment, especially those treatments that aim at acquisition of implicit 
knowledge and/or automatic processing of knowledge. Some second language 
acquisition studies comprise very few training items. For instance, Rosa and O’Neill 
(1999) gave 10 practice items, and Sanz and Morgan-Short (2004) gave 58. 
Robinson (1996) used 20 training sentences per rule, but acknowledges that longer 
periods of exposure to greater quantities of input may have improved implicit and 
incidental learning. Other second language and psychological studies have used 
more substantial amounts of training. Anderson, Fincham and Douglass (1997) 
presented three studies with 32 to 160 trials per rule; the number of training trials in 
the Anderson, Fincham and Douglass (1999) studies ranged between 96 and 192 per 
rule; DeKeyser (1995) used 124 training items, each containing all four target 
structures; DeKeyser (1997) used 240 training items for comprehension and 240 for 
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production, each item focusing on either two or four target structures. Ellis and 
Schmidt (1997) compared the acquisition of low- and high-frequent plural forms 
with up to, respectively, 75 and 375 training items. Interestingly, they showed that 
the pattern of performance changed as training progressed: the frequency effect of 
the early training stages diminished with learning, and did so faster for regular items 
than for irregular items (see also section 2.2). 

A second aspect in the design of second language acquisition studies is the 
amount of control over such aspects as amount of exposure, type of instruction, and 
target structures (cf. Hulstijn, 1997). Two main mechanisms for control are setting 
and target language. A laboratory setting, as in the present study, can provide control 
over the amount and type of input and output. The choice of target language allows 
control over the content of acquisition, that is, the target structures and vocabulary. 
Most studies use natural languages, but some use (semi-)artificial languages, often 
developed specifically for research purposes. This can substantially increase control, 
mainly over previous knowledge and outside exposure, but also over the vocabulary 
and grammatical structures to be learned. For instance, complexity can be 
manipulated, clear differences between target structures can be created, and 
exceptions can be avoided or inserted at will. Disadvantages are that results may not 
be easily generalisable to acquisition in more natural contexts, and that participants 
may lack the motivation they would have had for learning a natural language. 
Language learning experiments that take place in classroom settings are often more 
natural as they come closer to real language learning situations (in instructed 
settings). In other words, an increase in control may decrease generalisability to 
more natural situations. 

A third aspect of training studies is the modality of training and testing, that is, 
whether tasks are performed in the written or oral/aural mode. Most studies are 
performed in the written mode, because of the ease of development of the materials 
and analysis of the participants’ performance. However, both training and test 
results can be influenced substantially by modality. Consider a picture selection task 
in which participants select a picture that matches a stimulus sentence. If the verbal 
stimuli are presented briefly—with word-by-word visual presentation, or aural 
presentation—participants are forced to store information in working memory until 
they can make a decision. This storage will promote the formation of 
representations, that is, acquisition of implicit knowledge (Ellis, 1996; Ellis & 
Sinclair, 1996). If, alternatively, learners perform the task in the written mode, they 
will more readily use any opportunities to reread and analyse the input. They do not 
have to store information and are more likely to spontaneously adopt an explicit 
learning mode, consciously searching for rules. In testing, it is crucial to recognise 
that written tasks often allow more time, and therefore give more opportunity to use 
explicit knowledge and controlled processing than oral/aural tasks. This argument is 
sustained, to a certain extent, if time pressure is imposed on these tasks, because it is 
difficult, if not impossible, to provide exactly the right amount of time pressure for 
each participant and each item. Oral/aural tasks, on the other hand, have a natural 
way of providing time pressure, as in aural tasks (listening) the input is present for 
only a very short time, and, especially for less-proficient language learners, it is not 
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easy to maintain input in working memory for a long time when new input keeps 
coming in. Oral production tasks (speaking) also naturally put more pressure on the 
speaker to perform fluently and quickly. 

In conclusion, in designing and evaluating second language training studies, it is 
important to keep in mind whether all treatments have been given a fair chance in 
both training and testing by considering length, modality, and control. This was 
done in the present study in the following ways. 

Length. To assess what length of training was required, a pilot experiment was 
conducted in which performance was assessed after training programmes of 
different lengths. 

Control. The laboratory setting increased control over the amount of input and 
output in training, in order to tease apart as much as possible the different effects of 
comprehension and production practice. In addition, it enabled the use of sensitive 
measures of language knowledge and processing, such as reaction times measured in 
milliseconds. The target language was a miniature language system based on a 
natural language, Spanish. This increased control over vocabulary and target 
structures. Vocabulary and grammar were carefully selected, exceptions were 
excluded, and stimuli were constructed with task requirements in mind. Despite this 
artificiality, motivation could be kept high because the participants were told that 
they were learning a natural language, if only a very small part of it. Therefore, 
motivation may have been higher than when a completely artificial language had 
been used. And finally, control over prior knowledge was kept by selecting 
participants with no prior knowledge of Spanish or any other Romance language 
(except French, an obligatory school subject for all participants). In sum, although 
the laboratory setting and semi-artificial target language made conditions unnatural, 
they provided control over the amount and type of input and output, and over prior 
knowledge. 

Modality. The modality of all training and test tasks was chosen to be aural/oral, 
so as to limit the opportunities to use explicit knowledge. 

3.2 Outcome Measures 

Norris and Ortega (2000) performed a meta-analysis of 49 L2 treatment studies and 
showed that explicit L2 instruction had a durable effect on learning, and this effect 
was more substantial than after implicit instruction (see section 2.1.2). However, 
they also showed that in many of those studies outcome measures favoured one type 
of knowledge, mostly explicit knowledge. These tasks put a large focus on the 
application of L2 rules in discrete items, such as meta-linguistic judgments (e.g., 
grammaticality judgments), selected responses (e.g., choose the picture that 
corresponds to a sentence) and constrained constructed responses (e.g., fill in the 
correct words or morphemes in a sentence). Very few tests required fluent, 
spontaneous use of (implicit) knowledge, for instance with relatively free production 
tasks. Norris and Ortega stress that different test types are likely to produce different 
test results. 
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As was said earlier, different types of knowledge of the same phenomenon (e.g., 
a grammatical structure) may be present simultaneously and used in the same task, 
so that assessment of the extent and nature of knowledge is not straightforward. For 
instance, when second language learners at an intermediate level write a text, they 
may try to formulate sentences using implicit knowledge while constantly 
monitoring the output with explicit knowledge, to change words, word order and 
tenses before, during and after writing. A researcher cannot know from reading the 
text which type of knowledge has been used: whether it was implicit or explicit, or a 
combination of both. Some testing techniques are available that may shed some light 
on the issue, but none of them will be conclusive in isolation. A combination of tests 
will provide a clearer picture (cf. Juffs, 1998, who found differential patterns of 
performance on self-paced reading and grammaticality judgments for different L1 
speakers of English as L2). Testing techniques are often classified as off-line tasks, 
on-line tasks and measurements of brain activity. 

Off-line tasks are tasks in which the participants have time and resources to 
monitor their performance to a certain extent. Performance is measured after 
completion of a task or test item, so that no information is given about the processes 
themselves, but only about the end product. Typical examples of off-line tasks are 
writing without time pressure or answering multiple-choice questions about written 
texts. The researcher can assess the correctness of the product afterwards, but might 
not know exactly how it came about, for instance, how much time the writer took or 
what corrections were made. In these tasks, only correctness is assessed, usually 
after the items or tasks have been completed. Performance on these tasks can be 
based on implicit or explicit knowledge. 

On-line tasks, on the other hand, measure correctness and timing or speed of 
responses while a task is being performed. This gives more insight into the processes 
themselves, and the timing or duration of responses. These measurements by 
themselves are not conclusive about the nature of the knowledge used, but can give 
an indication. Comparison of performance of different groups, in different 
conditions, or at different times during the acquisition process can be informative. 
For instance, shorter reaction times after training than before could be interpreted as 
an indication of the acquisition of implicit knowledge or automatisation, because the 
use of explicit knowledge or controlled processing are often expected to be rather 
slow. In addition, tasks can be devised that are directed at one type of knowledge 
and exclude the use of the other type of knowledge. For instance, to test whether 
implicit knowledge is present, the use of explicit knowledge can be discouraged by 
making it difficult to use. This is typically so in spontaneous oral production. 
Another way to suppress the use of explicit knowledge is the introduction of a 
simultaneous task. This so-called dual-task paradigm is discussed below. 

Another way of testing what type of knowledge is being used is by measuring 
brain activity. One technique is discussed here. In this technique, electrical brain 
activity is measured with an electroencephalogram (EEG) during the execution of a 
language task. Electrodes are placed at various locations over the scalp. When the 
EEG is time-locked to specific events, for instance the onset of ungrammaticality of 
a stimulus, it can be analysed as an event-related potential (ERP). Waveforms are 
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averaged over a large number of trials and participants, and different conditions are 
compared, for instance, grammatical and ungrammatical conditions. Deflections in 
the brain wave in one condition relative to another are generally described in terms 
of polarity (positive or negative) and latency (the time in milliseconds it takes for the 
deflection to reach its maximum). Well-known deflections are the N400, that is 
associated with semantic effects, and the P600/SPS, that is associated with syntactic 
effects. An example of the way ERPs are used in second language research is to test 
whether L2 learners show the same deflections as L1 speakers. This would suggest 
that they process the language in a similar way, as was found by Sabourin (2003). 

R. Ellis (to appear) set out to find relatively separate measures of implicit and 
explicit knowledge. To that end he performed a psychometric study of a number of 
tests that varied the features of 1) degree of awareness, 2) time available, 3) attention 
of meaning or form, and 4) the utility of metalinguistic knowledge. A factor analysis 
showed that the tests loaded on two different factors, which he labelled implicit and 
explicit knowledge. An oral imitation task, an oral story retelling task and a written 
time-pressured grammaticality judgment task all loaded on the factor labelled 
implicit knowledge. On the other hand, the ungrammatical sentences in a 
grammaticality judgment task without time pressure loaded on the factor labelled 
explicit knowledge, as did a metalinguistic knowledge test. In this metalinguistic 
knowledge test, participants selected the rule that best described the error in a 
sentence, and indicated specific grammatical items in a set of sentences and a short 
text. 

In the main experiment of the present study, on-line and off-line tests were 
combined to provide a clear picture of the result of the treatments. The rationales of 
the measures are described in the following sections; the details of implementation 
are given in Chapters 4 and 5. 

3.2.1 Self-paced Listening and Match/Mismatch Decisions 

An on-line task that has been used to monitor the time course of processing during 
sentence comprehension is the self-paced reading task (e.g., Caplan & Waters, 2003; 
Deevy, 2000; Ferreira, Henderson, Anes, Weeks, & McFarlane, 1996; Juffs, 1998; 
Kennison, 2002; Konieczny, 2000; Pearlmutter, Garnsey, & Bock, 1999; Thornton 
& MacDonald, 2003; Weyerts, Penke, Münte, Heinze, & Clahsen, 2002). It typically 
involves the visual presentation of sentences, word-by-word or sometimes phrase-
by-phrase. Participants read the words or phrases and press a button to call the next 
word or phrase. They are asked to do this as quickly as possible, while still trying to 
understand the meaning of the sentence, which might be checked by a plausibility 
judgment after completion of the sentence. Latencies are expected to increase as 
processing difficulties arise, for instance as a result of ungrammaticality or 
ambiguity resolution. This usually happens on the site of the ungrammaticality or 
ambiguity resolution; when the effect is found on one or more words immediately 
following the ungrammaticality or ambiguity, this is referred to as the ‘spill-over’ 
effect. The self-paced reading task has been used to provide a measure of the 
processing load of a whole array of phenomena, including processing of subject–
verb agreement, verb–argument structure, relative clauses, and noun phrase 
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arguments and adjuncts. For example, Thornton & MacDonald (2003) used the self-
paced reading technique to show the influence of non-syntactic information on 
subject–verb agreement processing in comprehension (English L1). Stimuli included 
two NPs before the verb, the first of which was the subject of the sentence, as in (1) 
and (2). Note that the auxiliary was always grammatically appropriate. 

  
(1) The album by the classical composers was praised by the radio station. 
(2) The album by the classical composers was played by the radio station. 
 

Reading times of the auxiliary and verb (was praised, was played) were longer when 
both NP’s were semantically plausible subjects, as in (1), than when only the head 
noun was semantically plausible, as in (2). This indicated a difference in processing 
difficulty. Interestingly, this plausibility effect only appeared when the first noun 
was singular and the second plural. This ties in with the earlier finding for 
production that singular subjects—in comparison to plural subjects—are more 
sensitive to errors in subject–verb number agreement that are caused by interposed 
nouns that mismatch in number (Bock & Miller, 1991; Vigliocco & Nicol, 1998). 

In the present study, the task was used in the auditory mode, as self-paced 
listening, and it was expected that slower processing of the target structure would be 
reflected by longer listening times of its last element, the adjective (see also section 
5.2.4). Whereas in most studies grammaticality, ambiguity or complexity of the 
input material are varied, in the present study a difference is expected between 
sentences with and without the target structure and between different manifestations 
of the target structure (between masculine and feminine forms, and between the 
attributive and predicative positions). That is, it was expected a) that overtly 
agreeing adjectives (rojo in 4) would be processed more slowly than invariable 
adjectives (azul in 3), b) that feminine adjectival forms (roja in 5) would be 
processed more slowly than masculine adjectival forms (rojo in 4), and c) that 
adjectives in predicative position (roja in 6) would be processed more slowly than in 
attributive position (roja in 5). 

 
(3) En el círculo aparece el coche azul, dice José. 

‘In the circle appears the blue car, says José.’ 
 
(4)  En el círculo aparece el coche rojo, dice José. 

‘In the circle appears the red car, says José.’ 
 
(5)  En el círculo aparece la fuente roja, dice José. 

‘In the circle appears the red fountain, says José.’ 
 
(6)  La fuente en el círculo se vuelve roja, dice José. 

‘The fountain in the circle turns red, says José.’ 
 

A second on-line measure, based on the same rationale, was the match/mismatch 
task. It was designed to provide a slightly more natural task tapping the same 
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knowledge and processing as the self-paced listening task. Each input stimulus was 
presented as an uninterrupted sentence and participants indicated whether it 
semantically matched a picture on the computer screen. In the pilot experiment, the 
participants made the match/mismatch decision just before the relevant element (the 
adjective ending; see section 4.2.5), which made it less likely that processing of the 
structure would affect reaction times. Therefore, in the match/mismatch task of the 
main experiment, the decision immediately followed the last element of the target 
structure (again the adjective ending), so that slower processing of the structure 
could slow down reaction times (see section 5.2.4). Results of this task converged 
with the data of the self-paced listening task, providing some support for the validity 
of this new type of test (see section 5.3.3). To the best of my knowledge, this type of 
task has not been used in this way before. 

3.2.2 Grammaticality Judgments 

A substantial number of studies have used grammaticality judgments to assess the 
knowledge of certain target structures in first and second languages (e.g. Birdsong & 
Molis, 2001; De Graaff, 1997b; Gollan & Frost, 2001; Johnson & Newport, 1989; 
Robinson, 1996; Robinson, 1997; Robinson & Ha, 1993; Sabourin, 2003; Trahey & 
White, 1993; Yang & Givón, 1997). It is often used as an off-line task, in which 
participants have ample time to deliberate their decision, consciously invoking 
explicit knowledge of rules or instances. The advantage of using grammaticality 
judgments is that they can specifically target certain structures, which could be 
avoided in, for instance, free production. Some drawbacks of this type of test are 
response biases, the problem of determining what exactly has been judged, and the 
variability that arises due to differences in learners’ ‘skill’ in performing such tasks. 
Moreover, there are different ways in which the test can be implemented and the 
results analysed (cf. Ellis, 1994a; Gass, 1994). For instance, in some studies, 
participants are asked to correct the ungrammatical sentences. This may change the 
strategies applied in performing the task. Furthermore, strategies as well as 
processing mechanisms may differ between the judging of grammatical and 
ungrammatical stimuli; more specifically, ungrammatical stimuli may invoke 
additional post-lexical analyses. R. Ellis (to appear) found that in a grammaticality 
judgment test without time pressure, grammatical and ungrammatical sentences 
measure different constructs: ungrammatical sentences provide a more convincing 
measure of explicit knowledge. 

To measure the presence of implicit knowledge, in some studies a time 
constraint is imposed on individual trials, compelling the participants to make quick 
decisions and so leaving little time to draw on explicit knowledge. De Graaff 
(1997a), for instance, asked participants to respond as quickly as possible in one 
experiment (with the artificial language eXperanto), and set the time limit to 5 
seconds for all items in a second experiment (with Spanish). It would be preferable 
to assign time limits to each individual item and participant, but it is difficult to 
determine how much time should be allowed. R. Ellis (to appear) assigned a time 
limit to each item, at 120% of the average response time of native speakers in a pilot 
study. The 20% was added to allow for the slower processing speed of L2 learners. 
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He found that time-pressured grammaticality judgments loaded on a different factor 
than untimed judgments, so that this time limit seemed to be effective, at least to 
some extent. Moreover, the time-pressured judgments patterned together with other 
measures that were assumed to measure implicit knowledge. 

In the main experiment of this project a grammaticality judgment task was used 
to assess whether participants, after training, paid any attention to the target 
structure. If they could successfully discriminate between correct and incorrect 
structures, this was taken as evidence for detection of the relevant target structure 
elements and for the presence of correct knowledge, either explicit or implicit. 
Participants were encouraged to respond as quickly as possible, but no time limit 
was set. Because the verbal stimuli were presented aurally, participants could not re-
examine the stimuli to deliberate their answers unless they had stored them in 
phonological memory. Separate scores were calculated for grammatical and 
ungrammatical sentences. 

3.2.3 Picture Description 

To test whether knowledge was available for production, a picture description task 
was administered. Other studies often use different kinds of production task, such as 
blank-filling, sentence completion, story retelling, or free production in interviews 
(e.g., Cadierno, 1995; DeKeyser & Sokalski, 1996; Fernández-García, 1999; Izumi, 
2003; Salaberry, 1997; Sanz, 1997; Sanz & Morgan-Short, 2004; VanPatten & 
Cadierno, 1993a; VanPatten & Oikkenon, 1996; Vigliocco & Franck, 1999; 
Vigliocco & Zilli, 1999). These tasks differ in the extent to which they are guided 
and focused on form. Blank-filling is the most guided type of production task, which 
entails a large focus on form so that the use of explicit knowledge is encouraged. On 
the other end of the continuum is free production in oral interviews. Because of the 
unguided nature of this task, there is a larger focus on meaning, and use of explicit 
knowledge is not only discouraged, but also made difficult because of time pressure 
and high memory demands. The downside of this measure is that the number of 
obligatory contexts for certain structures can be very low and can differ greatly 
between participants. 

The picture description task is semi-guided, in that it can elicit certain structures 
by careful selection of pictures. In the present study, the structure of the sentences to 
be produced was determined beforehand and no variation was possible due to the 
limited amount of target language knowledge of the participants. This made the task 
more guided than other picture description tasks. On the other hand, because full 
sentences had to be produced, memory demands were higher than in a blank-filling 
task. The oral mode increased pressure to produce the correct forms quickly, more 
than the written mode would have done. 

3.2.4 The Dual-Task Paradigm 

To test implicit knowledge, oral interviews are often used because they put high 
demands on memory. Unfortunately, it is difficult in this task to keep control over 
the number and type of target structures that are produced. A way to increase 
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memory demands while keeping control over the output of the participants is the so-
called dual-task technique, which is well-known in cognitive psychology but less so 
in second language acquisition research (e.g, DeKeyser, 1997; Gilhooly, Logie, & 
Wynn, 1999; McGowan & Duka, 2000; Tyler, 2001). For this technique, two tasks 
are performed simultaneously. The influence of one task on the performance of the 
other gives an indication of the type of knowledge or processing involved. For 
instance, Gilhooly, Logie and Wynn (1999) were interested in the components of 
working memory that were involved in syllogistic reasoning (“All of the Os are Ns; 
Some of the Ms are Os, Therefore?”). Six groups of participants performed the 
primary task (syllogistic reasoning) in combination with a different secondary task. 
Each secondary task loaded a different part of working memory: the central 
executive (e, f), the phonological loop (c, d, e), or the visuo-spatial scratchpad (a, b, 
f). These tasks were: 
 

a) Finger tapping: clockwise tapping on a four-key keypad 
b) Unattended pictures: ignoring pictures superimposed on the syllogisms on 

the screen 
c) Articulatory suppression: continuously repeating the word “go” 
d) Unattended speech: ignoring one-syllable words 
e) Random verbal generation: randomly generating digits (1-9) 
f) Random spatial generation: randomly tapping on a nine-key keypad. 

 
The secondary tasks were performed at a target rate of around once per second, 
indicated by a metronome beat. Results showed that high-skill, low-skill, and trained 
participants each relied on different strategies, which loaded different parts of 
working memory to different extents. 

A study using the dual-task paradigm that is more relevant to language research 
is that of McGowan and Duka (2000). Although the goal was to investigate gender 
differences in cerebral lateralisation, it is interesting in the present context because it 
looked at the mutual influences of a verbal and a manual task. The verbal task 
involved repeating spoken words or reading written words out loud, and the manual 
task required participants to tap as quickly as possible. Each trial was followed by a 
one-minute mental arithmetic task and subsequent recall of the words that had been 
repeated or read. Not only the number of recalled words but also the number of taps 
was lower in the dual-task condition than in the respective single-task conditions. 
This suggests that the verbal task and the manual task interfered with each other. 
Interestingly, interference on finger tapping was larger when the verbal task was 
presented in the auditory than in the visual mode. In addition, differences in 
interference between right-hand and left-hand tapping were found only in the visual 
mode, not in the auditory mode. This may be related to eye movements in the visual 
condition, or to different encoding strategies for each modality. Tapping interference 
was greater when the verbal task was presented in the auditory mode than in the 
visual mode, but only for women. This may be because women use different brain 
areas to control acquisition in the verbal task than men (e.g., Sherry & Hampson, 
1997, cited in McGowan & Duka, 2000). In short, the relevant conclusion in the 
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present context is that manual tasks may influence performance of verbal tasks, 
whether in auditory or visual mode and whether performed with the right or left 
hand. 

The dual-task paradigm has been used for second language research by 
DeKeyser (DeKeyser, 1997, see also Chapter 2) and Tyler (2001). DeKeyser used a 
mental arithmetic task as a secondary task in order to assess the automaticity of 
language processing in second language learners. The rationale is that as a skill 
becomes automatised, it interferes less with a simultaneous task and shows less 
interference from it. In DeKeyser’s study, participants saw and memorised a number 
between 100 and 1,000 before the visual stimuli appeared. During the subsequent 
comprehension or production tasks, they heard beeps at regular intervals, which they 
counted and subtracted from the three-digit number. Performance on the primary 
comprehension and production tasks were compared between single- and dual-task 
conditions. No significant differences were found, neither early nor late in training. 
The secondary task appeared to have been too easy to cause sufficient interference 
with the primary task. Performance on the mental arithmetic task was not reported. 

Tyler asked participants to judge the correctness of one-digit equations (e.g., 2 + 
4 = 6) while listening to a text. The difference in the number of correctly judged 
equations in single- and dual-task conditions provided a working memory index 
score, where a higher score indicates higher processing demands of the reading task. 
It was found that the working memory index was higher for non-native speakers of 
English who had not been given the topic of a text than for those who did know the 
topic and for native speakers of English (who had or had not been given the topic). 
Tyler concluded that non-natives rely more on topic knowledge in comprehension 
than native speakers. 

In the main experiment of the present project, the dual-task paradigm was used 
to assess whether explicit knowledge is used in production (picture description). As 
explicit knowledge typically requires attention, the secondary task is to draw 
attention away, thus inhibiting the processing of explicit knowledge. If accuracy and 
speed on the picture description task are (relatively) unaffected by the secondary 
task, performance on picture description task can be considered the result of the use 
of implicit knowledge or of practiced use of explicit knowledge. Otherwise, 
performance is more likely to be the result of explicit knowledge. 

It is important to carefully select the secondary task. First, in the present study it 
could not be a language task. Because of the limited knowledge of the target 
language, the secondary task would have to involve the native language of the 
participants, but this would invoke unwanted language switching effects. Second, it 
could not be a visual task. Because the primary task involves visual stimuli, a visual 
secondary task would produce interference in the visual component of the primary 
task, instead of the language component. Therefore, the secondary task was chosen 
to be a finger tapping task for several reasons. First, this type of task has been shown 
to interfere with verbal tasks. As it does not load the phonological loop nor the 
visuo-spatial scratchpad, it is here considered to load the central executive, needed 
to control consistency and accuracy (closeness to the target latency). Second, it 
would have to be performed continuously and consistently throughout each trial. 
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This as opposed to the task used by DeKeyser (1997) where it was possible to 
postpone part of the secondary task (subtraction) until the end of the trial. And third, 
the performance on the secondary finger tapping task could be monitored throughout 
the trial because the latencies of all taps were recorded. Unlike the tapping task in 
Gilhooly et al.’s study, the tapping task in the present study did not include random 
generation, but only required consistency in intervals. 

3.2.5 Summary 

In sum, in the main experiment of this study the final tests included different types 
of tests to get a clearer picture of the type of knowledge acquired. The self-paced 
listening task and the match/mismatch task were designed to measure knowledge 
and processing in receptive tasks, with a focus on meaning, not form. Time-pressure 
was exerted to discourage the use of explicit knowledge. The grammaticality 
judgment test was included to provide an additional measure of knowledge in 
receptive tasks, and had a focus on form. Again, time-pressure inhibited the use of 
explicit knowledge, but participants were left a choice in this respect. A time-
pressured picture description task was used to measure knowledge and processing in 
production, and focused mainly on meaning. A dual-task condition was added to 
inhibit (and test the effect of) the use of explicit knowledge. 

3.3 The Target Structure: Noun–Adjective Gender Agreement 

In this section the criteria for the selection of the target structure are discussed, 
followed by a linguistic description of the target structure in the target language and 
its equivalent in the first language of the participants. Subsequently, a review is 
given of the psycholinguistic literature concerning the representation and processing 
of the target structure in first and second languages. 

3.3.1 Criteria for the Choice of Target Structure 

The target structure in the experiments presented here was noun–adjective gender 
agreement on attributive and predicative adjectives. Several theoretical and practical 
criteria underlie this choice. First of all, a comparatively clear description of the 
structure was available in the linguistic literature and it has been used in second 
language acquisition research before. Second, a fairly straightforward structure was 
chosen, so that the complete paradigm could be learned during the short course of 
training and errors in the production tests were easy to detect and categorise. Despite 
its simplicity, studies have found that even advanced learners still make errors. In 
the present study, a possible source of errors is overgeneralisation from one 
condition to another, e.g., from masculine to feminine. No direct transfer was 
possible from the first language (Dutch) which also has gender agreement, but 
involving different forms and features (see section 3.3.2). Third, the structure 
appeared in two different contexts, namely on adjectives in attributive and 
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predicative position, so that the effect of surface distance could be assessed. Finally, 
visual stimuli could be constructed that clearly represented the target structure. 

3.3.2 Gender Agreement in Spanish and Dutch 

Spanish provided the basis for the miniature language system with noun–adjective 
gender agreement. The system of gender and gender agreement (or concord) in 
Spanish has been extensively discussed by several authors. A prominent description 
was given by Harris (1991). Spanish is a language with two genders2, masculine and 
feminine. Gender is an inherent property of nouns and is visible in agreement with, 
among others, determiners and adjectives, often as the suffixes –o and –a. These are 
traditionally seen as gender marking suffixes of nouns and adjectives, but Harris 
argues that they should rather be interpreted as class-marking suffixes, with no 
meaning or function. In his view, there are three separate but interacting domains of 
linguistic generalisation: morphophonological form classes (e.g., marked by –a), 
syntactic gender (masculine and feminine), and biological/semantic sex (male and 
female). Each of these are specified in lexical entries, but only when necessary. 
Masculine gender is argued to be the default, so that only a single lexical gender 
mark f is necessary, to indicate feminine forms. Furthermore, the word class with the 
suffix –o is default and therefore lexically unmarked; only the other two word 
markers need to be specified lexically: a marker for –a or a marker that becomes –e 
or –ø phonetically, depending on syllable structure. A number of rules predict, 
among others, gender and form-class. For example, the Feminine Marker rule 
predicts the form-class diacritic –a for feminine items. The suffixes and rules are 
identical or similar for nouns, adjectives, pronouns and determiners. 

All nouns are inherently marked for gender in the lexicon (either by absence of 
a mark for masculine or by a feminine mark for feminine). For animate nouns 
gender usually matches biological sex, but for other nouns it is arbitrary. Other 
classes of words, such as adjectives and determiners, have no inherent gender, but 
may receive gender by concord. Harris classifies Spanish words as inner core, outer 
core and residue. Most nouns and adjectives are prototypical inner core words, with 
–o for masculine and –a for feminine (e.g., libro [masculine] ‘book’ – libra 
[feminine] ‘pound’; alto [masculine] ‘tall’ – alta [feminine] ‘tall’). Many others, of 
the outer core type, lack word markers and are invariable (e.g., corte [masculine] 
‘cut (noun)’ – corte [feminine] ‘court’; posible ‘possible’ [masculine and feminine]). 
For residual word types several different patterns can be distinguished. For instance, 
nouns and adjectives that have –a for feminine forms and –ø elsewhere (e.g., 
español [masculine], española [feminine] – ‘Spanish’), or invariable adjectives that 
always end in –a (e.g., belga [masculine and feminine] – ‘Belgian’). 

The first language of all participants (Dutch) also has a gender system. Standard 
Dutch has two grammatical genders, usually referred to as common (historically 
masculine and feminine) and neuter. Nouns are generally not overtly marked for 
gender, although there are some suffixes that correlate well with specific genders. 
For instance, the affixes –heid and –ing usually go with common gender 
determiners; –ment and –sel often go with the neuter determiners, and the 
diminutive suffix –je always goes with neuter determiners (Deutsch & Wijnen, 
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1985). In addition, semantic gender is incorporated into the Dutch gender system, 
since nouns referring to humans usually have non-neuter gender. However, there are 
a few exceptions, for instance, pejorative terms for women (het wijf ‘the bitch’, and 
het mormel, ‘the monster’) and animal names that have no-neuter counterparts 
referring specifically to the male or female (Kester, 1996). Lastly, Dutch nouns are 
usually marked for plurality. Agreement targets include the definite article, 
demonstrative pronouns, possessive pronouns, interrogative pronouns, indefinite 
pronouns, relative pronouns and adjectives. Adjectives are inflected with the suffix –
e, pronounced as schwa, or have no suffix. Adjectives are only inflected when they 
are in prenominal attributive position. The inflection -e is present in the majority of 
cases; it is only absent when the noun is characterised as [-definite, +neuter, 
+singular] (Kester, 1996). 

As Harris (1991) pointed out, agreement targets receive gender marking from 
the nouns they modify. The structures or processes related to gender agreement have 
been discussed by, among others, Kester (1996). She argues that the syntactic 
configuration of gender agreement involves head-head relations for determiners, and 
specifier–head relations for adjectives, attributive as well as predicative. However, 
the agreement relations of attributive and predicative adjectives are of a different 
syntactic nature. For the attributive adjectives, agreement is driven by theta-
identification and theta-binding. In the case of predicative adjectives (and post-
nominal adjectives in Dutch) there is a predication relation. Whereas this predication 
relationcan be manifested by overt inflectional morphology in Spanish, in Dutch it 
cannot. In other words, adjectival inflection in Dutch partially depends on the 
syntactic position of the adjective. In the unmarked case, attributive adjectives 
appear in prenominal position being inflected by means of schwa or not, as in (3). In 
predicative position and post-nominal appositions, adjectives remain uninflected, as 
in (4) and (5). 

 
  Spanish    Dutch 
 
(3) a. un coche pequeño  een kleine auto 
  ‘a small car’   ‘a small car’ 
 b. una casa pequeña   een klein_ huis 
  ‘a small house’   ‘a small house’ 
 
(4) a. El coche es pequeño.  De auto is klein_. 
  ‘The car is small .’  ‘The car is small .’ 
 b. La casa es pequeña.  Het huis is klein_. 
  ‘The house is small .’  ‘The house is small .’ 
 
(5)  Pablo, tan rubio, no  De man, rood_ van woede, 
  parece ser español . kwam de kamer binnen. 
  ‘Pablo, so blond, doesn’t  ‘The man, red with anger, 
  look Spanish.’   entered the room.’ 
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The gender systems of Spanish and Dutch are similar in that in both languages all 
nouns are lexically specified for one of two genders, and determiners and adjectives 
receive gender by agreement with the noun they modify. However, there are a 
number of striking contrasts. First, in Spanish word markers (–o, –a, –e, -ø) are 
separate from the number marker (–s), whereas in Dutch only the combination of 
gender, number and definiteness determines marking (–e or –ø). Second, in Spanish 
gender is marked on adjectives in all positions, whether prenominal, post-nominal or 
predicative. In Dutch, adjectives only receive gender marking in prenominal 
attributive position. Third, in Spanish most nouns (inner core) have class-markers 
that coincide with gender, whereas in Dutch, correspondence of class-markers of 
nouns and their gender is much less frequent and transparent. 

The language system of the present study has a gender system very much like 
that of Spanish (see also sections 4.2.2 and 5.2.2). However, there is a crucially 
different distribution of nouns over the inner core, outer core and residue. In Spanish 
most adjectives are of the inner core type, showing agreement with the noun in 
gender with –o for masculine and –a for feminine, and fewer adjectives are of the 
outer core type, which are invariable. In contrast, in the pilot experiment all 
adjectives are of the inner core type, and in the main experiment exactly half of the 
adjectives are of the inner core type and the other half of the outer core type, with 
the marker for –ø or –e. No residual forms of adjectives occur in either study. The 
nouns are all of the non-human outer core type or residual type. They either have no 
phonetic word marker or a word marker realised as –e (for reasons of syllabification 
or specified by the lexical entry; cf. héroe ‘hero’ in Harris, 1991). The absence of 
inner core nouns (with –o and –a suffixes) ensures that agreement by merely 
matching overt gender markers was not possible. 

3.3.3 The Representation and Processing of Gender Agreement 

Having considered the system of gender agreement, we will now turn to the 
acquisition and representation of gender and gender agreement in child and adult 
native speakers. As for gender assignment, child language acquisition studies have 
shown that determiners and morphophonology seem to play a more important role in 
acquisition than semantics (Pérez-Pereira, 1991). An explanation may be that 
semantics often do not reliably correlate with gender because, not all masculine 
nouns refer to males, or some words for males or females have neutral grammatical 
gender. Consider Spanish and French in which the nouns el coche, ‘the car’, and la 
voiture, ‘the car’, both refer to the same genderless object, but have masculine and 
feminine grammatical gender respectively; and consider German, in which the noun 
das Mädchen, ‘the girl’, refers to a female person but has neutral grammatical 
gender. Pérez-Pereira showed that children between 4 and 11 years of age draw on 
semantic, morphophonological and syntactic cues for gender assignment, and can 
make simultaneous use of multiple cues: converging cues lead to more accurate 
gender assignment, as shown by agreement on determiners and adjectives. 

Gender categorisation can be facilitated by regularisation of phonological form. 
Kempe, Brooks, Mironova and Fedorova (2003) showed that children (2;9–4;8) 
learning Russian made fewer errors in noun categorisation with the more regular 
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diminutive nouns than with the less regular simplex nouns (as shown by gender 
agreement on pronouns, adjectives, verbs and other agreement targets). In addition, 
accuracy was higher for familiar nouns than for novel, invented nouns, which 
suggested that item learning had taken place and that an abstract gender category 
had been formed. The same regularisation by diminutivisation can also help adult 
second language learners acquire gender assignment faster, with better 
generalisation to new items as compared to learners that are trained with the more 
irregular simplex forms (Kempe & Brooks, 2001). Note, however, that this better 
performance did not transfer from the trained diminutive forms to their 
corresponding simplex forms. It seems, therefore, that although the learners in the 
study by Kempe and Brooks used phonological gender cues, they had not acquired 
an abstract representation of gender. 

As for gender agreement, the youngest children in Pérez-Pereira’s study (4 
years) had already mastered gender agreement, as the genders of the determiner and 
adjective they produced with a noun nearly always agreed with each other (overall 
3.6% errors). It seems that children start to use gender marked forms around 3;0 
years of age, depending on such factors as the type of agreement target, the 
complexity of the target language gender system, but also the type of task involved: 
comprehension or production (e.g., Mills, 1986). Complexity of the gender system 
in the target language can facilitate acquisition of gender agreement. Mills argued 
that natural gender on pronouns is acquired earlier in German than in English 
because German has a more complex gender system: learning of gender-marked 
pronouns is facilitated by learning of other gender-marked forms, such as 
determiners and adjectives marked for grammatical gender. The gender system of 
English is simpler, as it only shows semantic gender on pronouns, and is therefore 
acquired later. With respect to the comprehension–production distinction, Mills 
showed that English children learn to comprehend the gender distinction on third 
person pronouns around the age of three, while they still make a large number of 
errors in this respect in production. She argues that the children learning English are 
not pressured into making the gender distinction in production since the referent is 
often clear from contextual or other linguistic information. In contrast, children 
learning German produce articles and adjectives on which gender is marked from, 
on average, the age of 2;6 onward, the same time they learn to comprehend the 
gender distinction. 

With respect to the representation of gender in adult native speakers, there has 
been some debate about whether gender properties of nouns are stored or computed. 
As seen above, Harris and Kester claim that gender is a lexically specified property 
of nouns. Corbett (1991), on the other hand, claims that it is unlikely that the gender 
of all nouns is stored separately, because of the sheer amount of information to be 
remembered. Moreover, native speakers seem to be able to ‘compute’ the gender of 
loan words and nonsense words very consistently, probably based on semantic and 
formal properties of the nouns. Furthermore, the ease with which native speakers use 
gender, according to Corbett, must be a result of them taking advantage of 
regularities. Many other researchers, however, assume that gender is not computed 
but stored, mainly because the relation between a noun and its grammatical gender is 
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in principle arbitrary. Vigliocco and Zilli (1999), Vigliocco and Franck (1999), and 
Vosse and Kempen (2000) assume that gender is associated with the lexicon, 
together with other syntactic properties such as grammatical category. Schriefers 
and Jescheniak (1999) argue that proficient speakers have probably stored gender as 
an inherent property of nouns so that they can access it fast and without much error. 
Carroll (1989) claims that gender assignment in native speakers is initially parsing-
driving: gender is computed from syntactic cues such as determiners and other 
agreeing elements, and subsequently stored lexically so that it can be immediately 
available. Gender agreement always occurs online, except maybe for idioms, which 
may be stored. 

Adult first language processing of gender and gender agreement has been 
studied rather extensively within the model of language production presented by 
Levelt and associates (e.g., Jescheniak, 1999; Jescheniak & Levelt, 1994; Levelt, 
1989; Levelt et al., 1999; Schriefers & Jescheniak, 1999; Schriefers & Teruel, 2000; 
Van Berkum, 1997). In this model nouns are specified for gender because each noun 
is linked to a gender node representing one of the genders in the language (see 
Figure 3.1). It illustrates that in Dutch all nouns are linked to a node representing the 
masculine, feminine or neuter gender. In addition, the gender nodes are connected to 
all agreement targets of the same gender, such as definite determiners and 
pronouns.3 In production activation flows from lemma to phonological form, and 
from lemma to lexical-syntactic properties. It has been claimed that activation 
cannot flow from lexical-syntactic properties to a lemma. For example, Friederici 
and Jacobson (1999) argue that preactivation of a noun’s gender by presentation of a 
word with the same gender cannot facilitate subsequent retrieval of that noun. It is 
important to note that it is claimed that gender is selected only if there is an 
agreement target in the noun’s local syntactic context, even if gender marking does 
not surface in the eventual phonological form. 

Counter to the claim that links from lemma to lexical-syntactic properties are 
unidirectional with respect to production, for comprehension some studies have 
shown that it is possible for semantic (and phonological) properties to influence 
gender decisions. However, this influence probably only takes place at later stages 
of processing. For instance, Friederici and Jacobson (1999) discuss some ERP and 
behavioural evidence regarding word recognition priming by syntactic gender in L1 
speakers. They claim that there is a general independence of syntactic and semantic 
aspects during the early stage of comprehension, and that interaction takes place at a 
later stage during comprehension. They put forward the view that in comprehension 
a lemma can activate a gender node, but that a gender node cannot activate a lemma. 
In other words, there is a unidirectional link from the lemma node to the gender 
node, which is exactly what Levelt and associates claimed for production. 
Furthermore, it is claimed that in comprehension gender congruency is checked 
post-lexically. 

A similar claim was made by Hagoort and Brown (1999), who found 
electrophysiological effects (ERP) for gender agreement. They found a P600/SPS 
effect for violation of gender agreement between the article and the noun in Dutch 
noun phrases, which indicates that syntactic processing was involved. They also 
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found a N400-like effect (which usually indicates semantic processing) for sentence-
final words but ascribed this to global processing factors, such as sentence wrap-up 
and response requirements. Hagoort and Brown conclude that gender agreement 
in comprehension is a process driven by syntactic-form, not content. Gunter, 
Friederici and Schriefers (2000) found similar results for article–noun agreement in 
German L1. 

The influence of semantic and phonological properties on gender agreement has 
also been studied by Vigliocco and Zilli (1999). They examined production of 
gender agreement in two language-impaired speakers of Italian and two groups of 
unimpaired speakers. The patients generally made more errors in gender agreement, 

Figure 3.1 From Jescheniak and Levelt (1994). Fragment of the lexical
production network. Cat = category; gen - gender; isa = is an instance of; fem 
- feminine; neut = neuter; masc = masculine 
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and were relatively more disrupted when nouns with mismatching genders appeared 
between the noun and a predicative adjective. In addition, impaired as well as 
unimpaired participants made fewer errors when the subject noun had natural gender 
and when it was unambiguously marked for gender. These results are said to 
indicate that in language production conceptual information and 
morphophonological information interact with syntactic information. The authors 
present a model of the computation of gender agreement in production. They claim 
that agreement computation requires a delicate balance of activation levels as well as 
simultaneity of activation. These can be affected by resource limitations and 
mismatching syntactic information. Conceptual and morphophonological 
information, on the other hand, can serve as additional information if features are 
lost, by providing enhanced activation of lemmas or via monitoring. 

3.3.4 Gender and Gender Agreement in SLA 

A number of studies have investigated processing of gender agreement by second 
language learners. Andersen (1984) described the idiosyncratic gender system of 
Anthony, a 12-year old L1 speaker of English learning Spanish as a L2 without 
instruction. His system only included semantic gender marking on nouns and 
semantic gender agreement on subject pronouns (and incorrectly on possessive 
pronouns, because Anthony used él and ella for ‘his’ and ‘her’ instead of the gender 
neutral su). On determiners and adjectives no gender agreement was present at all, 
because Anthony chose to use one form for both genders. For example, he used un 
for all indefinite articles, la for all definite articles. Andersen argues that masculine 
el was not used because it is homophonous with the masculine subject pronoun él, 
so that el was ‘not available’. Finally, Anthony used the suffix –o for all adjectives. 

In a small-scale study, Fernández-García (1999) analysed one-hour tape-
recorded interviews of seven adult native speakers of English learning Spanish as a 
second language at university. The learners varied with respect to their choice of the 
masculine or feminine form as the unmarked, default form; some participants even 
varied their choice across word classes. The number of errors was lower for articles 
than for adjectives, and lower for gender-marked nouns (ending in –o or –a) than for 
non-marked nouns (ending in –e). In addition, a relatively small number of errors 
was made with natural gender nouns, although only few such nouns were used. 
Similar results were found by Dewaele and Véronique (2001) for L1 speakers of 
Dutch learning French as L2 in formal and informal interviews, and by Bartning 
(2000) for Swedish learners of L2 French in interviews and oral narrations. 
Interestingly, in Bartning’s study, feminine forms were produced correctly mostly 
for post-nominal attributive adjectives, less so for predicative adjectives and least for 
prenominal attributive adjectives. Similarly, Hammarberg (1996) found that six L1 
speakers of Chinese, Greek and Portuguese (two participants for each language) who 
were learning Swedish as a second language learned agreement on attributive 
adjectives earlier than on predicative adjectives (in cases of lexical gender, without 
communicative value). This may, however, be related to the fact that in Swedish the 
inflectional paradigm is higher for adjectives in predicative position than in 
attributive position. 
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Carroll (1989) discusses gender assignment and agreement in first and second 
language acquisition of French. She claims that children first learn French nouns 
together with their articles and only later analyse them into separate syntactic 
categories. From that point on, all nouns and nominal affixes need to have a gender 
feature specified in their lexical entries. Second language learners with non-gender 
first languages are not able to acquire this feature, because they learn gender in a 
different way. Instead of learning determiners as parts of nouns, which should serve 
as a trigger for the gender feature, they use mnemonic strategies and rules of thumb 
to compensate, but this leads to overgeneralisation. Later, Carroll (1999) found that 
L1 English / L2 French learners when learning the gender of nouns were especially 
sensitive to natural gender and other semantic factors and, somewhat less so, to 
morphological patterns. Phonological cues did not seem to be used. 

Several studies on gender agreement were performed within the Universal 
Grammar (UG) framework, for instance, by Franceschina (2001) and White (2004). 
In this framework, gender is considered to be parameterised, being realised in some 
languages but not in others. Therefore, a child or adult language learner has to set or 
reset the parameter to the correct value for the target language. It is well-known that 
it is still a matter of debate whether UG is accessible for second language learners, 
and whether it is possible to reset parameters for a second language. Some claim that 
UG is not accessible at all, others claim that L1 gives access to principles of UG and 
the L1 parameter settings, and still others claim that there is full access. If full or 
partial access is possible, a gender L1 is expected to facilitate acquisition of gender 
in L2, and this has indeed been found in several studies, also in studies outside of the 
UG-framework. 

Franceschina (2002) has shown that advanced L2 learners of Spanish are more 
accurate at the selection of the correctly gender-marked pronouns when their L1 has 
uninterpretable gender features—as does Spanish—than when it has not. She found 
that L1 speakers of French, Greek, German, Italian and Portuguese made fewer 
gender agreement errors in a blank-filling production task than L1 speakers of 
English. The same pattern of results appeared in a comprehension task, in which 
participants indicated which of three alternatives were referred to by a pronoun or 
adjective in a stimulus sentence. In target items, selection depended on gender, in 
distracters on meaning. Only L1 speakers of a [-gen] language performed 
significantly less accurately than native speakers. With respect to number marking, 
no differences between the groups were found. This had been expected, because all 
participants in this study were L1 speakers of languages with number agreement. 
The results of this study were taken to support the Failed Functional Feature 
Hypothesis, which predicts that L1 specification of functional features determines 
the ultimate attainment in L2 (Hawkins & Chan, 1997). In other words, learners will 
have consistent problems with L2 features that are not present in their L1. It is 
assumed that only features play a role in acquisition, and that computational 
procedures from the L1 can be used in the L2. Earlier, Franceschina (2001) found 
that an advanced L1 English / L2 Spanish speaker had successfully learned noun 
forms, but made gender errors on agreement targets, such as determiners, pronouns 
and adjectives, overusing masculine forms. There were significantly more gender 
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errors than number errors. This suggests that the absence of certain features in L1 
influences the acquisition of those features in L2. 

White, Valenzuela, Kozlowska-MacGregor and Leung (2004) tested 
comprehension and production of gender and number agreement in L2 Spanish, also 
within the framework of Universal Grammar, assuming full access to UG for L2 
learners. The learners were L1 speakers of French and English at different levels of 
L2 proficiency. Results demonstrated that lower proficiency learners performed 
more accurately with masculine nouns than with feminine, whereas the accuracy of 
intermediate and higher proficiency learners was not significantly different from that 
of native speakers. No effects were found for L1 or prior exposure to an L2 with 
gender. The authors therefore claim that “postpuberty learners are able to acquire 
gender agreement regardless of the status of gender features in the L1, suggesting … 
that there is no impairment in access to “new,” uninterpretable formal features.” (p. 
127). 

The objection could be raised that performance in the study by White et al. was 
based on explicit knowledge. The authors dismiss this objection, because they deem 
it unlikely that the L2 learners somehow understood that gender was being tested, 
since the tasks did not involve an explicit focus on gender. However, the production 
tasks (the “Guess Who” game and a picture description task) elicited short sentences 
without time pressure, leaving time and resources to focus on gender and gender 
agreement. Furthermore, the comprehension task involved the identification of one 
of three pictures corresponding to a stimulus sentence. More than half of the items 
were designed to elicit number and gender as no response could be given without 
reference to either feature. Thus, although no specific instruction about gender and 
number agreement had been given, it is not unlikely that the L2 learners—who were 
learning Spanish in an instructed setting—supposed that gender and number were 
the targets of at least some of the test items. Their high levels of accuracy may have 
been the result of explicit knowledge, rather than of a lack of L1 influence. 

More evidence for L1 influence on L2 processing of gender agreement was 
presented by Sabourin (2003). Advanced learners of Dutch as a second language 
were tested whose L1 had a similar gender system, a dissimilar gender system or no 
gender system. The combination of behavioural and ERP data gave a more complete 
picture of gender processing. Different patterns were found for learners with 
different L1s. Participants who had a gender L1 (German or French) were able to 
process gender agreement on determiners, adjectives and relative pronouns in Dutch 
in a more or less similar way to native speakers of Dutch. The German-speaking L2 
learners, like the L1 speakers, showed a P600 effect, but mostly so for definite noun 
phrases and for relative pronouns with definite antecedents. Importantly, the effect 
was delayed, had a lower amplitude and was observed over a more restricted number 
of electrodes. The French-speaking L2 learners showed an ability to judge 
grammaticality when given enough time, and also showed some sensitivity to 
ungrammaticality in their ERP data, but the effects were delayed and attenuated. 
Sabourin therefore argued that an abstract category in L1 seemed helpful but not 
sufficient, and that similarity of surface forms proved helpful, as the German-
speaking participants (with a gender category and similar surface forms) showed 
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more similarity to native processing than the French-speaking participants (with a 
gender category but dissimilar surface forms). In contrast, the English-speaking L2 
learners’ behavioural data was at chance level, although ERP data did show some 
sensitivity to ungrammaticality. This sensitivity was probably a form of lexical 
processing or more general cognitive processing, which suggests that processing 
was not similar to L1 processing. The differences may also be explained by a 
similarity in the underlying gender systems: English has no gender system, French 
has a different gender system, and German has a similar gender system to Dutch 
since, in contrast to French, it includes definiteness as a feature. 

Yet more evidence for the influence of a first or second language with gender 
on the acquisition of a new language was given by Williams (to appear, see also 
Chapter 2). In his study, participants learned an artificial form of English with 
several noun categories: the choice of article depended on distance from the subject 
and animacy. Performance correlated positively with the number of gender 
languages spoken by participants, but because this factor was confounded with such 
factors as studying linguistics and the presence of gender in L1, the exact cause of 
this correlation remains unclear. 

Influence of L1 gender on L2 was not found by Costa, Kovacic, Franck and 
Caramazza (2003), who analysed naming latencies for NPs (with or without 
adjectives) of advanced L2 speakers. Advanced L2 speakers and native speakers 
named pictures in which the gender of the noun was either the same or different in 
L1 and L2. Languages with similar and dissimilar gender systems were compared. 
The combination of dissimilar systems was L1 Croatian and L2 Italian, and the 
combination of similar systems were L1 Catalan with L2 Spanish and L1 Italian 
with L2 French. In none of the groups were there differences found between naming 
latencies of same-gender or different-gender nouns. The difference also did not 
appear when activation of the L1 was ensured by mixing L1 and L2 picture naming 
in one task. Costa et al. conclude that gender properties of one language do not 
affect gender processing in the other language. However, they do concede that they 
only tested highly proficient L2 speakers and that differences may be found in 
lower-proficient L2 learners. 

3.3.5 Noun–Adjective Gender Agreement in the Present Study 

In the present study, it is assumed that gender assignment can take place on the basis 
of articles, which has been shown by previous research to provide a good cue for 
learners as to the gender of nouns. In addition, it is assumed that gender is stored as 
part of the lemma information of nouns. In Levelt’s model of first language 
production, each noun is linked to a gender node. In production, information flows 
from the noun lemma to the gender node, and from there on to the agreement 
targets, the article and adjective (or adjectival suffix). Failure to provide the 
appropriate gender suffix may be caused by an unsuccessful flow of activation from 
noun to gender, or from gender to agreement target (the adjective or suffix). In 
comprehension, agreement processing has been shown to rely on a post-lexical 
checking mechanism. It is assumed here that in comprehension, activation flows 
from the article, noun, and adjectival suffix to the gender node. It is important to 
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bear in mind, however, that during comprehension, gender agreement processing 
may be sidestepped because it is a post-lexical checking mechanism. This 
sidestepping is less likely to occur during production, although gender agreement 
could be avoided by using a default form. 

Previous research has influenced the design of the experiments that are 
presented here in two important ways. First of all, L2 acquisition studies of gender 
agreement have shown that acquisition occurs earlier for attributive adjectives than 
for predicative adjectives. What is more, in the target language of this study, 
adjectives show gender agreement in both positions, while in the first language they 
only show agreement in attributive position. For these reasons, adjectives were 
trained and tested both in attributive and predicative position. Second, previous 
research has shown that semantic and morphophonological information may 
influence the processing of gender agreement. Therefore, in order to rule out any 
such effects and focus only on the syntactic aspect of gender agreement, semantic 
and morphophonological information was excluded from the miniature target 
language. 

The experiments to be presented in Chapters 4 and 5 investigate whether 
gender-related errors in production of the L2 can be prevented. The L1 of the 
participants is a gender language, which may facilitate acquisition of gender 
assignment and agreement in the L2. The L1 gender can be a source of error in the 
L2, but in the present case, this is not likely: because the underlying system as well 
as the surface forms were rather different from those in the target language (-e / -ø in 
L1 and -o / -a in L2), it was not expected that the L1 forms would be transferred 
directly to the target language. Remaining sources of error in gender agreement on 
adjectives were random choice and overgeneralisation of one gender.  

Acquisition of the gender of nouns is assumed here to take place as a gradual 
strengthening of the connections between lemma nodes and gender nodes. 
Acquisition of agreement takes place when the connections between the gender 
nodes and the agreement targets become stronger. Post-lexical checking mechanisms 
and explicit knowledge of rules or items will help to detect and correct errors in the 
production of gender agreement. Semantic and morphophonological information 
were not available in this study. 

3.4 Implications for the Present Study 

The experiments presented here followed the acquisition of gender agreement while 
it was taking place. The laboratory setting and the semi-artificial target language 
provided control over such factors as amount of training and characteristics of the 
target structure. In the main experiment a range of outcome measures was used to 
get a more detailed picture of the knowledge acquired. Receptive as well as 
productive training and test tasks were used, and tests that aimed at implicit 
knowledge as well as tests that aimed at explicit knowledge. The target structure was 
noun–adjective gender agreement because it is straightforward but has nevertheless 
been previously shown to be problematic even for advanced learners. Representation 
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and processing of this structure are similar in L1 and L2 with respect to the category 
and the activation flow, but different with respect to the surface forms and number 
of agreement targets. 
 



 

 



  

4 The pilot experiment: Testing the design 

4.1 Introduction 

The general research question of this study is whether grammatical errors in 
production can be pre-empted by receptive training, in which a knowledge base is 
built by processing of input. Before answering this question, it has to be clear at 
what point we can assume that grammatical knowledge has been sufficiently 
established: how much training is necessary? As has been discussed in Chapter 3, 
the length of training can be crucial in second language acquisition studies. Patterns 
of performance may be different at the onset of acquisition, after some training or 
after substantial amounts of practice. This pilot experiment not only addresses the 
question of whether the knowledge practised in comprehension tasks can pre-empt 
errors in a production task, but also what length of training would be sufficient for 
this to happen. Therefore, the two research questions for this experiment are: 

 
Research questions 

1. Can training aimed at learning through receptive processing of many 
instantiations of a target structure pre-empt grammatical errors in 
production? 

2. What amount of training is necessary for this to happen? 
 

It is expected that a certain amount of receptive training can indeed pre-empt errors 
in production. However, if training has been insufficient, learners will have to fall 
back on, for instance, previously learned explicit knowledge, knowledge from their 
first language, or the use of default forms. For instance, a beginning learner of Dutch 
as a second language, while learning word order in main clauses, can fall back on 
explicit knowledge learned from a book or a teacher (“Invert subject and verb when 
the first position of the sentence is already filled with a non-subject”), on the word 
order of their first language (e.g., SVO from English), or on a word order that has 
already been acquired for other contexts (e.g., SOV-order from Dutch subordinate 
clauses). These alternative sources of knowledge may lead to errors. 

 
Hypothesis 
After a certain amount of receptive training, accuracy in production will be 
high. The extent of the required amount of training is an empirical question. 

 
Three assumptions were checked: 1) that vocabulary knowledge was good, in 

terms of accuracy and speed, 2) that performance increased during training, that is, 
that processing speed in comprehension tasks increased, and 3) that explicit 
knowledge of the target rule was still present after training. 

Three subsidiary questions were asked. The first was whether rule(-like) 
knowledge or knowledge of chunks (fixed combinations of nouns and adjectives) is 
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acquired. In other words, is the acquired knowledge generalisable from trained items 
to untrained items? To that end, it was assessed whether errors were pre-empted 
only on trained items or also on untrained items. The trained items were a subset of 
the test items in the post-training production test. The new items in the production 
test required rule knowledge, rule-like knowledge, or analogy to stored exemplars. If 
only stored examples are acquired, analogy is the only option to achieve some 
accuracy. Because conscious analogy is a slow and relatively demanding process, 
accuracy might suffer. If, on the other hand, a rule or rule-like knowledge is 
acquired, accuracy will be higher. In short, the accuracy levels on the untrained 
items in the post-training production test will give an indication of the type of 
knowledge acquired: exemplars only or generalisable knowledge. 

The second subsidiary question was whether the position of the adjective had an 
influence on performance. Such an influence is expected for a number of reasons. 
First, it has been described in Chapter 3 that although the structures are similar in 
that both require gender agreement between a noun and adjective, the underlying 
relations between the noun and adjective in the two structures are different. In 
addition, and as discussed in sections 3.3.4 and 3.3.5, it has been found that 
agreement on adjectives in attributive position is acquired earlier than in predicative 
position. What is more, in the target language there is overt agreement on adjectives 
in both positions, whereas in the first language in this study (Dutch) there is no overt 
agreement on adjectives is predicative position. Finally, in the present study, the 
surface position of attributive and predicative adjectives differed with respect to 
their distance to the antecedent noun: attributive adjectives were directly adjacent to 
the noun, whereas the predicative adjectives were separated from the noun by a short 
verb phrase. The longer distance for the predicative adjectives may slow down 
receptive processing and decrease accuracy in production relative to the attributive 
adjectives.  

The third subsidiary question was whether a comparable number of errors were 
pre-empted for both genders. Previous research, discussed in section 3.3.4, has 
shown that learners often use one of the genders as a default. This may have been 
stimulated by the vocabulary training, in which the masculine forms of the 
adjectives were always named first. 

The theoretical and practical information provided by this pilot experiment was 
used in the design of the main experiment. Theoretically, the inclusion of different 
training lengths will help to determine the training length to be used in the main 
experiment. It has to be borne in mind, however, that in the pilot experiment 
participants read a rule description before training, whereas in the main experiment, 
no rule description was given to the experimental training groups. Therefore, in the 
pilot experiment explicit knowledge is practiced, whereas in the main experiment 
explicit or implicit knowledge has to be induced. Practically, this pilot experiment 
will provide information about the appropriateness of the training and test tasks and 
the language material. 
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4.2 Method 

4.2.1 Participants 

A total of 59 L1 speakers of Dutch studying at (or graduated from) various 
institutions of higher education participated in this experiment. The study was 
described to them as aimed at “learning a grammatical rule of Spanish”. They were 
informed that at the end of the training they had to formulate sentences themselves; 
and “Your pronunciation does not have to be perfect, but it should be clear”. One 
participant studied General Linguistics, and all other participants studied non-
language-related subjects. All participants had learned English, German and French 
in secondary school for a minimum period of three years4. They had no or very little 
knowledge of any Romance language other than French. All participants were native 
speakers of Dutch, three of them were bilingual speakers of Dutch and Turkish, a 
no-gender language lacking any form equivalent to the target structure in this 
experiment (i.e., noun–adjective agreement). All participants received a small 
amount of money for their participation, in proportion to the duration of the training 
they took part in5. Data of four participants were eliminated from the analyses 
because they did not pass the productive vocabulary test and one participant did not 
attend the second session. Data of six participants were discarded because of failing 
recording software. This left 48 complete data sets for analysis. The average age was 
approximately 22 years. 

4.2.2 Materials 

 Language 

Spanish provided the basis for a miniature language system. The target structure was 
noun–adjective gender agreement on attributive and predicative adjectives. A 
linguistic description and a review of the psycholinguistic literature concerning this 
structure were given in section 3.3. 

In this experiment, the language system was simplified to some extent. For each 
adjective position, one type of carrier sentence was constructed to be used in the 
training and test tasks. Sentences were generated using the vocabulary presented in 
Table 4.1. Neither natural gender nor plural forms were used, in order to focus on 
grammatical gender only. The adjectives all showed agreement with /–o/ for 
masculine and /–a/ for feminine. None of the nouns ended in /–o/ or /–a/, so that 
agreement by merely matching the overt gender markers on the noun and adjective 
was not possible. Twelve out of the 20 nouns occurred in the agreement training; the 
others occurred only in the final production tasks to test whether knowledge was 
generalisable to new items. Example sentences with attributive adjectives are 
presented in (1) and with predicative sentences in (2). 

No translations of the words were given, but pictures were used to clarify the 
meaning (see Appendix 8). The pictures were used in the remainder of the 
experiment for the meaning-based comprehension tasks and to elicit responses in the 
production tasks.  
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Table 4.1 The vocabulary used in the training and test tasks of the pilot 
experiment. 

Nouns Adjectives Other 
Masculine Feminine   

el guante 
‘the glove’ 

la fuente 
‘the fountain’ 

rojo/a 
‘red’ 

aparece 
‘appears’ 

el peinex 
‘the comb’ 

la torre 
‘the tower’ 

negro/a 
‘black’ 

se vuelve 
‘turns’ 

el coche 
‘the car’ 

la navex 
‘the boat’ 

torcido/a 
‘twisted’ 

 

el cheque* 
‘the cheque’ 

la llave* 
‘the key’ 

estrecho/a 
‘narrow’ 

 

el diente* 
‘the tooth’ 

la nube* 
‘the cloud’ 

  

el collar 
‘the necklace’ 

la narizx 
‘the nose’ 

  

el jersey 
‘the sweater’ 

la sartén 
‘the frying pan’ 

  

el relojx 
‘the watch’ 

la prisión 
‘the prison’ 

  

el farol* 
‘the streetlamp’ 

la postal* 
‘the postcard’ 

  

el papel* 
‘the paper’ 

la pared* 
‘the wall’ 

  

Note: Words indicated with * were not used in training, but only in the 
production post-test, in order to test generalisation ability. Words indicated 
with x were not used in the production post-tests. 

 Masculine   Feminine 
(1) Aparece el coche rojo.  Aparece la fuente roja. 
 ‘The red car appears’  ‘The red fountain appears.’ 
(2) El coche se vuelve rojo.  La fuente se vuelve roja. 
 ‘The car turns red.’  ‘The fountain turns red.’ 
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 Apparatus and Stimulus Construction 

The software for this experiment was developed using Authorware Attain 5 
(Kellogg, ; McGraw, Tew, & Williams, 2000; Schmidt, 2001) and run on pentium 
III Dell-Optiplex personal computers, in a 600x800 pixel centred window. Stimuli 
spoken by a native speaker of Spanish had been recorded in a sound proof recording 
booth (22 kHz, 16 bits, mono, shockwave). U.S. Blaster headsets were used to 
present the aural stimuli and record all oral responses (11 kHz, 8 bits, mono, 
waveform). 

The pictures that were used to represent the meaning of the vocabulary and to 
elicit responses in the production tasks, were line drawings, drawn by a professional 
graphic designer specifically for this experiment. The meanings of the adjectives 
were illustrated by means of pictures of a train with the specific quality denoted by 
the adjective. A picture of a red train, for example, illustrated the meaning of rojo, 
‘red’. The verbs ‘to appear’ and ‘to turn’ were visualised with transitions simulating 
appearance or changing of colour or shape (see Appendix 1 for screenshots). All 
visual stimuli were presented in two parts: first a neutral form (e.g., a white car), 
then a form representing the meaning of the adjectives (e.g., a red car). For reasons 
of similarity, this was done for attributive as well as predicative adjectives. For 
attributive adjectives, first a neutral picture was presented on the left, followed by 
the target picture on the right. For the predicative adjectives, the neutral picture was 
presented first and then gradually replaced by the second picture. 

4.2.3 Procedure 

The participants were randomly assigned to one of three groups. All groups received 
the same training, only the training length differed: group I completed one training 
block, group II two blocks and group III three blocks. Each group was divided into 
two subgroups, each starting with either attributive or predicative adjectives. Each 
block was followed by a five-minute break. 

All training and test tasks were performed in the oral/aural mode: no written 
forms were given or required. Training and testing took place in a computerised 
setting over a period of 10 weeks. Participants took part in two sessions within one 
week: a vocabulary session and a target structure session. Most participants 
completed the vocabulary training in 30 to 60 minutes and the target structure 
session in 1.5 to 2.5 hours, depending on the length of training. The experimenter 
was present to answer practical questions and to score the vocabulary production 
tests that had to be performed to criterion. 

Because none of the participants had any prior knowledge of Spanish, a 
vocabulary training was provided in session 1. The second session consisted of the 
receptive target structure training and the post-tests. To monitor vocabulary 
knowledge, receptive vocabulary tests were administered at the end of session 1 and 
at the beginning of session 2 (after an optional repetition of vocabulary training 
tasks). Productive vocabulary knowledge was trained and tested at the end of session 
2: after the receptive training, but before the post-tests. 
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4.2.4 Training and Test Tasks 

The training and test tasks are described in the following paragraphs. There were no 
separate tasks for training and testing: data of the training tasks were used for 
analysis. After each response in all receptive tasks, the reaction time was indicated 
as well as correctness, by presentation of a green check mark or a red cross, and a 
‘correct’ or ‘incorrect’ sound. Accuracy and speed were encouraged by pre-task 
instruction, by presentation of the reaction times after each trial, and by presentation 
of the mean reaction time and score after every set of 10 trials. Reaction times were 
measured from the onset of the aural stimulus. After the response, the aural stimulus 
was repeated so that participants could check their answers. 

The procedures of the vocabulary tasks corresponded as much as possible with 
those of the target structure tasks.  

 
 Receptive and productive vocabulary training and test 

For the vocabulary training, participants were free to choose the order of the tasks 
and the number of times they repeated them before going to the final tests. An order 
was advised, which is the order in which the tasks are described below. In each task, 
all items were presented in random order. Adjectives were always presented in both 
forms, first masculine then feminine (e.g., “rojo … roja”). The two verbs were not 
trained in the vocabulary task: their meaning was explained at the beginning of the 
target structure training, using example sentences (see Appendix 2). 

Vocabulary training started with a listening task in which each word was 
presented once together with a picture to clarify its meaning. No response was 
required. Participants were instructed to memorise the words, and to memorise the 
nouns together with their articles. Two subsets of 10 nouns (five masculine and five 
feminine) were created so as to lower the burden of memorisation per task. 

What followed were three receptive vocabulary training tasks. The first was a 
meaning-based match/mismatch decision task. The participants pressed a key to 
indicate whether the presented picture and word matched (“/” for a match and “z” 
for a mismatch). The second and third task were designed to train the gender of the 
nouns. A noun without article was presented aurally together with the corresponding 
picture. Participants indicated whether the noun required the article ‘el’ or ‘la’ by 
pressing “z” or “/”. This task was repeated without pictures, to encourage 
participants to listen carefully and to base their decisions on the words, not the 
pictures. Participants were asked to aim for a mean reaction time of one second or 
less, and at least 90% accuracy. If these criteria were not met, they were advised to 
repeat the task before going on to the next. 

The first session concluded with a receptive vocabulary test comprising three 
parts: the match/mismatch task for nouns, the match/mismatch task for adjectives, 
and the gender task without pictures. These tests included all items in one task (i.e., 
all twenty nouns appeared in the same task), which were repeated three times. Thus, 
the tests consisted of 60 trials with nouns and 12 trials with adjectives. Criteria for 
speed and accuracy were set at 96% accuracy and a mean reaction time below one 
second. Participants who did not reach the criteria were advised to return to the 
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training and took the test again later. This second test consisted of the same items, 
but in a different, random order. 

 
 Receptive target structure training and test tasks 

The target structure training began with an explanation of the procedure, a 
presentation of example sentences (in order to avoid overt agreement, the invariable 
adjective grande was used), and a short description of the grammatical rule to be 
learned. The grammar rule was described as follows: 

 
“Als een zelfstandig naamwoord mannelijk is (‘el’), dan krijgt het bijvoeglijk 
naamwoord dat erbij hoort de mannelijke vorm (-o). 
Als een zelfstandig naamwoord vrouwelijk is (‘la’), krijgt het bijvoeglijk 
naamwoord de vrouwelijke vorm (-a).” 

 
When a noun is masculine (‘el’), the adjective that goes with it gets the 
masculine form (–o). 
When a noun is feminine (‘la’), the adjective gets the feminine form (–a). 
 

There were three tasks, each consisting of 48 trials of the attributive type and 48 
trials of the predicative type. Each combination of noun and adjective occurred once 
per task. The 48 trials were divided into 12 groups of 4 trials, each containing each 
adjective once, twice in the masculine form and twice in the feminine form. The 
order of these four-trial groups was the same for each participant and in each 
training block, but trials were randomised within these groups. 

The first task was a listening task, in which a sentence was presented together 
with pictures to clarify its meaning. No response was required. Participants were 
instructed to try to understand the meaning of the sentences. Then followed a form-
oriented identification task, in which a sentence was presented aurally, without 
visual stimuli. Participants indicated whether the adjective ended in –o or –a. They 
were instructed to answer only after they had heard the adjective, pressing “z” for –o 
and “/” for –a. The final task was a meaning-oriented task in which a sentence was 
presented aurally together with visual stimuli. Participants indicated whether the 
sentence and picture matched by pressing a key (“z” for a match or “/” for a 
mismatch). Mismatches involved either the noun or the adjective. All sentences 
were grammatically correct. 

One block of three tasks took approximately 30 minutes to complete, after 
which a five minute pause was allowed. The three training groups differed only with 
respect to the number of blocks they performed—one, two or three blocks—not in 
the type of tasks. 

 
 Productive vocabulary training and test 

The receptive target structure training was followed by a productive vocabulary 
training, to prepare participants for the productive target structure post-test. This 
training consisted of two tasks. The first was a word-repetition task in which a word 
(a noun with its article or an adjective in both forms) was presented aurally together 
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with the corresponding picture. Participants repeated the words. The second task 
was a picture naming task, in which participants named pictures with nouns and 
articles or with adjectives in both forms. In both productive vocabulary tasks, the 
model response was presented 4.5 seconds after the presentation of the visual 
stimuli. Responses were not analysed. The nouns were divided into two subsets, as 
in the receptive vocabulary training. 

The productive vocabulary training ended with a picture naming test. All twenty 
nouns appeared in the same task. Each noun and adjective occurred three times. The 
experimenter immediately scored the answers on a scoring paper, ignoring 
pronunciation errors. Pictures had to be named within four seconds, and a maximum 
of two errors was allowed in the noun test. When these criteria were not met, 
participants returned to the training and took the test again later. 

 
 Productive target structure test 

The productive target structure post-test was a picture description task. Responses 
were recorded into seven-second files. A small clock in the left bottom corner of the 
screen indicated the time remaining6. The task was performed separately for 
attributive and predicative adjectives. Half of the items contained nouns that had not 
appeared in training, and each noun (8 trained and 8 untrained nouns) occurred with 
two adjectives, which resulted in a total of 64 items. 

 
 Questionnaire 

At the end of the second session, participants filled out a paper-and-pencil 
background questionnaire including questions about age, education and language 
knowledge. It also included a question about the target structure in order to assess 
explicit knowledge. The participants were asked to describe “the rule” as accurately 
as possible and indicate whether they had recognised it from another language (see 
Appendix 3). 

4.2.5 Coding and Analyses 

Vocabulary tests. Data from the vocabulary tests were not analysed as they were 
performed to criterion. Therefore, receptive test scores were between 96% and 100% 
and mean reaction times were less than one second for all participants. Productive 
test scores were between 96% and 100% and mean reaction times were less than 
four seconds for all participants. 

Identification task. Data from the form-oriented identification task were not 
analysed because there were several strategies used in this task. Participants had 
been instructed to respond only after they had heard the adjective ending, but is was 
also possible to predict the adjective ending on the basis of the noun earlier in the 
sentence. Responses could be given before the adjective ending had been heard, 
which was reflected in the reaction times. Inspection of the mean and individual 
reaction times revealed that some participants did not predict the adjective endings, 
others did, and still others sometimes did and sometimes did not. The variability in 
strategies made it impossible to draw conclusions about the processing of gender 
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agreement from the reaction times in this task. Error scores were also confounded 
because of a differential difficulty of predicting the adjective endings and 
identifying them. 

Match/mismatch task. The decisions required in the meaning-oriented 
match/mismatch task were expected to be reasonably undemanding because of the 
vocabulary pretraining and the simplicity and short length of the sentences. 
Therefore, accuracy was expected to be near perfect in all groups, and analyses were 
performed on the reaction time data of correct answers to target trials (‘hits’). 
Reaction time measurement started at the cue to the answer (i.e., the beginning of 
the adjective). Any responses given before the cue were coded as incorrect 
responses. Responses were analysed using analyses of variance with repeated 
measures. Two separate analyses were performed, both of which had the reaction 
times of hits (correct ‘match’ responses) as the dependent variable. The first analysis 
concerned the performance of group III and had as within-subjects variables 
AdjectivePosition (attributive, predicative) and Block (1, 2, and 3). The second 
analysis concerned the performance of the three groups at their respective last tests, 
and had as within-subjects variable AdjectivePosition (attributive and predicative), 
and as the between-subjects variable Group (I, II, and III). 

Due to a programming error the stimulus sentences in the match trials all 
contained feminine forms and the stimulus sentences in the mismatch trials all 
contained masculine forms. Because in mismatch items sentences with feminine 
nouns were used as distracters, the fact that all trials with feminine aural stimuli 
required ‘match’ responses was not very apparent. None of the participants reported 
noticing it. 

Productive test. All responses were listened to twice by the experimenter. 
Pronunciation errors were ignored as long as words and endings were recognisable. 
Responses in which the noun and adjective stem were correct or repaired and the 
article was immediately correct (not repaired) were considered ‘analysable 
sentences’. Of these analysable sentences accuracy of the adjective endings—and 
therefore of gender agreement—was analysed. The data were analysed with an 
analysis of variance with repeated measures. The dependent variable was agreement 
accuracy in analysable sentences. The within-subjects variables were 
AdjectivePosition (attributive, predicative), Gender (masculine, feminine), and 
Familiarity (trained items, untrained items), and the between-subjects variable was 
Group (I, II, and III). Response duration was not analysed, due to practical 
limitations. 

All tests. Since proportions and reaction times often have a non-normal 
distribution, transformation can help to achieve a more normal distribution (Stevens, 
1996, p. 246). For proportions, the arcsine transformation 2*arcsine(√p) was used, in 
which p is the proportion of correct responses. For reaction times a log-function 
10log(rt) was used, in which rt is reaction time. Subsequently, for the reaction times 
outliers (1.3%) were discarded. All missing values (outliers and misses) were 
replaced using the expectation maximisation technique in SPSS 12. Outliers were 
defined for each group as reaction times 1.5 times the interquartile range below the 
first quartile or above the third quartile. Note that all analyses have been performed 
on the transformed and replaced data, but for clarity purposes all tables present raw 
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reaction times and accuracy scores (recalculated after discarding the outliers and 
replacing the missing values). 

Reliability of the match/mismatch tests was high: block 1 α = .92 (n=42); block 
2 α = .96 (n=26); block 3 α = .91 (n=12). In the production tests the spread of the 
unanalysable sentences over items and participants made it impossible to compute 
accurate reliability figures. 

A significance level of .05 was used for all statistical tests. As a measure of 
effect size, partial eta squared (ηp

2) was used. 

4.3 Results 

4.3.1 Receptive Test 

The mean accuracy score in the match/mismatch task was 97%, 98%, and 97% on 
each block respectively. There was no discernable trade-off between speed and 
accuracy (block 1 rs= -.185; block 2 rs= -.050; block 3 rs= -.082). Two analyses of 
variance were performed. The first has Time as a within-subjects variable and looks 
at the decrease in reaction times for group III. The second analysis concerned the 
reaction times of all groups at their last test: block 1 for group I, block 2 for group II, 
and block 3 for group III. Table 4.2  presents the reaction time data of this test. 

The first analysis looked at the change in reaction times of group III in order to 
check the assumption that performance increased during training, that is, that 
processing speed in comprehension tasks increased. The analysis of variance 
revealed that there was no effect for Time, i.e., that group III’s processing speed did 
not increase. This suggests that either no acquisition had taken place, or that the 
receptive test measure was not sufficiently sensitive. 

There was a large and significant effect for AdjectivePosition, in that reaction 
times were longer for sentences in the attributive condition than in the predicative 
condition, F(1, 11) = 43.502, p = .000, ηp

2 = .798. This was not as expected, and 
may be related to the difference in word order for two reasons. First, only in the 
attributive condition was word order different from what is possible in the first 
language of the participants, which does not allow a sentence-initial position of the 
verb (cf. Examples 1 and 2 in section 4.2.2). This difference may have slowed down 
processing. Second, the noun appeared later in the sentences with attributive 
adjectives than in sentences with predicative adjectives. Because the 
match/mismatch decision was based on the adjective as well as the noun, the later 
appearance of the noun postponed the decision about it, which may have slowed 
down the overall decision. 

The second analysis checked the same assumption looking at the reaction times 
of all groups at their last test. The analysis of variance revealed that there was no 
main effect for Group. This again indicates that longer training did not lead to faster 
processing. There was a significant main effect for AdjectivePosition, F(1, 39) = 
39.631, p = .000, ηp

2 = .504, which again shows that reaction times were longer in 
the attributive condition than in the predicative condition. 
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Table 4.2 Reaction time means (in ms) and SDs of the match/mismatch task 
(feminine forms only). 

 Means 
Group Block 1 Block 2 Block 3 

 Attributive   
I (n = 16) 613 (11)   
II (n = 14) 698 (14) 674 (18)  
III (n = 11) 597 (9) 576 (10) 579 (10) 
    
 Predicative   
I (n = 16) 548 (12)   
II (n = 14) 594 (14) 595 (15)  
III (n = 11) 512 (7) 505 (9) 516 (9) 
Note: Standard deviations are enclosed in parentheses. A number of cells are 
empty because there were no corresponding tests in the design of the 
experiment. For example, because group I received only one block of training 
there is no data for the second and third block. 

In sum, the two analyses of variance on the reaction times in the receptive tests 
suggest that performance did not increase during training, but that adjective position 
or word order did affect reaction times. 

4.3.2 Productive Test 

Table 4.3 presents the accuracy data at the production test for all groups. Data of 
two participants from group II and five from group III were removed from the 
analysis because they produced too few analysable sentences (fewer than 63% 
overall and less than 50% correct on one of the test parts, e.g., masculine–attributive 
or feminine–predicative). Of the remaining data 86.4% was analysable. 

The hypothesis that accuracy in production would be high after a certain amount 
of receptive training seems to be confirmed because accuracy was high for all 
groups in all cells, ranging between 75% and 96%. An analysis of variance was 
performed to answer the second research question of what amount of training is 
sufficient to pre-empt grammatical errors, and to answer the subsidiary questions 
about generalisability to untrained items, adjective position, and gender. It revealed 
significant main effects for Group and Gender, F(2, 38) = 3.953, p = .028, ηp

2 = 
.172, and F(1, 38) = 7.507, p = .009, ηp

2 = .165, respectively. In addition, there was 
an interaction between AdjectivePosition and Familiarity, F(1, 38) = 4.222, p = .047, 
ηp

2 = .100. 
The main effect of group showed that accuracy differed between groups. A 

Tukey HSD post-hoc analysis showed that group III produced fewer correct forms 
than groups I and II, although the difference with group II narrowly missed 
significance (Group I – Group III: mean difference = .29, SE = .11, p = .037; Group 
II – Group III: mean difference = .27, SE = .11, p = .053). In answer to the second  
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Table 4.3 Accuracy score means (in proportions) and SDs of the production post-
test in the pilot experiment, repairs not included. 

 Trained  Untrained 
Group Masculine Feminine  Masculine Feminine 

 Attributive     
I (n = 16) .92 (.13) .89 (.16)  .94 (.10) .86 (.17) 
II (n = 14) .95 (.08) .81 (.23)  .96 (.07) .88 (.19) 
III (n = 11) .86 (.14) .86 (.13)  .75 (.15) .76 (.18) 
      
 Predicative     
I (n = 16) .91 (.14) .83 (.19)  .94 (.11) .85 (.20) 
II (n = 14) .93 (.11) .82 (.12)  .91 (.11) .89 (.14) 
III (n = 11) .85 (.19) .79 (.17)  .86 (.21) .84 (.14) 
Note. Standard deviations are enclosed in parentheses. 

research question, this suggests that longer training did not pre-empt more errors in 
production, and that even the shortest training could pre-empt a number of errors 
comparable to longer training lengths. Surprisingly, however, the accuracy of the 
group with the longest training was lower than of the other two groups. 

The interaction between AdjectivePosition and Familiarity reflects that 
agreement was applied correctly more often on attributive adjectives than on 
predicative adjectives with trained nouns, although a smaller and non-significant 
difference in the opposite direction appeared with untrained nouns. A very tentative 
explanation for this may be that attributive adjectives, because they are closer to the 
noun, encourage retrieval of stored exemplars from memory so that trained items are 
favoured, whereas predicative adjectives, which were marginally further away from 
the noun, encourage rule uses, which does not favour trained items. And finally, all 
groups produced more correct masculine forms of the adjectives than feminine 
forms. This could be related to the vocabulary training, in which the masculine form 
was always named before the feminine form. 

To assess whether attention or ‘monitor use’ played a role in production, an 
additional analysis of variance was performed on scores in which repairs were 
counted as correct. It showed that the effect of Group and the interaction of 
AdjectivePosition and Familiarity had disappeared (see Table 4.4). Only the effect 
of Gender remained, F(1, 38) = 5.497, p = .024, ηp

2 = .126. In other words, Group 
III needed more corrections to achieve the same levels of accuracy as group I and II. 

It would not make much sense to claim that group III had less knowledge of the 
target structure than group I and II, who had the same but less training. An 
alternative explanation may be that performance of group III, whose training session 
was longest, was most affected by fatigue or loss of concentration. 
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Table 4.4 Accuracy score means (in proportions) and SDs of the production 
post-test in the pilot experiments, repairs included. 

 Trained  Untrained 
Group Masculine Feminine  Masculine Feminine 

 Attributive     
I (n = 16) .97 (.06) .96 (.08)  .98 (.05) .95 (.12) 
II (n = 14) 1.00 (.00) .95 (.10)  1.00 (.00) .97 (.09) 
III (n = 11) .96 (06.) .95 (.09)  .94 (.08) .98 (.06) 
      
 Predicative     
I (n = 16) .95 (.13) .92 (.15)  .97 (.09) .93 (.12) 
II (n = 14) .97 (.05) .96 (.07)  .99 (.04) .94 (.10) 
III (n = 11) 1.00 (.00) .94 (.08)  .99 (.04) .96 (.06) 
Note. Standard deviations are enclosed in parentheses. 

4.3.3 Questionnaire 

The assumption that explicit knowledge would still be present after training was 
checked by a post-experimental questionnaire. It showed that the participants were 
able to describe the target rule rather accurately. Because there was only one 
unguided, open-ended question, participants could leave out relevant information, 
such as which suffix goes with which gender or which article. Table 4.5 shows the 
accuracy of rule description. It is clear that most participants described some part of 
the rule. The most basic part of the description—that is, which suffix goes with 
which article—was named by most participants (16 in total). Ten participants 
described the rule but did not indicate what articles and suffixes were relevant, so 
that it cannot be established whether they had correct knowledge of the forms and 
whether they were able to correctly link the forms and genders. Two participants, 
both in group I, did not describe a grammatical rule, but when prompted informally 
by the experimenter, did show some knowledge of the rule (these informal responses 
were not recorded accurately). Strikingly, three participants named the masculine 
article le, although they had mostly used the correct article el in the production task: 
one participant used le four times with four different nouns (one of which she 
correctly repaired to the feminine article la), and another participant used le only 
once, and subsequently repaired it to the appropriate feminine form la. In sum, all 
participants had some explicit knowledge of the gender agreement rule, but the exact 
extent of their knowledge could not be accurately assessed. 

Since all participants had learned other languages before, they were asked 
whether they knew languages that had similar rules. Seventeen participants indicated 
not to have recognised the rule from another language (Group I: 9; Group II: 5; 
Group III: 3). Most participants that had recognised the rule named French as the 
language from which they had recognised it (Group I: 4; Group II: 6; Group III: 8). 
Other languages the agreement rule was claimed to be recognised from included  
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Table 4.5 Responses to the unguided question concerning explicit rule knowledge 
(number of participants) in the pilot experiment. 

 Rule No rule 
Group Complete Article 

and 
suffix 

No 
article 

No suffix No 
article, 

no suffix 

 

I (n = 16) 5 8a 4 1 1 2b 
II (n = 14) 2 3 4 0 7c 0 
III (n = 11) 3d 5a 4 0 2 0 
a Two participants in group I and one participant in group III linked articles and 
suffixes, but named an incorrect masculine article: le instead of el. 
b Two participants did not describe a grammatical rule, but when asked by the 
experimenter were able to describe the rule to some extent. 
c One participants described the correct rule but wrote case instead of gender. 
d One participant described the correct rule but wrote verb instead of adjective. 

German (4), Latin (3), Italian (2), Arabic (1), Czech (1), Danish (1), Dutch (1), 
English (sic; 1), and (classical) Greek (1). 

4.4 Discussion and Conclusion 

The main results of this study can be summarised as follows. The assumption that 
vocabulary knowledge was good was confirmed because participants had performed 
the vocabulary tests to criterion. The assumption that performance increased during 
training was not borne out, since group III’s reaction times did not decrease during 
training, and were not faster than those of group I and II at their respective last tests. 
The assumption that explicit knowledge was still present after training was borne out 
to some extent, in that all participants were able to describe the rule. Unfortunately, 
a number of participants (mostly in group II) did not indicate which articles or 
suffixes were involved so that it could not be established whether they made the 
correct links between them (i.e., el with –o, and la with –a). 

The hypothesis that after a certain amount of receptive training, accuracy in 
production would be high was confirmed, with accuracy scores ranging between 
75% and 96%. Length of training did not seem to have an effect on receptive and 
productive performance. The shortest training—144 items per structure in 30 
minutes—resulted in the same accuracy in production as the longest training, which 
was three times as long. Group III seems to have had more difficulty in using 
knowledge in production than group I and II, because their accuracy was lower and 
they needed more repairs to reach the same accuracy level as group I and II. This 
might be related to the length of the session. For some participants in group III, the 
second session lasted up to 3 hours, suggesting that fatigue and loss of concentration 
or attention to the target structure played a role. 

The first subsidiary question asked whether knowledge was generalisable from 
trained to untrained items in the production test. This appears to be the case. For 



 THE PILOT EXPERIMENT 63 

 

attributive adjectives, the number of correctly produced adjective endings was lower 
for untrained items than for trained items, which suggests that item retrieval had 
taken place in some cases. However, this difference was very small and predicative 
adjectives showed a trend in the opposite direction. It is important to note that 
accuracy for new items was high, between 75% and 96%, which shows that 
knowledge was generalisable to new items; if it had not been generalisable, accuracy 
would have been at 50%, which is chance level if masculine and feminine forms are 
randomly chosen, or if forms of only one gender are used. 

The second subsidiary question asked whether adjective position had an 
influence on performance. In the receptive task, responses to sentences with 
attributive adjectives were slower than to sentences with predicative adjectives. This 
may be related to word order for two reasons. First, the sentences with attributive 
adjectives deviated from the participants’ first language grammar because of the 
post-nominal position of the adjective and the sentence-initial position of the verb, 
whereas the sentences in the predicative condition corresponded to first language 
grammar. Second, the timing of the match/mismatch decision may have influenced 
reaction times. The decision consisted of two parts: a decision on the noun and a 
decision on the adjective. In sentences with attributive adjectives the noun appeared 
directly before the adjectives; in the sentences with predicative adjectives it 
appeared earlier, in first position (see Examples 1 and 2 in section 4.2.2). The late 
appearance of the noun in the attributive condition, postponed the first part of the 
match/mismatch decision, and because it appeared directly before the second part of 
the match/mismatch decision (about the adjective), it may have slowed down 
reaction times. In the predicative condition, the decision about the noun could be 
made earlier, and might not have spilled over to the final decision, about the 
adjective. In contrast to the comprehension tests, the production test showed no clear 
difference between the two adjective positions with respect to accuracy of gender 
agreement. 

The third subsidiary question asked whether gender influenced performance. In 
the production task, more correct masculine forms of the adjectives were produced 
than feminine forms. This may be related to the order of the two adjectival forms in 
the vocabulary tasks, as masculine forms were always presented or required before 
the feminine forms. It could not be assessed whether gender played a role in the 
receptive tasks, because the target trials contained only feminine forms, due to an 
error in the software. 

In summary, the receptive training (or explicit rule knowledge) seems to have 
pre-empted grammatical errors in production, but longer lengths of training did not 
pre-empt more errors, nor did they improve receptive performance. All three groups 
were able to generalise their knowledge to untrained items and no differences were 
found in the number of errors made for attributive and predicative adjectives. More 
correct forms were produced for masculine adjectives than for feminine. All 
participants had at least some explicit knowledge of the target rule. 
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4.5 Implications for the Main Experiment 

It is likely that explicit knowledge was used in the production task for three reasons. 
First, all participants had explicit knowledge, as they had read an explanation of the 
rule at the beginning of the target structure training and questionnaire data showed 
that they were able to verbalise this knowledge to some extent at the end of the last 
session. Second, the short length of the sentences made the target rule salient in the 
receptive tasks and left ample time and attentional resources for use of explicit 
knowledge in the production test. And finally, the observation that fatigue, 
concentration and attention may have played a role in the production test is a further 
indication that productive accuracy was based on explicit knowledge, as implicit 
knowledge is assumed to be less sensitive to such factors. The explicit knowledge 
that all groups had may have overshadowed any effects of implicit knowledge. 
Because all groups had read the same explanation of the target rule and therefore 
had comparable explicit knowledge, they could perform equally well in the 
production test. It is clear, however, that the training that followed the explicit 
instruction, did not increase speed in the receptive tests used in the present study. 

The apparent lack of improvement in speed on the comprehension task may be a 
result of the test measure: the comprehension task may not have been sensitive to 
knowledge of the target rule. Decisions could be made at the onset of the adjective, 
before the adjective ending was heard. Therefore, slowing down effects of 
agreement processing may not have been picked up. In the main experiment, the 
decision is postponed until immediately after the adjective ending. It is expected that 
this makes the task more sensitive to the speed of processing of the target rule. 

Whether any implicit knowledge was acquired or used could not be established. 
Therefore, on the basis of experience with this pilot experiment, changes were made 
with respect to the methodology in the main experiment. Providing the participants 
with a metalinguistic description of the target structure obscured the acquisition of 
any implicit knowledge, and the test measures in the pilot experiment were not 
optimal measures of (implicit) knowledge and processing. Therefore, in the main 
experiment, no metalinguistic description was given, and explicit knowledge was 
assessed in greater detail in the post-experimental questionnaire. In addition, a 
control group was added that only had explicit knowledge of the target structure. 
Furthermore, changes were made in the implementation of the test and in the 
language material, and new tests were added. 



  

5 The main experiment: Learning by 
listening 

5.1 Introduction 

The main experiment addressed the main research question of whether a receptive 
training can pre-empt grammatical errors in production. In addition, it addresses the 
second question, of whether the early introduction of production tasks leads to 
persistent errors in production. The two research question of this experiment are: 

 
Research questions 
1. Can training aimed at learning through receptive processing of many 

instantiations of a target structure pre-empt grammatical errors in 
production? 

2. Does the early introduction of tasks that call for production of instantiations 
of the same target structure lead to persistent grammatical errors in 
production? 

 
The length of the receptive training was chosen on the basis of the data provided by 
the pilot experiment, which had investigated the effect of length of training. It was 
found that relatively short training (144 items per structure) resulted in fast 
responses, not surpassed by longer periods of training. In this main experiment, 
training in the receptive condition consisted of 192 items per structure. This was 
preceded by receptive training (96 items) of the carrier sentences without the target 
structures. This was expected to be sufficient to establish a knowledge base. 

To answer the second research question, a receptive–productive training group 
was added, who started production tasks early on in training. If at this point the 
learners in this group have insufficient knowledge, they have to fall back on explicit 
knowledge, first language knowledge or default forms, which may lead to errors. It 
is expected that these errors are made and that they are persistent. 

 
Hypotheses 
1. The receptive training—in comparison to a control condition—will result in 

a) high processing speed in comprehension tasks, and in b) high speed and 
c) high accuracy in production tasks.  

2. The early introduction of production—in comparison to a receptive 
training—will result in a) low processing speed in comprehension tasks, 
and b) low speed and c) low accuracy in production tasks. 

 
Two assumptions with respect to these hypotheses were checked. They were 1) that 
vocabulary knowledge was good, in terms of accuracy and speed, and comparable 
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for all groups, and 2) that performance increased during training, that is, that 
receptive processing speed and productive accuracy increased during training. 

Four subsidiary questions were asked about the type of knowledge and 
processing that resulted from training. The first three were also addressed in the pilot 
experiment and were based on earlier findings (see section 4.1). These questions 
were 1) whether the acquired knowledge is generalisable from trained to untrained 
items, as reflected by high scores on untrained items, 2) whether adjective position 
influenced performance on receptive and productive tests, and 3) whether gender 
influenced performance on receptive and productive tests. 

The fourth question concerned explicit knowledge. Unlike in the pilot 
experiment, the training groups were not given explicit instruction about the target 
structures beforehand. In order to assess whether any explicit knowledge had been 
induced, descriptions of the target structure were elicited by a post-experimental 
questionnaire. The fourth additional question asked whether explicit knowledge was 
induced by the two training groups. To assess the influence of induced explicit 
knowledge on test performance, a control group was given explicit instruction on the 
target structures before the post-tests, but received no training. In addition, a dual-
task test technique was used for the production post-test. It was expected that the 
receptive training group would not rely heavily on explicit knowledge and therefore 
the primary production task would not strongly interact with their performance on 
the concurrent secondary task.  

The method of the pilot experiment was partially maintained for the main 
experiment. The new sample of participants came from the same population and had 
similar backgrounds as in the pilot experiment. Furthermore, the setting in the 
computer laboratory was maintained, as was the exclusively aural/oral mode of the 
training and tests. Vocabulary was maintained for the most part, although two 
adjectives were omitted and six others added. A number of changes in the method 
helped to better get to the core issue of the research questions, that is, the nature of 
the knowledge base acquired. 

There were four areas in which major changes were made. The first area is that 
of the training. In order not to focus the attention of the participants on the form of 
the target structure, no explicit instruction about the rule was given, nor did the 
training tasks put any focus on the form of the input; they only focused on meaning. 
In addition, an additional training group and a control group were included in order 
to assess the influence of early production training and of explicit knowledge. The 
second area of change was that of testing. First of all, the match/mismatch task was 
changed so that it was more sensitive to processing of the target structure. This was 
achieved by postponing the decision cue to immediately after the last part of the 
target structure. Second, new test tasks were added that more directly measured 
processing time (self-paced listening), registering of agreement violations 
(grammaticality judgment), and the amount of attention dedicated to production 
(dual-task production). The third area of change concerned the carrier sentences. 
They were made longer, so as to increase general processing demands and take the 
adjectives out of the sentence-final position. The last changes involved the sessions. 
There were separate sessions for vocabulary training and training of the carrier 
sentences, which allowed shorter lengths of individual sessions, and an increase in 
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concentration and motivation of the participants. Furthermore, the post-tests took 
place in the session that followed the first training tasks.  

5.2 Method 

5.2.1 Participants 

A total of 59 L1 speakers of Dutch studying at (or graduated from) various 
institutions of higher education participated in this experiment. It was described to 
them as concerning “language processing” and “understanding and speaking 
language”. All participants studied non-language-related subjects, but had learned 
English, German, and French in secondary school for a period of three to six years. 
Ten participants claimed to be bilingual with English (5), Frisian (2), Hindi (2) or 
Chinese (1). All participants had no or very little prior knowledge of any Romance 
languages other than French. Self-reports of French profiency indicated that 23 
participants knew only a few words or sentences, 27 could have a simple 
conversation, and 5 could participate in more demanding conversations. All 
participants received €30 for their participation. Data of four participants were 
eliminated from the analyses, for reasons related to illness, insufficient vocabulary 
knowledge, technical problems or incomplete data, leaving 55 complete data sets for 
analysis. The average age was 23 years and 5 months. 

5.2.2 Materials 

 Language 

Spanish provided the basis for a miniature language system very similar to that of 
the pilot experiment (see section 4.2.2). As in the pilot experiment, the target 
structure was noun–adjective gender agreement on both attributive and predicative 
adjectives, and for each adjective position, one type of carrier sentence was 
constructed to be used in the training and test tasks. Sentences were generated using 
the vocabulary presented in Table 5.1. Neither natural gender nor plural forms were 
used, in order to focus on grammatical gender only. None of the nouns ended in /–o/ 
or /–a/, so that agreement by merely matching the overt gender markers on the noun 
and adjective was not possible. Twelve out of 20 nouns occurred in the agreement 
training; the others occurred only in the production post-tests to test whether 
knowledge was generalisable to new items. No translations were given, but pictures 
were used to clarify meaning (see Appendix 8). These pictures were used all for 
training and test tasks. 

Some changes were made to the vocabulary and the sentences. Sentences were 
generated using the same 20 nouns as used in the pilot experiment (10 masculine 
and 10 feminine). The changes mainly concerned the adjectives and the length of the 
sentences. The adjectives were selected so that four did not show overt agreement 
(invariable adjectives) and four others showed overt agreement with /–o/ for  
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Table 5.1 The vocabulary used in the training and est tasks of the main experiment. 
Nouns Adjectives Other 

Masculine Feminine Overtly 
Agreeing Invariable  

el guantex 
‘the glove’ 

la fuentex 
‘the fountain’ 

rojo/a 
‘red’ 

azul 
‘blue’ 

Aparece 
‘appears’ 

el peine 
‘the comb’ 

la torre 
‘the tower’ 

negro/a 
‘black’ 

verde 
‘green’ 

se vuelve 
‘turns’ 

el coche 
‘the car’ 

la nave 
‘the boat’ 

rosado/a 
‘pink’ 

gris 
‘grey’ 

en el círculo 
‘in the circle’ 

el cheque* 
‘the cheque’ 

la llave*x 
‘the key’ 

morado/a 
‘purple’ 

marron 
‘brown’ 

en el cuadro 
‘in the square’ 

el diente*x 
‘the tooth’ 

la nube* 
‘the cloud’ 

  dice José 
‘says José’ 

el collarx 
‘the necklace’ 

la nariz 
‘the nose’ 

  cree Javier 
‘thinks Javier’ 

el jersey 
‘the sweater’ 

la sarténx 
‘the frying pan’ 

   

el reloj 
‘the watch’ 

la prisión 
‘the prison’ 

   

el farol*x 
‘the streetlamp’ 

la postal* 
‘the postcard’ 

   

el papel* 
‘the paper’ 

la pared*x 
‘the wall’ 

   

Note: Words indicated with * were withheld from the target structure training 
tasks. Words indicated with x were used in the production post-tests, in order to 
test generalisability from trained to untrained items. 

masculine and /–a/ for feminine. This made it possible to construct training tasks for 
carrier sentences without the target structure, and to compare processing of 
sentences with and without the target structure. 

A second major change was made because of the results obtained in the pilot 
experiment. It was decided to increase general processing demands by lengthening 
the stimulus sentences and increasing the distance between the predicative adjective 
and the noun. In order to do so, a prepositional phrase outside of the agreement 
construction was inserted in each stimulus sentence, and a main clause (‘dice José’ 
and ‘cree Javier’) was added at the end of the sentences. The two prepositional 
phrases (‘en el círculo’ or ‘en el cuadro’) contained nouns that were never part of the 
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agreement; they were masculine and ended in /–o/. The total vocabulary in this 
experiment comprised twenty nouns, eight adjectives, four inflected verbs, two 
prepositional phrases and two names (see Table 5.1). 

The lengthening of the sentences also made it possible to measure the speed of 
receptive processing of agreement in the following manner. Responses were elicited 
by the verb in the main clause (‘dice’ or ‘cree’, see the examples in (7)–(10) below). 
Because these verbs immediately followed the adjective ending, slow processing of 
agreement could ‘spill over’ from the adjective ending to the response, thus slowing 
down reaction times. For instance, if slow processing of agreement slows down 
processing of adjectival forms, it will also slow down the response, which 
immediately follows it: thus, although the response is elicited by the verb in the 
main clause, it will be affected by slow processing of agreement. 

Example sentences with attributive adjectives are presented in (7) and (8), and 
with predicative adjectives in (9) and (10). The examples in (7) and (9) contain 
overtly agreeing adjectives, (8) and (10) invariable adjectives. All examples are 
presented with both masculine and feminine forms respectively. The reader with 
knowledge of Spanish could find these sentences pragmatically unusual. However, it 
must be stressed that this is deemed of no major importance to the logic of the 
experiment, as the participants had no prior knowledge of this semi-artificial target 
language, and these constructions very much resemble equivalent structures in 
Dutch, the native language of the participants in this experiment. 
 

(7) En el círculo aparece el coche rojo / la fuente roja, dice José. 
‘In the circle appears the red car / the red fountain, says José.’ 

 
(8) En el círculo aparece el coche azul / la fuente azul, dice José. 

‘In the circle appears the blue car / the blue fountain, says José.’ 
 
(9) El coche / la fuente en el círculo se vuelve rojo / roja, dice José. 

‘The car / the fountain in the circle turns red / red, says José.’ 
 
(10) El coche / la fuente en el círculo se vuelve azul / azul, cree Javier. 

‘The car / the fountain in the circle turns blue / blue, thinks Javier.’ 
 

Because one of the receptive tests measures reaction times at the onset of the second 
verb, the pauses between the adjective and the onset of the second verb (for instance, 
between roja and dice in (7) or azul and dice in (8)) was held constant at 
approximately 100 ms. 

 
 Apparatus and Stimulus Construction 

The software for this experiment was developed using Authorware 6 (Kellogg, 
1999; McGraw et al., 2000; Schmidt, 2001) and run on pentium II Gateway personal 
computers running Windows 2000, in a 600x800 pixel centred window. New aural 
stimuli were spoken by a native speaker of Spanish and were recorded in a sound 
proof recording booth. They were put into separate files (22 kHz, 16 bits, mono, 
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shockwave) by a research assistant. Labtec Axis-302 headsets were used to present 
the aural stimuli and record all oral responses (11 kHz, 16 bits, mono, waveform). 
The pictures for the training and test tasks were taken from the pilot experiment, and 
adjusted to represent the colours denoted by the adjectives. The verbs ‘to say’ and 
‘to think’ were visualised as “clouds” (see Appendix 4 for screenshots). The 
meanings of the adjectives was illustrated by means of pictures of trains each with 
the specific colour denoted by the adjective (e.g., a red train for rojo, ‘red’). The 
verbs ‘to appear’ and ‘to turn’ were visualised with transitions simulating 
appearance or changing of colour. Unlike in the pilot experiment, with the verb ‘to 
appear’ (attributive condition) there was no neutral picture. All visual stimuli were 
preceded by a 400 ms fixation mark (+) in the centre of the presentation area. 

5.2.3 Procedure 

Participants were randomly assigned to one of three groups. Two groups received 
training containing the target structures, which was either receptive training (group 
R) or receptive–productive training (group R&P). A third group acted as a control 
group (group C): this group performed comprehension and production tasks without 
the target structure and read an explanation of the target structure immediately 
before the post-tests (see Table 5.2 and Appendix 5). The numbers of participants 
were 18, 19 and 18 respectively (5, 3 and 5 male participants). 

All training and test tasks were performed in the oral/aural mode: no written 
forms were given or required. Training and testing took place in a computerised 
setting over a period of 14 weeks. Participants took part in four 90 minute sessions 
within two weeks. The experimenter and two test assistants were present to answer 
practical questions and to score all vocabulary production tests that had to be 
performed to criterion. 

Because none of the participants had any prior knowledge of Spanish, 
vocabulary training was necessary. To monitor vocabulary knowledge, receptive and 
productive vocabulary tests were administered at the end of session 1, at the 
beginning of sessions 2 and 3, and before the post-tests in session 4. Sessions 2 and 
3 started with vocabulary warm-up tasks (word-picture matching, see training tasks 
for description). The entire first session and all vocabulary tasks were identical for 
participants in all groups. 

The aim of the second session was to familiarise participants with the procedure 
and the sentences of the target structure training. This session was identical for all 
groups. No overtly agreeing adjectives were present yet: in the sentences only 
invariable adjectives occurred (see (8) and (10)). The session consisted of two 
sequences of comprehension tasks and one sequence of production tasks (a 
description of the tasks is given in the next section). Each sequence consisted of 
respectively: 

 
1. attributive training task 
2. attributive test task 
3. predicative training task 
4. predicative test task 
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Table 5.2 Main content of the sessions by group. All sessions include training 
tasks as well as tests, for both comprehension and production. Carrier sentence 
tasks include invariable adjectives, and target structure tasks include overtly 
agreeing adjectives. Target structure training consists of comprehension tasks 
for group R, and of comprehension and production tasks for group R&P. 

 Group R Group R&P Group C 
Session 1 vocabulary vocabulary vocabulary 
Session 2 carrier sentences carrier sentences carrier sentences 
Session 3 target structure target structure carrier sentences 
Session 4 target structure target structure carrier sentences 
   explicit rule 

instruction 
 post-tests post-tests post-tests 

 
The aim of the third session was to train the target structures in the R and R&P 
conditions. Each group performed a different set of tasks. In the training tasks for 
groups R and R&P overtly agreeing adjectives were present, e.g., rojo/a, negro/a. 
The agreement training of both groups started with a sequence of identical 
comprehension tasks. Then group R continued with two sequences of 
comprehension tasks and group R&P with two sequences of production tasks. Group 
C engaged in a comprehension task and two production tasks, all with invariable 
adjectives (e.g., azul, verde). At the beginning and end of this session, all groups 
performed comprehension and production tests with invariable adjectives. 

The fourth session consisted of two parts. The aim of the first part was to 
continue training. It started with vocabulary warm-up tasks for all groups 
(match/mismatch, see Training tasks for description) and continued with further 
sentence training tasks: 

• group R performed two sequences of comprehension tasks (with overtly 
agreeing adjectives); 

• group R&P performed one sequence of comprehension tasks and one of 
production tasks (both with overtly agreeing adjectives); 

• group C performed one sequence of comprehension tasks and one of 
production tasks (both with invariable adjectives). 

At the end of this part of session 4, the control group was given the rule 
explanation: they first read a description of the rule and were subsequently asked to 
read the description again twice, the first time filling in the correct affixes, and the 
second time the correct articles (see Appendix 5). 

The second part of session 4 consisted of the vocabulary and sentence post-
tests, which were identical for all groups. Half of the participants in each of the three 
groups started with the post-tests containing attributive adjectives, the other half 
with those containing predicative adjectives.  
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 Training and test tasks 

The training and test tasks are described in the following paragraphs. Unlike in the 
pilot experiment, in the main experiment there were separate training and test tasks. 
In all receptive training and test tasks, feedback about accuracy was provided after 
each response (except in the grammaticality judgment task) consisting of a green 
check mark or a red cross. In the training tasks, accuracy was encouraged by pre-
task instruction. In the test tasks, speed as well as accuracy were encouraged by pre-
task instruction and by presentation of the reaction times after each trial and after 
each block. The inclusion of separate training and test tasks meant that participants 
were only encouraged to respond as quickly as possible—as well as accurately—
during the test tasks. This was done in order to increase the possibility for 
participants to react as quickly as possible. 

The procedures of the vocabulary tasks—word-picture matching, 
match/mismatch and picture naming—corresponded as much as possible with those 
of the sentence tasks, so in the following sections they are described together as 
much as possible. 

 
 Training tasks 

There were two main requirements for all training and test tasks. First, as the goal 
was to assess the effect of processing, not of rule induction, it was preferable to 
minimise chances that participants would adopt an explicit learning attitude. 
Therefore, all tasks (except the grammaticality judgment task) could be performed 
on the basis of meaning alone, without attention to formal aspects. Second, tasks 
should require participants to process all relevant elements of the target structure, 
because only then could knowledge of the structure be acquired and tested. 

Vocabulary presentation. The vocabulary training session started with listening 
tasks in which each word was presented once together with a picture to clarify its 
meaning. No response was required. 

Receptive training task. Vocabulary and the target structure were trained 
receptively with the same task: a word–picture matching task for vocabulary and a 
sentence–picture matching task for the target structure. The participants indicated 
which of two pictures matched the aurally presented word or sentence by pressing a 
key on a keyboard, left or right of the spacebar (“z” for the left picture or “/” for the 
right picture). In the sentence training tasks, only one word was crucial for the 
decision: the noun, the noun in the prepositional phrase, the adjective or the verb in 
the main clause (cf. the examples in (7)–(10)). In half of the trials the crucial word 
for the decision was the verb in the main clause (dice or cree), which immediately 
followed the last element of the target structure, i.e. the adjective ending. This 
required participants to process as much of the sentence as possible—and therefore 
the entire target structure—before responding. All sentences were grammatically 
correct. The tasks consisted of 24 items in the first receptive sequence in sessions 3 
and 4, and 48 items in all other sequences. The word–picture matching tasks 
consisted of 20, 32 and 16 trials for nouns, adjectives and other words respectively.  

Production training task. Production of vocabulary and the target structure was 
trained with similar tasks: a picture description task eliciting either individual words 
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or sentences. Responses were recorded into four-second or eight-second files. A 
small clock in the left bottom corner of the screen indicated the time remaining. 
After the participants’ response, a model response was presented auditively and the 
participants indicated whether they thought their answer was correct. To facilitate 
self-assessment in the vocabulary training, participants listened to a recording of 
their own response after the presentation of the model response. The next stimulus 
appeared after 1.6 seconds and a new recording was started. In the vocabulary 
training task, each word occurred once. Nouns were named with their corresponding 
article, and adjectives were named in the form in which they had been learned (the 
masculine form). 

The productive sentence training task always consisted of 24 items. As each 
item contained one sentence produced by the participants and one model response, 
the total number of sentences in one task was 48, equal to the number of stimulus 
sentences in the receptive training task. In the productive vocabulary task each word 
occurred twice. 

 
 Test tasks 

Rationale. As has been discussed in Chapter 3, it is difficult to find pure and 
sensitive measures to discriminate between implicit or explicit knowledge. Accuracy 
and reaction time data by themselves will not show which type of knowledge is 
used, but changes in performance over time and comparisons between different 
training and test tasks may shed some light on this matter. In the present study, 
performance of the two training groups during the post-tests was compared to that of 
the control group, which only had explicit knowledge of the target structure. Also, 
production performance was compared between single-task and dual-task 
conditions; it was expected that the dual-task condition would be most detrimental to 
performance based on explicit knowledge. 

Vocabulary tests. Vocabulary knowledge was tested to check the assumption 
that it was good and comparable for all groups. Receptive testing was done with a 
match/mismatch task: the participants pressed a key to indicate whether the 
presented picture and word matched (cf. match/mismatch task for sentences). The 
test for nouns consisted of 20 trials; six nouns that occurred in the sentence training 
and four that did not, occurred in ‘match’ trials; all other nouns occurred in the 
‘mismatch’ trials. The tests for the adjectives and the remaining words consisted of 
16 trials each; all adjectives or other words occurred once in a ‘match’ trial and once 
in a ‘mismatch’ trial. Productive vocabulary knowledge was tested with a picture 
naming task (cf. productive training task). In this test, no feedback was given. Each 
noun occurred once and all adjectives and other words occurred twice. 

Criteria for speed and accuracy were set for vocabulary tasks at the end of 
session 1 and the beginning of sessions 2 and 3 (receptive: 100% accuracy and mean 
reaction time < 1000 ms for nouns and adjectives, and < 1200 ms for the other 
words; productive: >75% accuracy and reaction time < 4 seconds). If the criteria 
were not met, the test restarted. No criteria were set in the vocabulary tests 
immediately prior to the sentence post-tests. 
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Receptive tests. The two hypotheses with respect to receptive processing of 
sentences, and of gender agreement in particular, were tested with two on-line 
receptive measures. Both tested the two hypotheses, and answered the subsidiary 
questions about the influence of adjective position and gender. 

The first on-line receptive test in this study used the self-paced listening or 
moving window technique (cf. section 3.2.1). In this paradigm (often used in the 
written mode), listening/reading times have been shown to reflect the amount of 
parsing effort required in sentence processing, with longer reading times expected 
on the word or phrase that causes a processing problem of some sort. Longer reading 
times have also been found on subsequent words or phrases, due to a ‘spill-over 
effect’. In the present study, the task was used in the auditory mode, as self-paced 
listening. Participants pressed a key to hear the next words of the sentence. Each 
sentence was split into five phrases, as illustrated in (11) and (12). Each phrase was 
spoken with an intonation as if it was part of a sentence. Participants were asked to 
go through each sentence as quickly as possible. Afterwards, they indicated whether 
the sentence and picture matched by pressing a key (“/” for a match or “z” for a 
mismatch). In each sentence one word was crucial for the decision: the noun, the 
noun in the prepositional phrase, the adjective, or the verb in the last phrase. The 
task consisted of 24 trials, half of which required ‘match’ responses; only data of 
correct ‘match’-responses were analysed. All sentences were grammatically correct. 

 
(11) En el círculo – aparece – el coche – rojo – dice José. 
 PP V1 NP Adj V2 + name 
      
(12) El coche – en el círculo – se vuelve – rojo – dice José. 
 NP PP V1 Adj V2 + name 
 

It was expected that slower processing of the target structure would be reflected in 
longer listening times with respect to the last element, the adjective. Whereas in 
most studies grammaticality, ambiguity or complexity of the input material are 
varied, in the present study a difference is expected between sentences with and 
without the target structure (overtly agreeing and invariable adjectives) and between 
different manifestations of the target structure (masculine and feminine adjective 
endings). 

The second on-line measure, based on the same rationale, was the 
match/mismatch task. It was designed to provide a slightly more natural task tapping 
the same knowledge and processing as the self-paced listening task. Although the 
content and procedure were maintained, in the match/mismatch task the sentence 
was presented all together, as one uninterrupted sentence. Reaction times were 
analysed of the correct ‘match’ responses, in which the cue to the answer was the 
second verb, which immediately followed the offset of the last element of the target 
structure, i.e. the adjective ending. It was expected that longer reaction times would 
reflect slower processing of gender agreement. To the best of my knowledge, this 
type of task has not been used in this way before as a measure of speed of language 
processing. 
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The speeded grammaticality judgment task tested whether participants attended 
to the adjective endings and could correctly distinguish between correct and 
incorrect agreement The participants were asked to press a key when they heard 
“something wrong” in the sentence, and to react as quickly as possible. They were 
told that errors could include a (1) word, (2) word part or (3) word group that was 
(a) missing, (b) pronounced differently or (c) replaced, or any other form error. The 
actual errors were agreement violation (incorrect adjective ending; 24 trials), 
incorrect article (7 trials), incorrect position of the adjectives (attributive instead of 
predicative, or vice versa; 3 trials), and missing word or word part (2 trials). The 
remaining 24 trials contained correct sentences. The task consisted of 60 trials per 
adjective position. No instruction was given to attend to agreement violations. 
Accuracy of detecting violations of the target structure and accepting the correct 
sentences provided a measure of the knowledge of the target structure. Participants 
were instructed to respond as quickly as possible, but no time limit was set. Reaction 
times were used to code as incorrect the responses that were given before the 
agreement violation. This task was performed only at the very end of the last 
session, because it contained ungrammatical input and focused on form, which 
otherwise could have influenced acquisition. 

Productive tests. The productive tests tested the two hypotheses and answered 
the first three subsidiary questions, about generalisability and the influence of 
adjective position and gender. The tests had the same procedure as the productive 
training task, but did not include the model response and self-assessment. Each 
production test during training consisted of 12 trials. The production post-tests each 
contained 24 trials, half of which contained nouns that had not appeared in training, 
in order to test generalisability. To test the fourth subsidiary question, about the 
influence of explicit knowledge on productive performance, the post-test included a 
dual-task condition (see section 3.2.4 for a discussion of the dual-task paradigm). 

In the present study, the dual-task condition included finger tapping as a 
concurrent secondary task: before the visual stimulus appeared, participants tapped 
along on the keyboard with six clicks at 600 ms intervals, and continued tapping as 
they spoke. The tapping latencies, i.e., the time between two subsequent key strokes, 
was registered by the software. It was expected that the tapping task would require 
attention and thus mainly interact with processing of explicit knowledge. 
Performance on the primary or the secondary task could be affected, or both. 
Performance on the secondary task was assessed in two ways. First, of each tapping 
latency the distance from the 600 ms target was calculated, which served as an 
indication of the extent to which the target was approached. Second, the standard 
deviation (SD) of the tapping latencies within each trial were calculated. These SDs 
served a measure of consistency: the higher the consistency, the lower the SD. A rise 
in distance or a fall in consistency is interpreted as evidence for a reduction of the 
amount of attention given to the tapping task, in favour of the primary, verbal 
production task. An indication of baseline tapping performance was provided by a 
ten-item single-task tapping test, that is, tapping without a concurrent verbal task, 
immediately preceding the first dual-task picture description task. 

In addition to the accuracy of gender agreement and the consistency of tapping, 
the response durations were assessed, that is, the time participants took to speak the 
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complete sentence. These response durations were considered to reflect the fluency 
of the responses, and therefore give an indication of the processing demands. 

Questionnaires. At the end of the first session, participants filled out a 
computerised background questionnaire including questions about their age, 
education and language knowledge. Immediately following the post-tests in the last 
session, they filled out a questionnaire about their explicit knowledge of the target 
structure. The first question asked whether participants had noticed a rule during the 
experiment and asked them to provide a description of the rule—even if they had to 
think up a rule on the spot. The second question was more guided: a formulation of 
the rule was given and participants filled in the blanks with the letters corresponding 
to the adjective endings (see Appendix 6). These two questions were used to answer 
the subsidiary research question of whether the two training groups had induced 
explicit knowledge, and whether the control group could still reproduce their explicit 
knowledge. Finally, participants indicated whether they knew other languages with a 
similar agreement rule. 

5.2.4 Coding and Analyses 

The data of each test were analysed with analyses of variance with repeated 
measures. The factor Group (R, R&P, C) tests the two hypotheses. The factor time 
tests the assumption of improvement of performance and the factors gender and 
adjective position were included to answer the subsidiary questions. Effects of 
adjective type (overtly agreeing, invariable) indicate whether effects should be 
attributed to processing of the carrier sentences or of gender agreement. And finally, 
in the production post-tests the effects of cognitive load condition (single-task, dual-
task) should be attributed to differences in the extent to which processing required 
attention. 

Vocabulary tests. The data of the tests with nouns and adjectives were analysed 
separately with analyses of variance with repeated measures. The dependent 
variables were reaction times for the comprehension tasks and accuracy for the 
production tasks. For nouns, Gender (masculine and feminine nouns) was the 
within-subjects variable, and for adjectives AdjectiveType (overtly agreeing and 
invariable adjectives, see Table 5.1) was the within-subjects variable. Group (R, 
R&P, and C) was the between-subject variable in both analyses. Data of the 
remaining words (e.g., verbs and prepositional phrases) were not analysed due to an 
omission in the software of the experiment. 

Self-paced listening. The match/mismatch decisions required were expected to 
be reasonably undemanding because of the pre-training of vocabulary and carrier 
sentences. Therefore, accuracy was expected to be nearly perfect in all groups, and 
analyses were performed on the listening time data of correct answers to target trials 
(‘hits’). Listening times were measured from the onset of the auditory stimulus. 
Responses were analysed using an analysis of variance with repeated measures. The 
dependent variable was the mean listening time of hits (correct ‘match’-responses). 
The within-subject variables were AdjectivePosition (attributive, predicative), 
Gender (masculine, feminine), Phrase (prepositional phrase, verb, noun phrase, 
adjective), and Time/AdjectiveType (test during training with invariable adjectives, 
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post-test with invariable adjectives, and post-test with overtly agreeing adjectives). 
The between-subjects variable was Group (R, R&P and C). Listening times of the 
final phrase (‘dice José’, ‘cree Javier’) were not analysed, because the meaning-
based decision was taken at this point. 

Match/mismatch test. As in the self-paced listening task, the match/mismatch 
decisions were expected to be reasonably undemanding, and analyses were 
performed on the reaction time data of correct answers to target trials (‘hits’). 
Reaction time measurement started at the cue to the answer (i.e., the beginning of 
the last phrase). Any responses given before the cue were coded as misses. 
Responses were analysed using an analysis of variance with repeated measures. The 
main analysis concerned only performance after training, at the post-tests. The 
dependent variable was the mean reaction time of hits (correct ‘match’-responses). 
The within-subjects variables were AdjectivePosition (attributive, predicative), 
Gender (masculine, feminine), and AdjectiveType (overtly agreeing adjectives, 
invariable adjectives). The between-subjects variable was Group (R, R&P and C). 
To test the assumption that performance increased during training, two additional 
analyses were performed with Time as an additional within-subjects variable: 1) 
tests with invariable adjectives at the four test times that were common to all groups 
(three levels during training and one after training); 2) tests with overtly agreeing 
adjectives at all five test times of group R (four levels during training and one after 
training). 

Grammaticality judgment test. Responses in the grammaticality judgment task 
were analysed using an analysis of variance with repeated measures. The dependent 
variable was the proportion of correct responses to target trials. The within-subjects 
variables were AdjectivePosition (attributive, predicative), Gender (masculine, 
feminine), and Violation (no violation, gender agreement violation), and the 
between-subjects variable was Group (R, R&P and C). 

Production tests - accuracy. Three different types of data of the production 
post-tests were analysed: accuracy on the production task, response duration on the 
production task, and tapping latencies on the tapping task. In order to code accuracy, 
all responses were listened to twice by the experimenter. Pronunciation errors were 
ignored as long as words and endings were recognisable. Responses in which any 
element was difficult to understand were checked by a second coder: when codes 
did not correspond, the response was discarded from further analyses (32 matches 
out of 64 problematic judgments, and a total of 6528 judgments). Responses in 
which all elements except the adjective ending were immediately correct (not 
repaired) were considered ‘analysable sentences’. Of these analysable sentences 
accuracy of the adjective ending—and therefore of gender agreement—was 
assessed. The accuracy of gender agreement was analysed with an analysis of 
variance with repeated measures. The dependent variable was agreement accuracy in 
otherwise correct sentences. The within-subjects variables were AdjectivePosition 
(attributive, predicative), Gender (masculine, feminine) and CognitiveLoad (single-
task, dual-task). The between-subjects variable was Group (R, R&P and C).  

Production tests – response duration. Responses were also analysed for 
duration, measured from the presentation of the visual stimuli to the end of the oral 
response7, by means of PRAAT (a programme for speech analysis and synthesis, 
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Boersma & Weenink, 1996). For each trial a maximum of 6 stretches with 
intervening silences of no more than 500 ms were automatically identified by the 
software and their onset and offset times were registered. Subsequently, all 
generated measurements were manually checked by a research assistant in order to 
remove measurements of coughs, sighs and superfluous comments (257 trials, or 
6.17%), as well as to manually adjust faulty measurements due to insufficient 
recording quality (285 trials, or 6.84%). In total, measurements on 513 trials out of 
4167 (12.31%) were adjusted manually. The end of the last stretch of speech was 
identified as the response duration. For instance, a response recorded as “En el 
círculo … aparece … el … el coche rojo dice José … [cough]” was analysed as 5 
stretches of speech. The last stretch (the cough) was removed and the offset of 
“José” was identified as end of the response. It should be noted that response 
duration measurement started at the presentation of the visual stimuli and that self-
corrections were not removed from the measurements. The analysis of variance 
performed on the response durations as the dependent variable was the same as that 
for production accuracy: the within-subjects variables were AdjectivePosition 
(attributive, predicative), Gender (masculine, feminine) and CognitiveLoad (single-
task, dual-task). The between-subjects variable was Group (R, R&P and C). 

Production tests – tapping latencies: For each individual trial in the dual-task 
condition for which an analysable sentence was produced (with correct or incorrect 
gender agreement) the distance from the target latency and the standard deviation of 
the tapping latencies were computed8. Means and standard deviations were also 
computed for the items in a ten-item single-task tapping test, which provided a 
baseline for performance. Non-serious attempts were discarded, namely those in 
which participants clearly did not attempt to reach the 600 ms target (more than 20 
taps), stopped too soon (trials with fewer than 4 taps), or did not tap along with the 
‘clicks’ that indicated the tapping rate (when the participant started tapping after the 
penultimate ‘click’; 10.28% overall).9 

The ‘accuracy’ and consistency of the secondary tapping task were analysed 
with analyses of variance with repeated measures. The dependent variables were the 
mean distances from the 600 ms target and the mean standard deviations of the 
tapping latencies in each trial, reflecting the closeness to the target latency and the 
consistency, respectively. The within-subjects variable was Task (single tapping 
task, dual task with overtly agreeing adjectives, dual task with invariable adjectives), 
and the between-subjects variable was Group (R, R&P and C). Additional analyses 
of variance included the within-subjects variable Familiarity (trained items, 
untrained items). 

All tests. Since proportions and reaction times often have a non-normal 
distribution, transformations can help to achieve a more normal distribution 
(Stevens, 1996, p. 246). For proportions, the arcsine transformation 2*arcsine(√p) 
was used, in which p is the proportion of correct responses. For reaction times a log-
function 10log(rt) was used, in which rt is reaction time. For the tapping data, the 
distances from the target latency were transformed to the square root √d, in which d 
is the distance of the tapping latency to the target; no suitable transformation was 
available for the standard deviations. After transformation, outliers for the reaction 
times, tapping data and response durations were discarded10 Outliers were defined 
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for each group at each test as reaction times that were 1.5 times the interquartile 
range below the first quartile or above the third quartile. Note that all analyses were 
performed on the transformed and replaced data, but for clarity purposes all tables 
present raw reaction times and accuracy scores (recalculated after discarding the 
outliers and replacing the missing values). All missing values (outliers and misses) 
were replaced using the expectation maximisation technique in SPSS 11 or 12. 
Outliers and other missing values of the tapping data and response durations were 
not replaced because of the large number of missing values due to unanalysable 
sentences in the primary task. 

Reliability was assessed for all tests. In the vocabulary tests, ceiling effects were 
expected and found because near perfect scores were required (receptive reaction 
times: α = .79 for nouns and α = . 70 for adjectives; productive accuracy: α = .54 for 
nouns and α = .43 for adjectives). Reliability of the self-paced listening task reaction 
times was high (on al three test α = .99). Reliability of reaction times in the 
match/mismatch task was low for the second test during the training session of 
group R, with α = .39. Two items were removed from the analyses of this particular 
test, so that reliability went up to an acceptable level of α = .77. Reliability at the 
other test times were higher, up to α = .95. Reliability of the accuracy scores in the 
grammaticality judgment task was high (α = .97). In the production tests the spread 
of the unanalysable sentences over items and participants made it impossible to 
compute accurate reliability figures. 

A significance level of .05 was used for all statistical tests. As a measure of 
effect size, partial eta squared (ηp

2) was used. 

5.3 Results 

5.3.1 Vocabulary Knowledge 

To check the assumption that vocabulary knowledge was good, and in order to rule 
out any vocabulary knowledge effects, the post-tests in session 4 were preceded by 
receptive and productive vocabulary tests. The reaction times of the comprehension 
test are presented in Table 5.3. The analyses of variance revealed that for the nouns 
there were no effects or interactions, but for the adjectives there was a significant 
effect of AdjectiveType and a significant interaction Group X AdjectiveType, 
respectively F(1, 52) = 8.626, p = .005, ηp

2 = .142, and F(2, 52) = 5.133, p = .009, 
ηp

2 = .165. In neither adjective type condition were there differences between the 
groups. However, group R took less time to respond to invariable adjectives than to 
overtly agreeing adjectives, F (1, 52) = 17.204, p = .000, ηp

2 = .249. 
The data of the other words (verbs, prepositional phrases, and the main clauses) 

were analysed separately because the reaction times could not be corrected for 
stimulus length due to a programming error. There was no significant difference in 
reaction times between the groups. The mean reaction times for group R, R&P and 
C were 617, 659, and 695 ms, with standard deviations 141, 106, and 139 
respectively. 
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Table 5.3 Reaction time means (in ms) and SDs of the match/mismatch 
vocabulary post-test in the main experiment. 

 Nouns  Adjectives 
Group Masculine Feminine  Invariable Overtly 

Agreeing 
R (n = 18) 560 (90) 562 (93)  493 (72) 587 (126) 
R&P (n = 19) 567 (91) 567 (85)  521 (91) 544 (85) 
C (n = 18) 534 (81) 535 (72)  533 (90) 526 (91) 
Note. Standard deviations are enclosed in parentheses. 

Table 5.4 presents the accuracy scores in the vocabulary production post-test. The 
analyses of variance revealed that for the nouns there were no effects of Group and 
Gender, but there was a nearly significant interaction between Group and Gender, 
F(2, 52) = 3.070, p = .055, ηp

2 = .106. For feminine nouns there was a main effect 
for Group, F(2, 52) = 5.073, p = .010, ηp

2 = .163. Post-hoc analyses of variance 
contrasting the training groups with the control group revealed that the former did 
not produce fewer correct feminine nouns than the latter. However, contrasting the 
two training groups, it appears that group R produced fewer correct feminine nouns 
than group R&P, F(1, 35) = 9.321, p = .004, ηp

2 = .210. Furthermore, group R 
produced fewer correct feminine than masculine nouns, F(1, 52) = 7.381, p = .009, 
ηp

2 = .124. Both these effects are probably due to the number of incorrect articles 
provided with correct feminine nouns, which was relatively high for group R (8%) 
and low for group R&P (2%). 

For the adjectives the analyses revealed that there was only a significant effect 
of AdjectiveType, F(1, 52) = 12.348, p = .001, ηp

2 = .192, in that overtly agreeing 
adjectives were produced correctly less often than invariable adjectives. This was 
probably due to the adjective endings, as an analysis of the production accuracy of 
the adjectival stems revealed no significant effect. Accuracy of the remaining words 
could not be established due to a programming error. 

In summary, the assumption is confirmed that receptive and productive 
vocabulary knowledge were good in terms of accuracy and speed, and there were no 
substantial differences between the groups. However, group R showed slightly 
deviant behaviour, responding relatively fast to invariable adjectives in the 
comprehension test and scoring relatively low on feminine nouns in the production 
test.11 

5.3.2 Self-Paced Listening Task 

The self-paced listening task tested the two hypotheses, and answered the first three 
subsidiary questions, about generalisability, and the influence of adjective position 
and gender. It was performed three times: 1) in session 3 during training, with 
invariable adjectives only; 2) in session 4 after training with invariable adjectives; 
and 3) in session 4 after training with overtly agreeing adjectives. These three test 
times were subsumed under the variable Time/AdjectiveType, with Time referring  
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Table 5.4 Accuracy score means (in proportions) and SDs of the picture naming 
vocabulary post-test in the main experiment. 

 Nouns  Adjectives 
Group Masculine Feminine  Invariable Overtly 

agreeing 
R (n = 18) .93 (.10) .86 (.12)  1.00 (.00) .96 (.09) 
R&P (n = 19) .94 (.08) .95 (.07)  .99 (.03) .93 (.13) 
C (n = 18) .93 (.10) .93 (.10)  1.00 (.00) .95 (.10) 
Note. Standard deviations are enclosed in parentheses. 

to the comparison of t1 and t2 with invariable adjectives, and AdjectiveType to the 
comparison of t2 with invariable and overtly agreeing adjectives. The mean 
accuracy score at each test time was 96%, 97%, and 96% respectively. There was a 
slight trade-off between speed and accuracy as there were some small but significant 
positive correlations between the scores and listening times (rs

12 between .280 and 
.458, p<.05), for all phrases in the post-test in trials with feminine forms of the 
predicative adjective, as well as during training13. 

The analysis of variance (see also Appendix 7) revealed that there was no main 
effect for Group, but there were main effects for AdjectivePosition, Phrase, 
Time/AdjectiveType, and Gender, and interactions for Time/AdjectiveType X 
Group, Phrase X Gender, Phrase X Group, Phrase X Gender X Group, Phrase X 
Time/AdjectiveType, Phrase X AdjectivePosition, Time/AdjectiveType X 
AdjectivePosition, Phrase X Time/AdjectiveType X AdjectivePosition, Phrase X 
Time/AdjectiveType X Gender, AdjectivePosition X Gender, and also the 5-way 
interaction AdjectivePosition X Phrase X Time/AdjectiveType X Gender X Group, 
which had a very small effect size (F(12, 312) = 1.784, p = .050, ηp

2 = .064). The 
mean listening times for all phrases at all tests are presented in Figure 5.1. Because 
the 5-way interaction is difficult to interpret, it is discussed with reference to the 
other higher-level interactions. For reasons of briefness and clarity, the interactions 
that are nested within significant higher-level interactions are not discussed. 

The most important interaction is the Time/AdjectiveType X Group interaction 
(F(4, 104) = 4.791, p = .001, ηp

2 = .156), which has a medium effect size in this 
analysis. It reflects that listening times decreased for all groups, but less so for group 
C than for group R and R&P (see Figure 5.1). More precisely, listening times of all 
groups decreased from the first to the second test. At the post-test, listening times of 
groups R and R&P were shorter for sentences with overtly agreeing adjectives than 
with invariable adjectives. However, listening times of group C showed no such 
difference, which made them slower than group R in the overtly agreeing adjectives 
condition. Therefore, it seems that group C’s processing was slowed down by the 
presence of overtly agreeing adjectives (which were presented to them for the first 
time at this point). This interaction confirms the assumption that performance in 
terms of receptive processing speed increased during training. Furthermore, it 
confirms the hypothesis that receptive training results in high processing speed in  
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Figure 5.1 Listening times (in ms) in the self-paced listening tests. 

during training - invariable adjectives- masculine
during training - invariable adjectives - feminine
post-test - invariable adjectives - masculine
post-test - invariable adjectives - feminine
post-test - overtly agreeing adjectives - masculine
post-test - overtly agreeing adjectives - feminine
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comprehension tasks. However, there is no evidence for the hypothesis that the early 
introduction of production tasks results in low processing speed in comprehension 
tasks. 

The three significant three-way interactions all include the factor Phrase (which 
is also a main effect), and reflect that the different phrases show different patterns of 
results. The adjectives generally show deviant patterns from the other phrases. These 
patterns answer the research questions and are discussed first. Subsequently, the 
patterns of listening times for the other phrases are discussed, to give more general 
insight into the processing of the sentences, which will be relevant for interpretation 
of the data of the match/mismatch task. 

Adjectives: The Phrase X Gender X Group interaction (F(6, 156) = 2.975, p = 
.009, ηp

2 = .103) revealed that the listening times for adjectives were somewhat 
shorter for masculine forms than for feminine. Post-hoc analyses of variance, 
contrasting the trained groups with the control group, showed that this was the case 
only for groups R and R&P; for group C there was no significant difference between 
the listening times for masculine and feminine adjectival forms. The Phrase X 
Time/AdjectiveType X Gender interaction (F(6, 312) = 3.879, p = .001, ηp

2 = .069) 
has a small effect size and it shows that the effect of gender on adjectives showed up 
only on the post-test with overtly agreeing adjectives. The comparatively long 
listening times of the feminine adjectival forms on the post-test with overtly 
agreeing adjectives seem to reflect slow processing of feminine agreement. 

The interaction Phrase X Time/AdjectiveType X AdjectivePosition interaction 
(F(6, 312) = 21.084, p = .000, ηp

2 = .288) has a larger effect size and reflects that at 
the post-test all phrases were listened to for a shorter duration in sentences with 
overtly agreeing adjectives than with invariable adjectives, except for prepositional 
phrases, and for nouns in the predicative condition, and—crucially—for feminine 
adjectives in predicative position. This answers two of the subsidiary questions: 
feminine adjectives seem to have been processed relatively slowly, but mainly when 
they were overtly agreeing adjectives in predicative position. 

Other phrases: The Phrase X Gender X Group interaction revealed that all 
groups listened longer to phrases in sentences with masculine nouns than with 
feminine nouns (although this difference was reversed for the adjectives and the 
effect size was very small). This difference was found on the nouns for group R&P 
and C, but somewhat later in the sentence for group R, namely on the prepositional 
phrases and the verbs. The AdjectivePosition X Gender interaction (F(1, 52) = 
4.634, p = .036, ηp

2 = .082) reflects that gender had a moderate effect on listening 
times only in the predicative condition. This interaction between adjective position 
and gender may have been the result of word order: in sentences with predicative 
adjectives the nouns appear in the beginning of the sentences, which allows slow 
processing of masculine nouns to spill over onto subsequent phrases, in this case the 
prepositional phrase and the verb (e.g., attributive: “En el círculo aparece el coche 
rojo, dice José”; predicative: “El coche se vuelve rojo, dice José”). Thus, slow 
processing on masculine nouns has a larger impact on processing speed, because it 
affects more phrases. The Phrase X Time/AdjectiveType X Gender interaction (see 
Adjectives) is very small, but reflects that the gender effect on nouns and 
prepositional phrases diminished somewhat and narrowly missed significance on the 
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post-test with overtly agreeing adjectives. In short, masculine nouns seem to have 
slowed down processing of nouns or subsequent phrases, but this effect disappeared 
at the post-test. 

Phrases were generally listened to longer in the attributive condition than in the 
predicative condition. This suggests that the sentence structure of the sentences with 
attributive adjectives put higher demands on processing than the sentences with 
predicative adjectives. This raises the question of whether this was due to the post-
nominal position of the adjectives, which differs from the first language pre-nominal 
position, or to more demanding processing of agreement in attributive position than 
in predicative position. If this was the case, listening times are expected to be 
relatively slow for the attributive adjectives. This was indeed found on the two tests 
with invariable adjectives. However, listening times were already slow for the nouns 
that preceded the attributive adjectives, when the post-nominal position of the 
adjective was not relevant yet. And what is more, the effect was larger for the nouns 
than for the adjectives. This suggest that the slower processing was due not so much 
to the post-nominal position of the adjectives, but rather to the general structure of 
the sentence: sentences in the attributive condition started with a prepositional 
phrase, whereas sentences in the predicative condition started with the noun, that is, 
the subject of the sentences. The sentence structure in the attributive condition may 
have been more ‘marked’ than in the predicative condition, and so may have slowed 
down processing. The plausibility of this interpretation is strengthened by the 
finding that the difference between listening times of the two sentence positions 
disappeared for nouns and adjectives when overtly agreeing adjectives were present: 
processing of agreement on adjectives in predicative position seems to have slowed 
down processing of nouns and adjectives so that the difference disappeared. 

In summary, the assumption is confirmed that processing speed increased 
during training. The first hypothesis is confirmed that receptive training results in 
high processing speed in comprehension tasks, but no evidence was found for the 
second hypothesis, that the early introduction of production tasks results in low 
processing speed in comprehension tasks. In addition, it was found that sentence 
structure and gender influenced processing, in that the sentences in the attributive 
condition were generally processed slower than in the predicative condition, and 
processing was slowed down by masculine nouns and for the two training groups by 
feminine forms of predicative adjectives. Slow processing of masculine nouns 
spilled over on subsequent phrases for group R at the post-test. 

5.3.3 Match/Mismatch Task 

The match/mismatch task provided a second test for the two hypotheses, and also 
answered the first three subsidiary questions, about generalisability, and the 
influence of adjective position and gender. The mean accuracy score in this task on 
all test times ranged between 95% and 100%. There was no discernable overall 
trade-off between speed and accuracy as there was only a significant positive 
correlation between the scores and reaction times at the second test on trials with 
invariable masculine predicative adjectives and the post-test on trials with overtly 
agreeing masculine attributive adjectives (rs=.361 and rs=.310, respectively). Three 
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analyses were performed. The first two analyses tested the assumption that receptive 
processing speed increased during training. One analysis was performed on the 
reaction times of all groups during the receptive training of the carrier sentences 
with invariable adjectives. A second analysis was performed on the reaction time 
data of group R during their receptive training of the target structure. The main 
analysis tested the two hypothesis, and was performed on the reaction times of all 
groups at the post-test, with overtly agreeing and invariable adjectives. 

 
 During training 

The first analysis concerned the change in reaction times of all groups at all test 
times with invariable adjectives during and after training (see Figure 5.2). This 
analysis of variance revealed no significant effect for Group, but there were 
significant main effects for Time and AdjectivePosition, and interactions between 
Time and Group, and between Gender and AdjectivePosition. The interaction of 
interest, between Time and Group (F(6, 156) = 2.792, p = .013, ηp

2 = .097) has a 
relatively small effect size, and reflects that reaction times of all groups decreased 
over time, but slightly less so for group R&P than for group R and C, although this 
did not result in significant differences between the groups on the last test. The 
interaction between Gender and AdjectivePosition (F(1, 52) = 56.163, p = .000, ηp

2 
= .519) has a considerably larger effect size and reflects that responses to sentences 
with attributive adjectives were slower than those with predicative adjectives, and 
that this difference was larger in the feminine condition than in the masculine 
condition. In addition, the same interaction reflects that in the attributive condition 
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Figure 5.2 Reaction time means (in ms) of groups R, R&P and C on the
match/mismatch task with invariable adjectives during and after training (t1-3 
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responses to sentences with masculine forms were faster than to sentences with 
feminine forms, whereas in the predicative condition, the reverse pattern appeared. 

The second analysis concerned the change in reaction times of group R at all 
test times with overtly agreeing adjectives during and after training (see Figure 5.3). 
This analysis of variance revealed main effects for Time, Gender and 
AdjectivePosition, and an interaction between Gender and AdjectivePosition. The 
effect of Time (F(4, 68) = 13.413, p = .000, ηp

2 = .441) reflects that reaction times 
decreased considerably, and further analysis revealed that responses were 
significantly faster on the last test than on the first. The interaction between Gender 
and AdjectivePosition (F(1, 17) = 10.262, p = .005, ηp

2 = .376) reflects that 
responses were slower to sentences with masculine predicative adjectives than to 
their attributive and feminine counterparts. 

In sum, these first two analyses confirm the assumption that processing speed 
increased during training. In addition, they show that group R&P lagged behind 
group R and C. Although there were no overtly agreeing adjectives in the tests from 
the first analysis, group R&P’s slower processing may still be related to differences 
in target structure knowledge. Group R and group R&P had had training and 
therefore probably had knowledge of the target structure. Group R’s faster reaction 
times as compared to group R&P may be explained by the former’s larger amount of 
receptive training. Group C, on the other hand, did not have any knowledge of the 
target structure on any of the tests with invariable adjectives, because they received 
the explicit rule instruction only after the post-tests with invariable adjectives. 
Therefore, in contrast to group R&P, group C could not have been slowed down by 
knowledge of gender agreement. 
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The Gender X AdjectivePosition interactions in the two analyses are quite 
dissimilar. However, both reflect relatively slow processing of items in the 
attributive condition, and of items in the predicative condition with masculine 
nouns, which is in line with the findings of the self-paced listening test. 

 
 Post-test 

The data of the match/mismatch post-test give an indication of the end-result of 
training. They test both hypotheses with respect to receptive processing speed. A 
first glance at Table 5.5, which shows the reaction time data at the post-test, gives 
the impression that reaction times are especially slowed down by feminine forms in 
the invariable adjectives condition. However, the following results of the analysis of 
variance performed on these data will shed a different light on this matter. 

The analysis of variance revealed that there were significant effects for Group, 
AdjectiveType and AdjectivePosition, and interactions of Gender X 
AdjectivePosition, AdjectiveType X AdjectivePosition, AdjectiveType X Group, 
AdjectiveType X Gender, AdjectiveType X Gender X Group. 

The most relevant interaction is the 3-way interaction AdjectiveType X Gender 
X Group, F(2, 52) = 3.277, p = .046, ηp

2 = .112 (see Figure 5.4, with data collapsed 
across the two adjective positions). The interaction reflects that group R responded 
significantly faster than group C with respect to both genders, and faster than group 
R&P with respect to masculine forms, but this was the case only in the overtly 
agreeing adjectives condition. This confirms both hypotheses: the receptive training 
led to high processing speed in comparison to the control condition, and the early 
introduction of production resulted in relatively low processing speed. 

In addition, the interaction reflects that the groups were differentially affected 
by gender and by the presence of overtly agreeing adjectives: group R remained 
unaffected by gender and the presence of overtly agreeing adjectives, whereas group  
 
Table 5.5 Reaction time means (in ms) and SDs of the match/mismatch post-
test of the main experiment. 

 Invariable  Overtly Agreeing 
Group Masculine Feminine  Masculine Feminine 

 Attributive     
R (n = 18) 586 (132) 644 (165)  544 (142) 579 (123) 
R&P (n = 19) 687 (255) 792 (252)  751 (269) 704 (180) 
C (n = 18) 611 (199) 631 (173)  850 (231) 805 (227) 
      
 Predicative     
R (n = 18) 562 (146) 521 (149)  570 (148) 562 (125) 
R&P (n = 19) 655 (236) 663 (244)  767 (264) 671 (182) 
C (n = 18) 567 (134) 552 (202)  897 (267) 799 (250) 
Note. Standard deviations are enclosed in parentheses. 
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R&P and C were slowed down by masculine forms and overtly agreeing adjectives. 
To be more precise, group R&P responded somewhat more slowly to sentences with 
overtly agreeing adjectives than with invariable adjectives, but only when masculine 
forms were used. Group C showed this pattern for both genders, and with larger 
differences between the adjective types than group R&P. Furthermore, group R&P 
responded more slowly to feminine than to masculine invariable adjectives, whereas 
group C showed a smaller but opposite effect of gender with overtly agreeing 
adjectives, F(1, 52) = 4.810, p = .033, ηp

2 = .085. In sum, unlike group R, group 
R&P and C seem to have been affected by the presence of overtly agreeing 
adjectives, mainly when masculine forms were concerned. 

As during training, at the post-tests there was an interaction between Gender 
and AdjectivePosition, F(1, 52) = 21.512, p = .000, ηp

2 = .293. It reflects that 
responses were significantly slower for attributive adjectives than for predicative 
adjectives, but only in the feminine condition. Furthermore, reaction times were 
slower in the feminine condition than in the masculine condition for the attributive 
adjectives, but faster for the predicative adjectives. In short, it seems that again 
masculine nouns slowed down processing in sentences with predicative adjectives. 

Lastly, there was a significant interaction between AdjectiveType and 
AdjectivePosition, F(1, 52) = 26.737, p = .000, ηp

2 = .340. It reflects that for both 
adjective positions reaction times were longer for overtly agreeing adjectives than 
for invariable adjectives. Furthermore, responses were slower for sentences with 
attributive adjectives than for sentences with predicative adjectives, but only with 
respect to invariable adjectives; there was no such difference for overtly agreeing 

Figure 5.4 Reaction time means (in ms) of groups R, R&P and C on the 
match/mismatch post-test of the main experiment (collapsed across adjective
positions). Overt = Overtly agreeing adjectives; Invar = Invariable adjectives;
Masc = masculine; Fem = feminine.
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adjectives. In other words, the difference between sentences with overtly agreeing 
and invariable adjectives was larger for predicative adjectives than for attributive 
adjectives. Therefore, it seems that the presence of agreement slowed down the 
reaction times more in the predicative condition than in the attributive condition. 

In sum, the match/mismatch test confirmed the assumption that reaction times 
decreased over time for all groups. In addition, it confirmed the first hypothesis by 
showing that reaction times decreased most for group R, which had received the 
most receptive training. The second hypothesis was confirmed, because group 
R&P’s receptive processing speed was slower than group R’s. With respect to the 
secondary questions, it became clear that at the post-test group R was unaffected by 
gender and overtly agreeing adjectives, unlike group R&P and C, which were 
slowed down mainly by overtly agreeing predicative adjectives and masculine 
forms. This may be related to the larger distance between the noun and adjective for 
predicative adjectives, and to slower processing of masculine nouns, which was also 
found in the self-paced listening task (but not in the vocabulary tests). Group C was 
affected more than group R&P. 

5.3.4 Summary of Comprehension Test Data 

Both the self-paced listening task and the match/mismatch task confirmed the 
assumption that receptive processing speed would increase during training. The data 
of the post-tests confirmed Hypothesis 1: the receptive training resulted in high 
processing speed in comprehension tasks in comparison to the control condition. 
Hypothesis 2 was only confirmed by the match/mismatch test, in that receptive 
processing speed was somewhat slower for group R&P than for group R. 

With respect to the subsidiary questions, it can be concluded that in both the 
self-paced listening task and the match/mismatch task all groups listened longer to 
sentences with attributive adjectives than with predicative adjectives, but not with 
overtly agreeing adjectives. Furthermore, processing was slowed down when 
sentences contained overtly agreeing adjectives in predicative position. This leads to 
two conclusions. The first is that the slower processing of sentences with attributive 
adjectives relative to sentences with predicative adjectives was probably due to word 
order of the carrier sentences, as the effect was found for most phrases in the self-
paced listening task and for sentences with invariable adjectives in the 
match/mismatch task. The second conclusion is that processing of sentences with 
predicative adjectives was selectively slowed down by the presence of agreement. 

Sentences with masculine forms were generally processed more slowly than 
sentences with feminine forms. The self-paced listening task shows that this was 
mainly due to the nouns, not to the adjectives, since the listening times of the 
adjectives show the opposite pattern: they were longer for feminine adjectival forms 
than for masculine adjectival forms. Thus, processing seems to have been slowed 
down by masculine nouns as well as by overtly agreeing feminine adjectives. 

In short, the results of the two on-line comprehension tests show that processing 
speed increased during training, mostly so for group R, and somewhat less so for 
group R&P and C. It appears that group R&P was slower due to a smaller amount of 
receptive training than group R. Group C seems to have been slowed down at the 
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post-tests by their explicit knowledge or by the first appearance of overtly agreeing 
adjectives. Processing was slowed down mostly for group R&P and C, by masculine 
nouns, and by overtly agreeing feminine adjectives in predicative position. 

5.3.5 Grammaticality Judgment Task 

The grammaticality judgment task tested whether participants were able to identify 
and judge the correctness of adjectival affixes. Table 5.6 presents the accuracy 
scores in the grammaticality judgment task in the no-violation and agreement-
violation conditions. It shows that all three groups in all conditions were able to 
reach accuracy above chance-level of .50. The analysis of variance revealed that 
there was only a significant effect for violation condition: accuracy was higher in the 
agreement violation condition than in the no-violation condition, F(1, 52) = 7.507, p 
= .008, ηp

2 = .126. In other words, violation of agreement was detected more often 
than correct agreement.14 An additional analysis including Familiarity (trained and 
untrained items) as a within-subjects variable revealed a significant main effect of 
Familiarity and a significant interaction between Familiarity and AdjectivePosition. 
This interaction reveals that in the predicative condition there is a difference in the 
accuracy of trained and untrained nouns; however, the difference is not in the 
expected direction, since trained items were judged slightly less accurately than 
untrained items (72% versus 75%). 

Inspection of the reaction times revealed that correct reactions to violations 
were given approximately 1.5 seconds after the onset of the adjectival suffixes. 
Reaction times in the non-violation condition were slower because answers could be 
given only after the entire sentence had been presented. On average these reactions 
were given 2.1 seconds after the adjectival onset. Although this seems reasonably 
quick, the reaction times ranged between .920 and 16.824 seconds for non-violation 
items and between .158 and 9.356 seconds for violation items, with 6% and 4% 
above 4.0 seconds. This indicates that many reactions were rather slow and may 
have been based on conscious checking of agreement, possibly with the use of 
explicit knowledge. 

In conclusion, the grammaticality judgment task shows that all groups were able 
to detect agreement errors to a certain extent, also in untrained items. This indicates 
that the participants were able to identify the adjectival suffixes and judge their 
correctness rather accurately. Although on average the reaction times were 
reasonably quick, many were extremely slow, and the possibility of explicit 
knowledge use cannot be excluded. 

5.3.6 Production Tasks: Accuracy 

Two separate analyses were performed on the accuracy data of the production tests. 
The first analysis was performed on the accuracy data during training of group R&P 
(the only group to perform productive tasks during training), and checked the 
assumption that accuracy in production tasks would increase. The second analysis 
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Table 5.6 Accuracy score means (in proportions) and SDs of grammaticality 
judgment task in the main experiment. 

 No Violation  Gender Agreement 
Violation 

Group Masculine Feminine  Masculine Feminine 
 Attributive     
R (n = 18) .70 (.26) .69 (.29)  .71 (.34) .64 (.37) 
R&P (n = 19) .60 (.30) .67 (.25)  .80 (.30) .79 (.32) 
C (n = 18) .71 (.22) .72 (.19)  .85 (.17) .81 (.25) 
      
 Predicative     
R (n = 18) .66 (.30) .65 (.27)  .70 (.35) .66 (.37) 
R&P (n = 19) .69 (.27) .71 (.25)  .79 (.29) .72 (.33) 
C (n = 18) .75 (.18) .73 (.23)  .82 (.27) .84 (.20) 
Note. Standard deviations are enclosed in parentheses. 

was performed on the accuracy data of all groups on the post-tests. It tested the two 
hypotheses and answered the first three subsidiary questions, about generalisability 
and the influence of adjective position and gender. 

 
 During training 

The first analysis checked the assumption that accuracy in production would 
increase during training. Table 5.7 presents the accuracy scores at the production 
tasks of group R&P during training. Data of one participant were removed from the 
analysis due to a low number of analysable sentences (fewer than 65% overall). Of 
the remaining data, 86% was analysable at the first test during training and 87% at 
the second. The analysis of variance revealed significant main effects for Time and 
Gender, F(1, 17) = 8.177, p = .011, ηp

2 = .325, and F(1, 17) = 4.835, p = .042, ηp
2 = 

.221, respectively, and no interactions. The assumption was confirmed, as scores 
increased from the first test to the second. In addition, a gender effect was found, in 
that scores were higher for masculine than for feminine forms of the adjectives. 
 

 Post-tests 

The data of the production post-tests give an indication of the end-result of training. 
They test both hypotheses with respect to accuracy in production. Of the post-test 
production data, one participant from group R, one from group R&P and two from 
group C were removed from the analyses because they produced too few analysable 
sentences (fewer than 65% overall). Of the remaining data, overall 88% of the 
sentences was analysable, ranging between 82% and 93% per cell. 
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Table 5.7 Accuracy score means (in proportions) and SDs of the production 
tests during training of group R&P (n = 18) in the main experiment. 

 During Training  Post-test 
 Masculine Feminine  Masculine Feminine 

Attributive .89 (.16) .71 (.38)  .93 (.12) .79 (.31) 
Predicative .87 (.20) .65 (.36)  .83 (.22) .79 (.32) 
Note. Standard deviations are enclosed in parentheses. 

Table 5.8 presents the accuracy scores of all groups at the production post-tests. The 
analysis of variance revealed that there were main effects for Group and Gender, and 
significant interactions for Gender X Group and Gender X AdjectivePosition, 
respectively: F(2, 48) = 6.568, p = .003, ηp

2 = .215; F(1, 48) = 34.927, p = .000, ηp
2 

= .421; F(2, 48) = 4.820, p = .012, ηp
2 = .167; F(1, 48) = 4.029, p = .050, ηp

2 = .077. 
Notice that there was no significant effect for CognitiveLoad or any interaction with 
it, that is, there were no significant differences between the single- and dual-task 
conditions. 

The interaction of Gender X Group is important because it reveals that there 
were differences between the groups, although only with respect to feminine forms. 
Post-hoc analyses of variance contrasting group R and R&P on the one hand with 
group C on the other hand showed that the two training groups produced fewer 
correct feminine forms than group C (F(2, 49) = 6.327, p = .015, ηp

2 = .114). 
Another post-hoc analysis of variance, contrasting the two training groups, revealed 
that group R produced fewer correct feminine forms than group R&P (F(2, 33) = 
4.760, p = .036, ηp

2 = .126). In addition, the Gender X Group interaction shows that 
unlike group C, group R and R&P produced fewer correct feminine forms than 
masculine forms. These results disconfirm both hypotheses. The receptive training 
did not result in high accuracy in production in comparison to the control condition, 
but rather in low accuracy. In addition, the early introduction of production did not 
result in low accuracy in production in comparison to the receptive training, but 
rather in relatively high accuracy. 

Gender was of influence on performance, since accuracy was much higher for 
masculine forms than for feminine. In addition, the interaction between Gender and 
AdjectivePosition reflects that for feminine nouns there was a difference between 
the adjective positions, in that more correct attributive adjectives were produced 
than predicative adjectives, F(1, 48) = 4.668, p = .036, ηp

2 = .089. However, the 
effect size is rather small. 

The absence of an effect of the secondary tapping task on accuracy on the 
primary production task suggests that none of the groups needed much attention for 
the production task, or that the tapping task was not sufficiently demanding. 
Alternatively, it may be argued that there was an effect only on speed of production 
or on performance on the secondary task. Analyses of the response durations and 
tapping data may reveal more and are presented below. 
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Table 5.8 Accuracy score means (in proportions) and SDs of the production 
post-tests of the main experiment. 

 Single-Task  Dual-Task 
Group Masculine Feminine  Masculine Feminine 

 Attributive     
R (n = 17) .93 (.13) .45 (.37)  .93 (.09) .53 (.40) 
R&P (n = 18) .92 (.17) .77 (.31)  .93 (.11) .78 (.30) 
C (n = 16) .94 (.12) .91 (.18)  .97 (.06) .86 (.25) 
      
 Predicative     
R (n = 17) .92 (.15) .51 (.41)  .94 (.14) .48 (.46) 
R&P (n = 18) .97 (.06) .69 (.27)  .92 (.11) .74 (.31) 
C (n = 16) .98 (.05) .84 (.27)  .95 (.09) .81 (.33) 
Note. Standard deviations are enclosed in parentheses. 

In summary, the assumption was confirmed that group R&P’s accuracy increased 
during training. It was found that accuracy was higher for masculine than feminine 
forms, which remained so until the production post-tests. On these post-tests, all 
groups achieved some accuracy in producing gender agreement. There were 
differences between the groups, although only with respect to the feminine forms: 
the most correct feminine forms were produced by group C and the least by group R. 
This disconfirmed both Hypothesis 1 and 2. Slightly more correct feminine forms 
were produced in attributive position than in predicative position; such a difference 
was not found during training of group R&P. Crucially, accuracy was not affected 
by the secondary tapping task. Such an effect, however, may have been obscured by 
a test-retest effect, since the dual-task condition followed the single-task condition. 
An effect of the secondary task may still be revealed by the analyses of response 
durations and performance on the secondary task, which are presented in the next 
two sections. 

It must be stressed that there was some success in production of gender 
agreement: for feminine forms, the participants in this receptive training condition 
achieved just under 50% accuracy, whereas for masculine forms, accuracy 
approached 100%. If the participants had had no knowledge of the target rule at all, 
they would have used only masculine forms, resulting in an accuracy of 100% for 
masculine and 0% for feminine forms. Alternatively, they could have randomly 
chosen masculine and feminine forms, resulting in an accuracy of around 50% for 
both genders. This was clearly not the case for all but two participants (both in the 
receptive group), who produced masculine forms exclusively. 

An additional analysis including the factor Familiarity was performed to answer 
the subsidiary question about the generalisability of knowledge to untrained items 
(see Figure 5.5). Data from two participants in group R and two in group C were 
removed from the analysis because they produced no analysable sentences in one of 
the cells. The analysis revealed an additional significant 3-way interaction of 
Familiarity with CognitiveLoad and Gender, F(1, 44) = 7.874, p = .007, ηp

2 = .152. 
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It reflects mixed effects, but it is clear that accuracy for untrained items was 
generally not lower than for trained items. Therefore, performance on the production 
tests was probably not the exclusive result of learned combinations, but rather of 
generalisable rule-based, or rule-like, knowledge. In addition, the interaction 
between cognitive load and group was significant in this analysis, F(2, 44) = 3.292, 
p = .047, ηp

2 = .130. It reflects that only group C’s accuracy is lower in the dual-task 
condition than in the single-task condition. This suggests that the concurrent finger 
tapping task did indeed hinder the use of explicit knowledge, if only very slightly. 

5.3.7 Productive Tasks: Response Duration 

Table 5.9 presents the response durations of the production post-tests. Response 
duration were measured from the presentation of the visual stimuli to the offset of 
the response, of analysable sentences with correct or incorrect agreement. Coughs 
and sighs were manually excluded, but self-correction was included in the 
measurements (see also section 5.2.4). The analysis of variance revealed significant 
effects for AdjectivePosition, CognitiveLoad, and a significant interaction of 
CognitiveLoad X Gender, F(1, 46) = 18.556, p = .000, ηp

2 = .287, F(1, 46) = 7.659, 
p = .008, ηp

2 = .143, and F(1, 46) = 16.816, p = .000, ηp
2 = .268 respectively. 

The absence of a significant effect for Group shows that the response durations 
of the three groups did not differ significantly. Therefore, Hypotheses 1 and 2 are 
not confirmed. However, there is a trend in the expected direction, in that the 
receptive training resulted in higher speed in production in comparison to the control  

Figure 5.5 Accuracy score means (in proportions) of groups R, R&P and C on
the production post-tests with the factor Familiarity (collapsed across adjective
positions). N=47. ST = Single-task; DT = Dual-task; Masc = masculine; Fem =
feminine. 
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Table 5.9 Response duration means (in seconds) and SDs of the production post-
tests of the main experiment. 

 Single-Task  Dual-Task 
Group Masculine Feminine  Masculine Feminine 

 Attributive     
R (n = 17) 5.272 (.667) 5.672 (.651)  5.113 (.601) 5.064 (.762) 
R&P (n = 16) 5.341 (.801) 5.439 (.812)  5.247 (.685) 5.256 (.777) 
C (n = 16) 5.747 (.954) 5.823 (.782)  5.585 (.751) 5.448 (.699) 
      
 Predicative     
R (n = 17) 5.405 (.572) 5.549 (.581)  5.278 (.618) 5.190 (.645) 
R&P (n = 16) 5.593 (.609) 5.775 (.676)  5.491 (.638) 5.521 (.671) 
C (n = 16) 5.800 (.781) 5.924 (.726)  5.720 (.806) 5.602 (.700) 
Note. Standard deviations are enclosed in parentheses. 

condition, and the early introduction of production resulted in slightly lower speed 
in production than the receptive training. 

The effect of adjective position shows that response durations were shorter in 
the attributive condition than in the predicative condition. This may be related to the 
larger processing demands in the predicative condition, due to the larger distance 
between the noun and the adjectives. This ties in with findings in the accuracy of the 
production tasks and the reaction times of the comprehension tests, which indicate 
that gender and overtly agreeing adjectives affect performance on predicative 
adjectives slightly more than performance on attributive adjectives.15 The effect of 
cognitive load (single-task, dual-task) shows that response durations were shorter in 
the dual-task condition than in the single-task condition. The interaction between 
cognitive load and gender reflects that this is mainly due to the relatively long 
response durations of items with feminine forms in the single-task condition: only in 
the single-task condition are response durations longer for items with feminine 
forms than with masculine forms. These long response durations for sentences with 
feminine forms in the single-task condition may be related to the number of repairs, 
which was comparatively high for the single-task feminine agreement condition 
(importantly, the above-mentioned trend for group does not seem to be related to the 
number of repairs). The speed and rhythm of the finger tapping task or a retest effect 
may have influenced participants to speak faster in the dual-task condition. 

An additional analysis including the factor Familiarity (trained and untrained 
items) was performed to answer the subsidiary question about the generalisability of 
knowledge to untrained items. Again, data of two participants were discarded 
because they produced too few analysable sentences in one of the cells (see section 
5.3.6). The analysis revealed an additional significant effect of Familiarity and an 
interaction between Familiarity and Gender (F(1, 44) = 8.469, p = .006, ηp

2 = .161, 
and F(1, 44) = 5.511, p = .023, ηp

2 = .111). It reflects that sentences with untrained 
feminine nouns are produced more slowly (M = 5.628 sec.) than sentences with 
trained feminine nouns (M = 5.422 sec.) or with trained or untrained masculine 
nouns (M = 5.453 and M = 5.470 sec., respectively). This does not seem to be 
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related to the number of repairs. This interaction indicates that generalisability was 
not entirely without problems, and did require some attention. 

5.3.8 Productive Tasks: Tapping Latencies 

Analyses of the tapping latencies were performed to answer the subsidiary question 
about the use of explicit knowledge and attention. Table 5.10 and Table 5.11 present 
the data of the finger tapping task, which was used as the secondary task in the dual-
task production test. Table 5.10 presents the mean distances of the tapping latencies 
from the 600 ms target, which represent the extent to which the target latency was 
approached. Table 5.11 presents the standard deviations of the latencies, which 
represent the consistency of tapping: higher standard deviations reflect lower 
consistency. As in the analyses of production accuracy, one participant from group 
R, one from group R&P and two from group C were removed from this analysis 
because they produced too few analysable sentences (fewer than 65% overall). Only 
tapping latencies of analysable sentences (with correct or incorrect agreement, 
where applicable) were included in the analyses. Two separate analyses were 
performed: one for the distance to the target latency, and one for the standard 
deviations of the latencies. 

The analysis of variance of the mean distance from the target revealed that there 
was no effect for Group or an interaction between Task and Group. This suggests 
that the three groups needed similar amounts of attention for the primary production 
task. There was, however, a large and significant effect for Task (F(2, 96) = 
194.514, p = .000, ηp

2 = .802), in that the mean distance from the target was much 
smaller in the single-task tapping condition (performed without the primary 
production task) than in the two dual-task conditions. In addition, in the dual-task 
condition, distance from the target was slightly smaller on trials with invariable 
adjectives than with overtly agreeing adjectives. This suggest that the primary 
production task required much attention, and overtly agreeing adjectives required 
some additional attention. 

The analysis of variance of the standard deviations of the tapping latencies 
revealed that there was a relatively small but significant Task X Group interaction 
(F(4, 96) = 2.890, p = .026, ηp

2 = .107), and a significant, extremely large effect for 
Task (F(2, 96) = 911.711, p = .000, ηp

2 = .950). The groups had much higher  
 
Table 5.10 Distance to the target latency: means (in ms) and SDs on the tapping 
tasks of the main experiment. 

 Single-Task  Dual-Task 
Group   Invariable Overtly 

Agreeing 
R (n = 17) 31.55 (10.37)  74.13 (22.40) 77.15 (19.81) 
R&P (n = 18) 42.64 (18.68)  75.30 (23.53) 75.96 (23.46) 
C (n = 16) 43.23 (18.45)  81.46 (21.00) 85.11 (21.16) 
Note. Standard deviations are enclosed in parentheses. 
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Table 5.11 Consistency of tapping: means and SDs of the standard deviations 
on the tapping tasks of the main experiment. 

 Single-Task  Dual-Task 
Group   Invariable Overtly Agreeing 

R (n = 17) 29.30 (6.61)  88.81 (14.03) 95.19 (13.04) 
R&P (n = 18) 27.98 (4.99)  93.49 (16.51) 93.68 (13.20) 
C (n = 16) 28.80 (4.69)  100.95 (13.78) 105.39 (14.48) 
Note. Standard deviations are enclosed in parentheses. 

standard deviations in the dual-task conditions than in the single-task condition. The 
difference between the standard deviations in the dual-task conditions with overtly 
agreeing and invariable adjectives was also significant. A post-hoc analysis of 
variance contrasted the training groups (R and R&P) with the control group, and 
revealed signficant effects of Task and Group, as well as a significant interaction 
Task X Group (F(2, 98) = 823.127, p = .000, ηp

2 = .944, F(1, 49) = 6.142, p = .017, 
ηp

2 = .111, F(2, 98) = 4.481, p = .014, ηp
2 = .084). The interaction showed that the 

standard deviations of the training groups together were somewhat lower than those 
of the control group, but only in the two dual-task conditions. Another post-hoc 
analysis of variance compared the two training groups and did not reveal a 
significant difference between group R and R&P. Combined, these post-hoc 
analyses suggest that the control group needed more attention for the primary 
production task than the two trained groups. 

Additional analyses that included the factor Familiarity did not reveal any 
significant effects or interactions, neither for the distance from the target nor for the 
standard deviations. 

In summary, the analyses of the mean distance from the target latency and the 
standard deviations of the tapping latencies showed that the 600 ms target was 
approached more closely in the single-task condition than in the dual-task 
conditions, and that tapping consistency was higher in the single-task condition than 
in the dual-task conditions. These results suggest that the primary production task 
required a substantial amount of attention. The two training groups together were 
more consistent in tapping than the control group in the dual-task conditions with 
overtly agreeing and invariable adjectives. Taken together, these data demonstrate 
that the performance on the tapping task was highly affected by the primary picture 
description task. What is more, the control group was affected somewhat more than 
the two training groups. 

5.3.9 Summary of the Production Tests 

The data of the production tests can be summarised as follows. First of all, the 
assumption was confirmed that accuracy increased during training for group R&P. 
In addition, group R and R&P had acquired knowledge of gender agreement, and 
were, to a certain extent, able to use this knowledge during production. However, 
Hypotheses 1 and 2 were disconfirmed—although only with respect to the feminine 
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adjectives—in that at the post-tests group R produced fewer correct forms than 
group C and group R&P. In addition, there was no significant difference in the 
response durations of the three groups. 

With respect to the subsidiary questions, it can be concluded that knowledge 
was generalisable from trained to untrained items with respect to accuracy, although 
response durations were relatively high for untrained feminine items. Adjective 
position had a small effect, in that slightly more correct feminine forms of the 
adjectives were produced in attributive position than in predicative position. This 
may be explained by the larger distance between the noun and adjective. Gender 
also seemed to influence performance, since accuracy was higher for masculine 
forms than for feminine forms. This may be attributable to the vocabulary training in 
which only masculine adjectival forms appeared. Finally, no clear evidence for the 
use of explicit knowledge was found. There was no clear effect of cognitive load on 
the accuracy of the primary production task, but there was an effect on the tapping 
latencies: the mean latencies were closer to the target of 600 ms in the single-task 
condition than in the dual-task condition, consistency was much lower in the dual-
task condition than in the single-task condition, and the presence of overtly agreeing 
adjectives had a negative effect on tapping performance. These results suggest that 
all groups needed attention to perform the production task, but that group C paid 
somewhat more attention to the production task than group R and R&P. This may be 
related to the higher accuracy of group C in the primary task, and it may be the 
result of explicit knowledge use. 

5.3.10 Questionnaire 

The subsidiary question of whether the training groups had induced explicit 
knowledge was answered with the data from the questionnaire. Table 5.12 presents 
the accuracy with which participants described the grammatical rule that they 
thought was the subject of the experiment. More than half of the participants 
provided at least a partly correct description of the rule. In the second, guided 
question, the rule was presented on screen and participants only filled in the 
adjective endings. All participants who gave a correct and complete description of 
the target rule in the unguided question, answered the guided question correctly. Of 
the 34 participants who had not given a correct rule description in the unguided 
question, 7 did not provide the correct adjectives in the guided question (for group 
R, R&P and C respectively four, two and one participants). However, this does not 
necessarily imply that they had no knowledge or incorrect knowledge of the target 
structure: one participant from group R&P had switched the endings (naming –a for 
masculine and –o for feminine), the participant from group C incorrectly named –e 
as the ending for masculine, and one claimed to have made a typing error. The 
answers of these three participants in the questionnaire did not correspond to their 
suffix choices in the production post-tests. Of the other four participants, accuracy 
was extremely low and only one participant never used the –a ending. Not 
surprisingly, in answer to a subsequent question this participant indicated not to 
have detected the target rule at any time during training. In short, all but one 
participant had detected the target structure and more than half of them had induced  
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Table 5.12 Responses to the unguided question concerning explicit rule knowledge 
(number of participants) in the main experiment. 

Group Correct and 
complete rule 

Partly 
Incorrect rule 

Incomplete 
Rule 

Different 
Rule or 
no rule 

R (n = 18) 5 1 3 9 
R&P (n = 19) 8 1 5 5 
C (n = 18) 8 2 4 4 
 
at least some verbalisable knowledge of the rule, as evidenced by the unguided 
question. It is important to note that the answers could also have been given on the 
basis of implicit knowledge. The participants may have induced a rule only in order 
to answer this question. 

Because all participants had learned other languages before, they were asked 
whether they knew languages that had similar gender agreement rules. From group 
R, R&P and C respectively, 12, 11 and 10 participants claimed to have recognised 
the rule from one or more languages, naming French (27), German (1), classical 
Greek (1), Italian (2), Latin (3), Spanish (2), and Swedish (1). Interestingly, fifteen 
participants who had induced explicit knowledge claimed that they had not 
recognised it from another language. (Data about this question was missing for one 
participant from group R&P.) 

5.4 Discussion 

The main results of this experiment can be summarised as follows. The assumptions 
were confirmed that vocabulary knowledge, both receptive and productive, was 
good in all groups, and that during training, speed in comprehension and accuracy in 
production increased. Hypotheses 1a and 2a were confirmed. First, the sentence 
comprehension post-tests showed that participants in the receptive training condition 
showed fast receptive processing of sentences with overtly agreeing adjectives in 
comparison to participants in the control condition (and in comparison to sentences 
with invariable adjectives). Second, the match/mismatch task showed that 
processing speed was somewhat slower for the receptive–productive training group 
than for the receptive training group. The fact that differences in processing speed 
between groups were found almost exclusively with overtly agreeing adjectives and 
were related to gender suggests that it was indeed gender agreement that slowed 
down processing. However, Hypotheses 1b, 1c, 2b, and 2c were refuted. Although 
only with respect to the feminine forms, the receptive training group produced fewer 
instead of more correct adjectival forms than the control group (Hypothesis 1b) and 
the receptive–productive training group (Hypothesis 2b). Response durations did not 
differ between the groups (Hypotheses 1c and 2c). 

In sum, both research questions have to be answered negatively. First, although 
the proposed receptive training did improve performance on comprehension tests, it 
did not pre-empt a large number of production errors. And second, the early 
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introduction of production practice did not lead to persistent grammatical errors in 
production. 

With respect to the subsidiary questions, it can be concluded that knowledge 
was generalisable, and that adjective position and gender influenced performance. 
Knowledge appeared to be generalisable because accuracy was high for untrained 
items. However, sentences with untrained feminine nouns were produced more 
slowly than other sentences, which suggests that generalisation of knowledge to 
untrained nouns slowed down processing. The position of the adjectives seemed to 
have influenced gender agreement in comprehension and production. Overtly 
agreeing adjectives slowed down processing somewhat more in predicative position 
than in attributive position, and accuracy in production was slightly lower for 
adjectives in predicative position. These findings appear to reflect the larger surface 
distance between nouns and adjectives in predicative position. Gender influenced 
performance in that feminine forms of agreeing adjectives were processed 
receptively more slowly than masculine forms, and fewer correct feminine forms of 
the adjectives were produced than masculine forms. 

The fourth subsidiary question concerned explicit knowledge, and the 
participants’ ability to verbalise knowledge. The questionnaire data illustrate that 
most participants in the control group still held their explicit rule knowledge as 14 of 
them gave a (partly correct) rule description in response to the unguided question. In 
the trained groups, most participants verbalised their knowledge of the target 
structure to some extent, but more participants did so in the receptive–productive 
training group than in the receptive training group. It is important to bear in mind 
that participants in the two trained groups might have induced and verbalised rule 
knowledge only when it was elicited in the post-experimental questionnaire. 
Therefore, it might not have influenced performance on the comprehension and 
production tests. What is more, verbalisation may not have taken place on the basis 
of explicit knowledge but rather on the basis of item-based or implicit knowledge. 

The question now arises whether any explicit rule knowledge was used during 
the comprehension and production tasks. The control group’s only option was to use 
explicit knowledge of the target structure, because they had not received any 
training. On the other hand, the finding that the receptive and receptive–productive 
groups processed items relatively fast in the comprehension tasks—in comparison to 
the control group—indicates that these two groups either processed explicit 
knowledge fast or used implicit knowledge. The dual-task condition of the 
production post-tests was designed to show the effect of explicit rule knowledge, but 
it was not found in the accuracy of the production task. Accuracy was not affected 
by the concurrent finger tapping task, but this may have been due to a retest effect 
because the dual-task condition followed the single-task condition. Performance on 
the tapping task does suggest an effect of the control group’s explicit knowledge on 
processing: their tapping consistency was slightly more affected by the dual-task 
situation and the presence of overtly agreeing adjectives than that of the two training 
groups. The productive response durations in the dual-task condition were not 
slowed down by the secondary tapping task. In fact, they were shorter than in the 
single-task condition, mainly so for feminine forms. This may be due to the retest 
effect, the speed and rhythm of the tapping task, and to a relatively large number of 
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repairs made in items with untrained feminine forms in the single-task condition. 
Finally, the grammaticality judgment task revealed that participants in all groups 
were able to identify correct and incorrect noun–adjective gender agreement to a 
large extent. In sum, it remains inconclusive whether the two training groups used 
explicit or implicit knowledge, or both. 

Taken together, the results suggest an effect of the direction of processing 
(comprehension or production) for the two experimental groups. Although they 
outperformed the control group in terms of receptive processing speed, neither their 
implicit knowledge (if they had any), nor their explicit knowledge was available for 
production easily enough to match the accuracy of the control group. Notice that the 
directionality effect is not an all-or-nothing matter: the trained groups performed 
well in the practiced direction, but also showed some accuracy in the reverse 
direction. 

Three possible explanations for the directionality effect in this study are 
presented here. The first explanation is in line with an argumentation by Anderson 
(Anderson, 1993, p. 38), adopted by DeKeyser and Sokalski (1996; see also section 
2.3). The latter claim that in their study, transfer from one skill to the other could be 
attributed to the use of proceduralised knowledge in the trained direction and the use 
of declarative knowledge of examples in the reverse direction. Likewise, it can be 
argued that participants in the present study used implicit knowledge in the trained 
directions and explicit knowledge of examples or the rule in the untrained direction. 
Because both directions were untrained for the control group, they could only use 
explicit rule knowledge in either direction. Both directions were trained for the 
receptive–productive training group, so they had the opportunity to improve 
performance in both directions. However, the control group performed better in the 
production task than the receptive–productive training group although both groups 
had explicit, verbalisable knowledge, and the receptive–productive training group 
had had training in both directions. This unexpected difference may be explained by 
differences in the participants’ certainty about their knowledge. The control group 
may have had more confidence in their knowledge of the target structure (of which 
they had read a written description) than the receptive and receptive–productive 
training groups, who had to induce that knowledge themselves. The uncertainty of 
the two trained groups with respect to their verbalisation of knowledge is evidenced 
by some of the formulas used for the rule description. One participant wrote “I’m 
not sure whether you mean this: …” before stating the correct rule. Another 
participant first described a word order rule as the object of training, instead of the 
agreement rule, and afterwards commented “I thought the rule would be more 
complicated”. Crucially, as was said before, the two trained groups may only have 
verbalised their knowledge for the first time in response to the unguided question, 
and not earlier. What is more, their knowledge may have been verbalisable though 
not explicit. It is not clear, however, whether certainty can also explain the 
differences in performance of the two trained groups. 

An alternative explanation for the effect of processing direction may be a 
differential flow of information through a network of representations: whereas in 
comprehension, information about gender coming from the article, noun and 
adjective ending is compared, in production only the noun provides information 
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about gender, which must serve as a basis for selection of the correct article and 
adjective ending. This would mean that implicit knowledge in the form of networks 
is not necessarily bi-directional, and may require training to fine-tune processing 
specific for each direction (see also section 6.4). The finding that the receptive–
productive group produced more correct adjective endings than the receptive group 
may reflect the former group’s production practice of the target structure, which 
may have made the processes for the production of overt agreement more efficient. 
The explicit knowledge of the control group may have functioned as an even more 
efficient ‘short-cut’. 

A third explanation for the directionality effect in this study might be related to 
attention. Attention of the control group was explicitly directed at the gender 
agreement structure by the explicit instruction concerning the target structure. The 
attention of the receptive–productive group was indirectly focused at the target 
structure because they assessed their own accuracy during production training, 
although this also focused them on other aspects, such as vocabulary and 
pronunciation. Participants in the receptive condition had not received a description 
of the target structure, nor had their attention been directed at it through self-
assessment or instruction (as could have been accomplished by asking participants 
to pay attention to the adjective endings). Therefore, this group is most likely to 
have attended less to gender agreement and more to other aspects of their output, 
such as word choice, word order and pronunciation. 

A further factor that might have played a role in the receptive condition was an 
unintentional side effect of the design. In an attempt to avoid a disadvantage for the 
participants in the receptive condition due to having no production training, they 
were given the opportunity to practice producing sentences without the target 
structure. However, this might be exactly what caused their less accurate 
performance in the production post-test: during the production tasks with sentences 
containing only invariable adjectives, participants may have learned not to process 
the target structure in production. Although the receptive–productive and control 
groups also performed these tasks, they received productive practice or rule 
instruction counteracting this effect.16 

5.5 Conclusion 

This experiment shows that a training aimed at learning through receptive 
processing of many instantiations increased processing speed in comprehension 
tasks but did not pre-empt a substantial number of grammatical errors in production. 
In addition, the early introduction of tasks that call for production of instantiations of 
the target structure did not lead to a large number of persistent errors in production, 
nor to low speed in comprehension or production. It was found that knowledge was 
generalisable to untrained items, that agreement in predicative position was slightly 
less often accurately produced than in attributive position, and that fewer correct 
feminine forms of agreeing adjectives were produced than masculine. And finally, 
all groups were able to verbalise their knowledge, but the receptive training group 
somewhat less so than the receptive–productive training group and the control 
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group. In the next chapter, these results are compared with those from the pilot 
experiment.
 



 

 



  

6 Discussion and conclusions 
This chapter first gives a general summary of the preceding chapters, and 
subsequently discusses the experiments presented in Chapters 4 and 5 with respect 
to their design, method and results. It concludes with a discussion of the asymmetry 
between comprehension and production processes, and suggestions for further 
research. 

6.1 General Summary 

After the short introduction in Chapter 1, Chapter 2 gave an overview of notions 
related to grammar knowledge, such as implicitness, automaticity and asymmetry. It 
did so from different perspectives, including universal grammar and associative 
views on knowledge and learning. It was concluded that, when learning progresses, 
there is a gradual change from slow and controlled processing to faster and more 
automatic processing, associated with a change in the balance between the use of 
explicit and implicit knowledge systems. Differences between receptive and 
productive performance may be caused by a differential flow of information through 
a network of representations, as well as different timing and processing demands 
required by the different tasks. A number of accounts of knowledge and processing 
were reviewed that imply or explicitly claim that input is the basis for acquisition, 
because it is the only way in which new items can be added and knowledge can be 
adjusted and tuned to the target language. This claim led to two general research 
questions: 

 
1. Can training aimed at learning through receptive processing of many 

instantiations of a target structure pre-empt grammatical errors in 
production? 

 
2.  Does the early introduction of tasks that call for production of instantiations 

of the same target structure lead to persistent grammatical errors in 
production? 

 
Chapter 3 started out by discussing a number of practical considerations about 
research methodology. It was argued that in second language acquisition studies 
training length should be substantial, in order to increase the likelihood of 
acquisition of implicit knowledge. Furthermore, a laboratory setting and a (semi-) 
artificial target language can be used to increase control over the experimental 
situation, but may compromise generalisability to natural situations. Finally, the 
oral/aural modality can promote implicit learning and may help to improve test 
measures for implicit knowledge. Next, outcome measures were discussed with 
respect to their methodology and the information they give about the nature of 
knowledge and processing. The self-paced listening technique was considered to 
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provide a measure of receptive processing speed, as was a specifically constructed 
meaning-based match/mismatch task. Grammaticality judgments may provide a 
measure of explicit as well as implicit knowledge, in part depending on the details of 
the implementation, such as time pressure. Accuracy in production can be tested in a 
(semi-)guided way with a picture description task. Its lower memory demands 
compared to spontaneous, free production may be increased by adding a concurrent 
task. Different implementations of such a dual-task paradigm and their implications 
were discussed. In the main experiment presented here a combination of outcome 
measures has been used to provide a more detailed picture of acquired knowledge 
and processing. To conclude the chapter, a linguistic description of the target 
structure (noun–adjective gender agreement) was discussed and differences were 
identified between the structure in the target language and its equivalent in the first 
language of the learners in this study. In addition, its representation and processing 
in first and second languages was described. And lastly, it was argued that 
comprehension and production of this structure share representations—the gender of 
nouns and adjectival forms—but rely on different processes or procedures 
(postlexical checking or selection of suffixes). 

Chapter 4 described a pilot experiment that addressed the first research question 
and compared different lengths of receptive training with respect to the resulting 
performance in comprehension and production. It was shown that longer duration of 
training did not lead to improvements in performance. This may, however, have 
been the result of fatigue and loss of concentration, and of inadequate outcome 
measures. Furthermore, explicit knowledge may have overshadowed any implicit 
knowledge. This was the reason for a number of changes in the design and method 
of the main experiment. 

Chapter 5 described the main experiment, in which the two research questions 
were addressed. The experiment showed that receptive training resulted in fast 
receptive processing and some accuracy in production. The early introduction of 
production did not seem to hinder acquisition. Although the trained learners had 
induced explicit knowledge, their performance did not reach the level of learners 
who only had explicit knowledge. It was shown that direction of processing had an 
effect on performance, which may be explained by different procedures or 
processing demands posed by comprehension and production tasks. On the other 
hand, it is likely that some knowledge is shared by comprehension and production, 
because directionality was shown not to be an all-or-nothing matter. 

This final chapter compares the design and methodology of the pilot and main 
experiment, and gives an overview of the results in the light of the hypotheses and 
research questions. Special attention is given to the asymmetry of knowledge and 
processing. In addition, a number of suggestions for further research are given. 

6.2 Design and Method of the Two Experiments 

The design and method of the pilot and main experiment were similar with respect 
to length, modality and control. First, the amount of training of the target structure in 
the main experiment was in between that of the two shortest training lengths of the 
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pilot experiment. It was preceded by receptive training of carrier sentences, so that 
the total duration of training corresponded more or less to that of the medium-length 
training in the pilot experiment (group II). This was deemed to be sufficient to build 
a knowledge base, at least partially. Second, modality was the same in both 
experiments: all tasks were performed in the oral/aural mode, which limited the 
possibilities to use explicit knowledge. No written forms were given or required at 
any time. And finally, in both experiments control over amount of training, aspects 
of the target language and prior knowledge was kept through the laboratory setting, 
the semi-artificial target language, and the selection of participants on the basis of 
their knowledge of languages. 

Changes in the method and design of the main experiment compared to the pilot 
experiment included the type of training, the outcome measures, the language 
material, the number of sessions and the spread of training and test tasks over the 
sessions. In the main experiment, a group with productive training and a control 
group were added to get more detailed information about the nature of the 
knowledge acquired in the receptive training. Outcome measures taken from 
psycholinguistic research of L1 processing were shown to be informative about 
processing by L2 learners, mainly the self-paced listening task, but also the dual-task 
procedure of the production task. The self-paced listening task made clear that 
sentence structure (word order) slowed down processing of attributive sentences, 
resulting in opposite patterns of listening times for adjectives and the other word 
categories (see section 5.3.2). The match/mismatch task was adjusted for the main 
experiment so that it was more sensitive to processing of the target structure. This 
was made possible by a change in the language materials, most importantly by 
lengthening the sentences. This also increased processing demands and thus lowered 
resources for explicit knowledge. Inclusion of invariable adjectives enabled 
comparison between processing of sentences with and without the target structure. 
Finally, the training and test tasks were spread differently over the sessions, and 
more sessions were scheduled. This diminished effects of fatigue and loss of 
concentration, while also providing more time between the first training tasks and 
the post-tests. 

Another crucial change in the design of the experiment concerned the type of 
instruction. In the pilot experiment the target structure was explained to the 
participants before the start of the training. In the main experiment, no rule 
explanation was given to the training groups. This fundamentally changed the effect 
of the training task. In the pilot experiment, training could result in the acquisition of 
implicit knowledge, but only in addition to—and possibly in interaction with—the 
explicit knowledge already learned from the rule instruction. Training could also 
function as practice for using explicit knowledge, that is, for consciously checking 
gender agreement. This was encouraged by the presence of a form-focused training 
task. In contrast, in the main experiment, the training groups did not get a 
description of the target rule at the start of the training. Therefore, training could 
have served to acquire implicit knowledge or to induce explicit knowledge, or both. 
Only after explicit knowledge had been induced could it be practiced as in the pilot 
experiment, or interact with the acquisition of implicit knowledge. Therefore, any 
practice of explicit knowledge use or any interaction between explicit and implicit 
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knowledge could have started from the beginning in the pilot experiment, but only 
later in the main experiment. Whether any such interaction took place was not 
established. 

6.3 Overview of the Results from the Pilot and Main Experiment 

6.3.1 Assumptions and Hypotheses 

The assumption that receptive and productive vocabulary knowledge was good—
including knowledge of noun gender—was confirmed in both the pilot and the main 
experiment. In the pilot experiment, vocabulary tests were performed to criterion 
and in the main experiment vocabulary knowledge was tested. The assumption that 
receptive processing speed and productive accuracy increased during training was 
not confirmed in the pilot experiment. This may have been due to flawed outcome 
measures, which may not have been able to pick up the processing speed of the 
target structure and may have allowed the use of explicit knowledge. In the main 
experiment, this assumption was confirmed, as receptive processing speed and 
productive accuracy increased during training. 

The hypothesis of the pilot experiment was confirmed, in that accuracy in 
production after a certain amount of receptive training was high. However, length of 
training did not seem to influence either receptive or productive performance. The 
shortest duration of training resulted in similar levels of performance as the longest 
duration of training. In the main experiment, the first hypothesis was only confirmed 
with respect to receptive processing speed, in that receptive processing speed was 
faster for the receptive training group than for the control group. However, this 
hypothesis was not confirmed with respect to productive speed and accuracy, 
because the receptive training group produced fewer instead of more correct 
adjectival forms than the control group, and their response durations did not differ 
significantly. The second hypothesis of the main experiment was confirmed only 
with respect to receptive processing speed, in that the receptive–productive training 
group was somewhat slower on one of the outcome measures than the receptive 
training group. This hypothesis was not confirmed with respect to productive speed 
and accuracy, because the receptive–productive training group produced more 
instead of fewer correct adjectival forms than the receptive training group, and 
because their response durations did not differ significantly. In summary, the pilot 
experiment suggests that receptive training could pre-empt a large number of errors, 
but the main experiment suggests that this may not be the case when no explicit 
instruction is given. Receptive–productive training as well as explicit instruction 
may pre-empt more errors in production. 

6.3.2 Subsidiary Questions 

In both experiments, a number of subsidiary questions were addressed. They 
concerned the generalisability and verbalisability of the acquired knowledge, and the 
influence of gender and adjective position of processing. During the analysis, it 
became clear that the structure of the carrier sentences may also have influenced 



 DISCUSSIO N AN D CONCLUSION S 109 

 

processing, mainly as a consequence of word order. These questions are addressed 
in this section. 

Generalisability. In both experiments, knowledge was generalisable from 
trained to untrained items, which was evidenced by the high productive accuracy on 
untrained items, well above chance level. The productive response durations of the 
main experiment suggests that generalisation to untrained feminine items was not 
entirely unproblematic, as response durations were longer for untrained feminine 
items than for trained feminine items and trained or untrained masculine items. 

Gender. Gender seemed to influence performance in both experiments. In the 
pilot experiment, more masculine adjectival forms were produced correctly than 
feminine (the receptive processing of masculine forms was not measured). In the 
main experiment, receptive processing of masculine forms was faster than of 
feminine forms, although it was slowed down more in the predicative condition 
when adjectives showed agreement. In the production tests, more correct masculine 
adjectival forms were produced than feminine by the two trained groups. The better 
performance on masculine forms may be related to the vocabulary training. In the 
pilot experiment, masculine forms were more salient because they were always 
heard and spoken first; in the main experiment, vocabulary training contained only 
masculine adjectival forms. The higher saliency and frequency may have given the 
masculine adjectival forms a default status. 

Adjective position. Adjective position also had a small effect on accuracy in 
production. In the pilot experiment, more correct adjectival forms were produced in 
attributive position than in predicative position, although only with trained nouns. In 
the main experiment, slightly more correct adjectival forms were produced in 
attributive position than in predicative, with trained as well as untrained nouns. This 
may have been caused by a longer distance between the noun and predicative 
adjective in the surface form of the output, which requires gender information to 
stay available longer or to be reactivated. In other words, working memory demands 
may be larger for adjectives in predicative position than in attributive position. From 
a perspective of generative grammar, gender agreement is not different for 
attributive and predicative adjectives with respect to distance—because both occur 
in specifier–head relations—but it is different with respect to the syntactic relation 
between the noun and adjective: theta-identification and theta-binding for attributive 
adjectives and a predication relation for predicative adjectives. This might be related 
to the differences in performance on adjectives in attributive and predicative 
position, but to the best of my knowledge, this has not been claimed or investigated 
before. On the related issue of subject-verb agreement by native speakers, however, 
it has been claimed that surface distance may be less relevant for production 
accuracy than hierarchical structure, or syntactic proximity. Vigliocco and Nicol 
(1998) argue that in production, subject-verb agreement is computed during an early 
stage in which syntactic structure is built, and that only in a later stage words are 
assigned to their linear position. If this also applies to noun–adjective gender 
agreement, not the surface distance between noun and adjective but their syntactic 
relation should be the cause of differences between agreement on attributive and 
predicative adjectives. 
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Sentence structure. The structure of the carrier sentences influenced 
performance, because for sentences with attributive adjectives processing speed was 
generally slower than for sentences with predicative adjectives. Whereas in the pilot 
experiment this could have been caused by the sentence-initial position of the verb, 
which is different from word orders allowed in the first language of the learners, in 
the main experiment this explanation was no longer viable because the sentences did 
not violate the first language grammar in this respect. Other possible causes were the 
post-nominal position of attributive adjectives, which deviates from the first 
language, and the late appearance of the noun, which delayed part of the decision 
making process. The self-paced listening task showed that the difference between 
the listening times in the attributive and predicative conditions at the first two tests 
was even larger for nouns than for adjectives, in other words not only adjectives but 
to a larger extent also nouns were processed more slowly in the attributive condition 
than in the predicative condition. This suggests that the slower processing of 
sentences in the attributive condition was not (only) caused by the post-nominal 
position of the adjectives (otherwise there should only have been an effect on the 
adjectives, not on the nouns). 

Explicit knowledge. In the pilot experiment, all participants received explicit 
instruction about the target structure. Questionnaire data demonstrated that they still 
held explicit knowledge of this rule after the post-tests. In the main experiment, only 
the control group received explicit instruction on the target structure. They showed 
they still had this knowledge on the post-experimental questionnaire. The training 
groups could verbalise their knowledge, but more participants did so in the 
receptive–productive training group than in the receptive training group, and it could 
not be established whether it was verbalised in response to the elicitation or had 
been verbalisable earlier. 

The tests that were used to elicit explicit knowledge were rather restricted. In 
the pilot experiment only one open-ended question was asked. This may not have 
yielded a detailed picture of the exact knowledge, because participants could easily 
leave out relevant elements, such as suffixes. Therefore, in the main experiment, the 
open-ended question was followed by a guided question which specifically asked for 
certain elements of the structure, namely the adjective endings. In addition, 
participants were asked whether they had recognised the rule from another language. 
These questions are still rather restricted, because verbal reports of knowledge only 
measure the ability to verbalise rules, which is distinct from having conscious 
awareness of a rule, if only because verbalising requires productive knowledge of 
metalanguage, be it formal or informal. More elaborate ways of testing explicit 
knowledge have been discussed by R. Ellis (Ellis, 2004; R. Ellis, to appear). For 
instance, learners may be asked to explain a grammatical feature within example 
sentences. However, this leaves open the possibility to analyse the sentence and 
formulate a rule on-line, so that it is not measured what the learners already know, 
but rather how well they can analyse. In addition, learners were asked to identify a 
certain grammatical item in a sentence or text or to label items, in order to measure 
their receptive or productive metalinguistic knowledge. Ellis also showed that 
judgments of ungrammatical sentences in a grammaticality judgment task without 
time pressure loaded on the same factor as the other metalinguistic measures, which 
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he had labeled ‘explicit knowledge’. These tests—especially in combination—can 
give more detailed information about any explicit knowledge the learners may have. 

Because the control group in the main experiment achieved the highest accuracy 
in the final production tests, it might seem as if further evidence is provided that 
grammar instruction is more beneficial and more effective and efficient than implicit 
learning. However, the secondary tapping task in the production post-tests 
demonstrated that the control group allocated somewhat more attention to the 
primary production task than the two training groups. Therefore, it is not clear 
whether their explicit knowledge would have helped them in tasks with much higher 
memory demands. It is also not certain whether they would not have forgotten their 
knowledge faster than the training groups would. Because no delayed post-tests 
were administered, however, this remains pure speculation. 

6.4 Asymmetry of Knowledge and Processing 

In section 2.5 the asymmetry of knowledge and processing was discussed. For first 
language processing in adults, it seems to be generally accepted that, although 
comprehension and production partially overlap, they are different tasks that put 
different demands on processing. For second language acquisition, a number of 
different claims are made. DeKeyser (e.g., DeKeyser, 1997), from a skill-acquisition 
viewpoint on language acquisition, claims that comprehension and production are 
different skills, relying on different procedures. Therefore, if knowledge is to be 
shared between comprehension and production, it must take place through 
declarative knowledge. However, some procedures may contain chunks of 
declarative knowledge that cannot be shared between procedures. Wallach and 
Lebiere (2003) present a version of skill-acquisition theory (ACT) in which 
declarative knowledge is never incorporated into procedures and can therefore be 
shared between different skills. 

VanPatten (2002a) and Truscott and Sharwood-Smith (2004, p. 5) claim that 
there is a complete overlap between comprehension and production. The former 
claims that a specific type of comprehension training can alter the underlying 
knowledge system of the language, and thus influence performance in production. 
The latter explicitly state that “production in the model involves the same items and 
mechanisms as comprehension” (p. 5), and “The items used in production are 
established through comprehension” (p. 6). However, these accounts of language 
learning and processing cannot readily account for differences in performance 
between comprehension and production, such as those found in the present study. 

Associative accounts of language learning and processing may be interpreted to 
support a partial overlap between comprehension and production. What is shared 
between both types of processing are the representations, and what differs is the 
flow of activation. This deserves more detailed consideration. In Chapter 2 the 
claims were reported that implicit knowledge can be abstract or concrete, and that it 
might be generalisable or hyperspecific. It was suggested that implicit knowledge 
may be generalisable to new instantiations, but only within specific tasks. This could 
be interpreted as the result of representations being shared between tasks but 
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activation flow being task-specific. Importantly, representations are not restricted to 
storing the exact physical stimuli; they can also form abstract categories, abstracted 
over a large number of physical stimuli. Words, for example, may be stored exactly 
as they were once perceived and processed, but in addition word categories may 
appear such as noun and verb, or count noun and mass noun. Processes, because 
they are at least partially task-specific, must be established separately for different 
tasks, such as comprehension and production. For verbal agreement, comprehension 
would entail checking of inflectional forms, whereas production would ask for their 
selection. Checking involves comparing information coming from different sources 
(e.g., information about number coming from subject and verb is compared) whereas 
selection involves information coming from one or more sources and activating and 
selecting other representations (e.g., information about the number of the subject 
helps in the activation and selection of the correct number of the verb). 

The results of the main experiment indicate that it is unlikely that all knowledge 
and processes or procedures are shared between comprehension and production. A 
complete overlap could not account for the differences found between performance 
patterns in comprehension and production tasks. Consider the performance of the 
receptive training group. Their receptive processing speed increased as a result of 
processing input, it was faster than that of the control group, and it did not seem to 
be disrupted by the presence of overtly agreeing adjectives of either gender. This 
indicates that knowledge was acquired and processing speed was fast in 
comprehension. However, production accuracy was far from perfect. In other words, 
there was a clear asymmetry between comprehension and production. The idea that 
comprehension and production are at least partially separate is reinforced by the 
performance of the receptive–productive training group: this group’s processing 
speed in comprehension was slightly lower than that of the receptive group, yet their 
accuracy in the production tests was higher. 

On the other hand, the present study shows that it is unlikely that processes of 
comprehension and production are completely separate. Some transfer from 
receptively acquired knowledge to production was found, as the receptive training 
group achieved some accuracy in the production post-tests. It has been argued by 
others that such transfer from receptive to productive performance is due to induced 
explicit knowledge. However, this alone cannot explain the higher accuracy for 
masculine forms relative to feminine forms: explicit knowledge of a rule, such as 
“Use –o with ‘el’ and –a with ‘la’”, in itself would not explain why –o would be 
used correctly more often than –a. 

If processes of comprehension and production overlap, and if early production 
leads to errors and thus incorrect knowledge and processing, early production can be 
expected to hinder acquisition in general, affecting performance in production as 
well as comprehension. It was not shown, however, that early production hindered 
acquisition to any great extent. In the pilot experiment, longer receptive training did 
not lead to higher accuracy in production, although this may have been due to a 
strong influence of explicit knowledge. In the main experiment, participants in the 
receptive–productive group were shown to recover from errors made early on in 
training, as their accuracy in production tests increased during training. However, it 
remains unclear whether a more substantial receptive training (without rule 



 DISCUSSIO N AN D CONCLUSION S 113 

 

instruction) prior to production would have led to higher accuracy in production or 
to faster recovery from error. Evidence for this could have been provided if it was 
shown that the receptive group made fewer errors than the receptive–productive 
group at their respective first tests. Unfortunately, this could not be established 
because the first tests of the two training groups could not be compared due to 
differences in implementation, such as the presence of invariable adjectives and 
untrained nouns in the post-tests. Evidence for faster recovery from error could have 
been found if the receptive group had received additional productive training after 
their first production tests. 

In sum, although performance in comprehension and production may differ, 
some knowledge may be shared between them, such as knowledge of the gender of 
nouns. Processing in comprehension and production may differ with respect to the 
timing of agreement processing (after the phonological processing of the adjectival 
suffix in comprehension, or before in production) and with respect to the type of 
procedures or processes (checking in receptive processing, and selection in 
productive processing). The representation and processing of gender agreement in 
the participants in the present study may be represented using an addition to the 
model of Jescheniak and Levelt (1994) as discussed in section 3.3.3. 

The model of Jescheniak and Levelt (1994), which was described in section 
3.3.3, concerned only production. Following Friederici and Jacobson (1999) in using 
this model for comprehension as well, adding the links for comprehension would 
result in the (adapted and somewhat simplified) model presented in Figure 6.1. This 
is not intended as a complete model of gender agreement, but only serves to 
illustrate that the crucial difference between the receptive and receptive–productive 
training lies in the connections from the masculine gender node to the suffix –o and 
from the feminine gender node to the suffix –a: these were only trained in the 
receptive–productive training. Note that adjectival agreement is represented in this 
model in the form of the suffixes –o and –a. Alternatively, it may be represented as 
inflected adjectival forms, so that rojo and roja (red-Masc and red-Fem) each have 
their own representation and connections between them. Whether adjectival stems 
and suffixes should be represented separately, or inflected adjectival forms, or both, 
is a matter for further research. 

The model in Figure 6.1 does not contain representations of the first language. 
Following De Bot’s (1992) adaptation of Levelt’s (1989) monolingual model to a 
model for the bilingual speaker, we may assume that the meaning representations of 
the L1 and L2 are shared, being linked to representations at the lemma level that are 
language-specific. These language-specific representations may, however, have 
connections between them that could explain, for instance, phenomena related to 
cognates. With respect to the formulator, De Bot argues that different languages 
have separate processing components. This may mean that nouns must be linked to 
gender nodes that are specific to each language. To explain the cross-linguistic 
influence of gender, it can be argued that the gender nodes of different languages are 
connected. 

A caveat is in order when describing the participants’ knowledge in terms of 
this model. Because of the short duration of training and the limited extent of the 
acquired knowledge, participants may not have developed the full model. For 
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instance, having heard only definite determiners and no other types of determiners, 
the gender nodes may not have formed. However, this model does indicate that it is 
likely that the difference between the acquired language systems of the two trained 
groups lies in the connections between the genders and the adjectival forms. 

It is important to bear in mind that the difference in processing between 
comprehension and production may also lie in other factors, such as working 
memory load or the choice between syntactic or semantic strategies. Strategies in the 
comprehension tasks of the present study may have been more semantic than 
syntactic, not taking gender agreement into account: receptive training and testing 
could have been performed solely on the basis of semantics instead of on syntactic 
structure. As Indefrey et al. (2004) have argued, participants may give priority to 
semantics over syntax in a semantic comprehension task (a match/mismatch task). 
Thus, this task may not require processing of the target structure, and therefore not 

Figure 6.1 Simplified and adapted fragment of the lexical production network
from Jescheniak and Levelt (1994). Connections are added for comprehension 
processes, as well as representations for adjectival suffixes. Bold lines represent
the connections that have been trained exclusively in the receptive–productive 
training. Masc = masculine; Fem = feminine. 
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promote its acquisition. Neither might this task be able to test knowledge and 
processing of the syntactic structure. However, if this were the case, the effect on 
listening times in the self-paced listening task would not have been found. 

6.5 Suggestions for Future Research 

The experiments presented here could be replicated in order to test whether the 
results are generalisable to different groups of learners. First, learners with different 
learning styles, such as learners with lower levels of education or younger learners, 
may rely less on explicit knowledge and have less experience with explicit ways of 
language learning than the learners tested here. Crucial to implicit learning is the 
length of training, or the amount of practice. As DeKeyser (2003) pointed out, 
training studies of short duration are biased in favour of explicit learning. Implicit 
learning is a long process, as it requires processing of large numbers of 
instantiations, probably more than the few hundreds in the learning conditions of the 
present study. Second, the participants in these experiments had no (or very little) 
knowledge of the target language. The acquired knowledge therefore could not 
become part of a larger body of knowledge. It could be argued that this may have 
encouraged different learning strategies than in more natural language learning 
situations. Therefore, replication of this study with higher-level learners could show 
how receptive training affects knowledge and processing when more factors come 
into play, such as knowledge of natural gender and exceptions.  

This constitutes a further point for future research: how gender marking, natural 
gender, the number of exceptions, and the number of categories that show 
agreement, all affect acquisition of gender agreement. First of all, gender marking 
on the noun and natural gender could facilitate acquisition, by enabling transparent 
form–form and form-meaning connections. These factors have been shown to 
influence processing of gender agreement by L1 speakers (see Chapter 3), but—to 
the best of my knowledge—there has been no investigation of how they influence 
(second language) acquisition. Exceptions, on the other hand, may obscure relations 
between gender and gender marking, thus hindering acquisition. Finally, if a larger 
number of word categories in a language show gender agreement, more evidence for 
gender agreement is present in the input so that the learners may more quickly 
acquire gender agreement. A similar argument was put forward by Mills (1986), as 
discussed in section 3.3.3 for first language acquisition of natural gender marking on 
pronouns in English and German. 

In this dissertation, the effect of comprehension training was assessed. 
However, the type of comprehension training may have significantly affected its 
potential success. The two training tasks in the pilot experiment focused either on 
form or meaning. The training task in the main experiment only focused on 
meaning, although it still allowed participants the opportunity to choose to focus on 
form. Future research may investigate how task characteristics influence what is 
acquired focusing very specifically on categories that are formed, or on the 
connections that are formed and strengthened, for instance form-meaning 
connections or associations between nouns and adjectival forms (cf. Truscott and 
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Sharwood-Smith’s (2004) Acquisition by Processing Theory). A task that might 
induce the creation of a gender category is one that requires participants to identify 
the correct antecedent of adjectives by choosing among several nouns or pictures 
representing nouns on the basis of the adjectival form (e.g., “Which of these pictures 
is referred to in this sentence Quiero leerlo [I want to read it-masc]” with pictures of 
a magazine [la revista – feminine], a book [el libro – masculine], a car [el coche – 
masculine] and a table [la mesa – feminine]). In addition, a larger variety of training 
tasks, especially in combination with more diverse language vocabulary and 
sentence constructions, may result in more elaborate networks of knowledge. 
However, this presupposes a larger amount of knowledge, so that more advanced 
learners should be tested than in the present study. 

Additionally, future research should try to focus more on the differences 
between knowledge and processing in comprehension and production, as discussed 
in sections 2.5 and 6.4. A training task that might bridge the gap between 
comprehension and production may be syntactic priming. Previous studies (with L1 
speakers, see Chapter 2) have shown that syntactic structures can be primed from 
comprehension to production. It would be informative to investigate whether this 
priming can result in transfer from receptive to productive processing, by testing 
whether a training task that makes participants produce sentences with syntactic 
structures that they have just comprehended can lead to faster, more efficient 
acquisition than separate comprehension and production training of the same 
sentences. The comprehension part of each training item would facilitate production 
by pre-activating the necessary representations, (or items and procedures, depending 
on the framework of analysis). The production part might form or strengthen the 
connections relevant to production, such as a connection from a feminine gender 
node to a feminine adjectival form or suffix. 

6.6 Conclusion 

The present study has shown that it is possible for second language learners to 
induce some (explicit or implicit) knowledge of a morphosyntactic structure in 
training that focuses on comprehension of aurally presented stimuli containing the 
target structure. Although the training led to increased processing speed in 
comprehension, it did not pre-empt a large number of errors in production. It is 
unclear whether a different type of comprehension training would have been more 
successful in this respect. In addition, the study has shown that an early start of 
production training did not severely hinder acquisition. Contrary to a number of 
other studies, the present study suggests that production training is a necessary 
component of the acquisition process. 

With respect to methodology, this study demonstrates that a range of carefully 
chosen and constructed tests can give a more detailed picture of what is learned. 
Future research will have to address such questions as how characteristics of training 
tasks and material influence the success of acquisition in terms of representations 
and processing. Most importantly, it should focus on the asymmetry—and 
symmetry—of comprehension and production in second language acquisition.



 

Notes 
1 Segalowitz and Segalowitz (1993) refer to some studies in which the coefficient of 
variance was used as a correction of variability for the latency of responding. This 
correction is needed because higher means go together with higher standard 
deviations. In order to compare standard deviations of measurements with different 
means, the CV can be used because it correct standard deviations for differences in 
means. 
2 There are neuter forms of pronouns and demonstratives (lo, esto, eso, aquello, 
always without complement), but Harris argues that these do not have neuter gender, 
but rather lack a gender specification, which gives them a –o ending by default. 
Their masculine and feminine counterparts (el/la, este/esta, ese/esa, aquel/aquella, 
with or without a complement) bear a specific diacritic that gives them the –ø or –e, 
and –a endings. 
3 An implementation of the gender system as proposed by Harris (1991) might 
entail that feminine forms are connected to a separate feminine gender node, which 
should be connected to a node that provides them with the –a ending. Masculine 
nouns and ‘neuter’ determiners whould not be linked to a gender node, but directly 
to a node that provides them with the –o ending. 
4 One participant from group I claimed not to know any French, and one participant 
from group II claimed not to know any German or French. 
5 €11,34, €13,62 or €15,88 for group I, II, and III respectively. 
6 Only six seconds were indicated, although seven seconds were recorded. 
7 Voice Onset Time would not be a relevant measure here as gender agreement is 
assumed to be computed during the production of the utterance, and would not affect 
the onset time of the response. 
8 Response duration, and tapping latencies and consistency were computed for all 
analysable sentences, irrespective of the correctness of agreement. In other words, 
they were computed not only for sentences produced with correct agreement, but 
also with incorrect agreement. An analysis of only analysable sentences with correct 
agreement would have to be performed on a severely limited set of data points, 
mostly with respect to group R. A possible trade-off between accuracy and speed 
would give an advantage to participants who would chose to speak fast while 
compromising accuracy. However, correlations showed that such a trade-off was not 
found in the data. 
9 Because the presentation of the visual stimuli seemed to have disrupted some 
observations of tapping latencies. Based on the distribution of the data, it was 
decided to replace the first or second tap after the presentation of the visual stimuli 
by missing values if it was less than 41 ms (3,7% overall). 
10 Percentage of discarded outliers per test: 
Self-paced listening: 1.55% (overall) 
Match/mismatch: t1 – t8: 3.71%, 2.23%, 3.61%, 2.93%, 4.73%, 2.96%, 3.79%, 
2.60% (overall). 
Finger tapping (distance and/or standard deviation is outlier): 3.31% 
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Response durations (production): 0.11% (overall) 
11 When only the data of the participants included in the analysis of the production 
post-tests were included, the significant interaction between group and gender with 
respect to the nouns disappeared. The patterns of results for the adjectives remained 
the same. 
12 Spearman’s rho was used for these correlations because of the non-normal 
distribution of the accuracy data. 
13 Out of the 48 correlations, the following six were positive and significant, 
indicating a trade-off between speed and accuracy, in that lower reaction times are 
correlated with lower accuracy scores. The trade-off shows that accuracy was 
compromised in favour of speed mainly in the post-test with agreeing feminine 
adjectives in predicative position, which may be an additional explanation for the 
relatively long listening times in the corresponding items with masculine forms. 
 
Time Adjective 

Type 
Adjective 
Position 

Gender Phrase rs p N 

During 
training 

Invariable Predicative Masculine Adjective .280 .038 55 

Post-
test 

Invariable Predicative Feminine Article + 
Noun 

.458 .000 55 

 Overtly 
Agreeing 

Predicative Feminine Prepositional 
Phrase 

.405 .002 55 

 Overtly 
Agreeing 

Predicative Feminine Verb .358 .007 55 

 Overtly 
Agreeing 

Predicative Feminine Article + 
Noun 

.298 .027 55 

 Overtly 
Agreeing 

Predicative Feminine Adjective .321 .017 55 

 
14 An anonymous reviewer of an article written about the main experiment suggested 
there might have been a set effect because there were twice as many agreement 
violation items as distracter items. In other words, the large proportion of agreement 
errors in the test may have led participants to expect gender agreement errors, and to 
ignore other errors. However, this does not seem to be the case. The mean accuracy 
scores for the distracter items show that participants attended to more than just 
agreement violations: they correctly rejected on average 77% of the sentences with 
incorrect articles, 95% of the sentences with missing words / word parts, and 51% of 
the sentences of the incorrect type (e.g., ‘En el círculo aparece el coche rojo, dice 
José’ instead of ‘El coche en el círculo se vuelve rojo, dice José). 
15 Inspection of the voice onset times (the beginning of the responses) shows that 
responses in the predicative condition started much later than in the attributive 
condition (361 ms). This is likely to be due to the fact that responses in the 
predicative conditions started with the noun phrase, while those in the attributive 
condition started with the prepositional object, the first two words of which were 
always identical: ‘En el…’(In the…). Although the mean length of the utterances 
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(total duration – voice onset time) was somewhat shorter in the predicative condition 
than in the attributive condition, this probably is probably due to the fact that this 
measurement includes the selection of nouns in the attributive condition but not in 
the predicative condition (because there it takes place before the voice onset). 
Because response durations include noun selection as well as agreement, they are 
deemed to be better measures of overall processing load. 
16 I thank Nick Ellis for pointing this out to me. 
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Appendix 1 Screenshots pilot experiment 

Screenshots of trials in the comprehension tasks with attributive adjectives and 
predicative adjectives during the visualisation of appearing and changing colour. 
 
 
 

 
 
 

Auditive stimulus (attributive): “Aparece el coche negro.” 
 
 
 

 
 
 

Auditive stimulus (predicative): “El coche se vuelve negro.” 
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Appendix 2 Instruction about verbs in pilot experiment 

Instruction about the two types of sentences in the pilot experiment, at the beginning 
of the target structure training in session 2. 

 
[Note: The programme did not proceed to the next task until all four audio fragments 
had been listened to at least once.] 

 

Twee typen zinnen. 
 

Het eerste type beschrijft het feit dat er een plaatje verschijnt. 
 

* Type v om het Spaanse woord voor ‘verschijnt’ te horen. 
* Type a om het Spaans voor ‘De grote auto verschijnt’ te horen. 

(‘groot’ = ‘grande’) 
Let op: ‘verschijnt’ staat in het Spaans aan het begin van de zin! 

 
Het tweede type beschrijft het feit dat het plaatje verandert. 

* Type w om het Spaanse woord voor ‘wordt’ te horen. 
* Type u om het Spaans voor ‘De auto wordt groot’ te horen. 

(‘groot’ = ‘grande’) 
Let op: de Spaanse vertaling van ‘wordt’ bestaat uit twee woorden! 

Two types of sentences. 
 

The first type describes the fact that a picture is appearing. 
 

* Type v to hear the Spanish word for ‘appears’. 
* Type a to hear the Spanish for ‘The big car appears’. 

(‘big’ = ‘grande’) 
Note: in Spanish ‘appears’ is at the beginning of the sentence! 

 
The second type describes the fact that the picture changes. 

* Type w to hear the Spanish word for ‘turns’. 
* Type u to hear the Spanish for ‘The car turns big’. 

(‘big’ = ‘grande’) 
Note: the Spanish translation of ‘turns’ comprises two words! 
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Appendix 3 Questionnaire background information 

[Original version in Dutch only] 

ALGEMEEN / GENERAL 
Naam / Name: 
Leeftijd / Age: 
Onderwijsinstelling / Educational institution: 
Opleiding / Subject area: 
Studiejaar (of jaar van afstuderen) / Year of study (or year of graduation):  
 
 
TALENKENNIS / LANGUAGE KNOWLEDGE 
Moedertaal / Mother tongue: 
Kennis van andere talen / Knowledge of other languages: 
 (geen kennis)       (vloeiend) 
 (no knowledge)      (fluent) 

Nederlands / Dutch  0 1 2 3 4 5 
Engels / English  0 1 2 3 4 5 
Duits / German  0 1 2 3 4 5 
Frans / French  0 1 2 3 4 5 
Italiaans / Italian  0 1 2 3 4 5 
Turks / Turkish  0 1 2 3 4 5 
Arabisch / Arabic  0 1 2 3 4 5 
Anders, nl: / Other, viz. 
_______________  0 1 2 3 4 5 
_______________  0 1 2 3 4 5 

 

 

VOORKENNIS SPAANS / PRIOR KNOWLEDGE OF SPANISH 
1. Hoe was uw kennis van het Spaans voorafgaand aan dit experiment? 
How was your knowledge of Spanish prior to this experiment? 

helemaal niets / enkele woorden / enkele zinnen / ik kan een kort gesprekje 
voeren 
none / some words / some sentences / I can have a short conversation 
 

2. Kende u de woorden uit deze training al? 
Did you know the words from the training beforehand? 

 allemaal niet / sommige wel / de meeste wel / allemaal 
 none / some / most / all 
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3. Kende u de regel uit deze training al? 
Did you know the rule from this training beforehand? 

 helemaal niet / een beetje / vrij goed / heel goed 
 not al all / a little / quite well / very well 

4. Spreekt u andere talen waarin deze regel ook voorkomt? 
Do you speak other languages that have the same rule? 

 Nee / Ja, namelijk:  
No / Yes, namely: 
_______________________________________________________ 

 

5. Geef een zo volledig mogelijke omschrijving van de regel. 
Describe the rule as completely as possible. 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

 
6a. Heeft u na de woordenschattraining woorden opgezocht in een woordenboek? 
Have you looked up any of the words in a dictionary after the vocabulary training? 

Ja / Nee 
Yes / No 

6b. Zo ja, welke woorden? 
If so, which words? 
____________________________________________________________________
____________________________________________________________________ 

 
7. Wat vond u van de training en waarom? Was het bijvoorbeeld makkelijk of 
moeilijk, leuk of frustrerend, leerzaam of nutteloos? 
What do you think about the training and why? For instance, was it difficult or easy, 
fun or frustrating, valuable or useless? 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 
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8. Heeft u nog andere opmerkingen? 
Do you have any other comments? 

____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
__________________________________________________________________ 

 
 

Bedankt voor uw medewerking! 
Thank you for your cooperation! 
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Appendix 4 Screenshots main experiment 

1. Screenshot of a trial in the sentence–picture matching task. 
 
 

 

 
 
 

Auditive stimulus: “En el círculo aparece la fuente roja, dice José.” 
(response: left picture) 
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2. Screenshots of trials in the match/mismatch task with attributive adjectives 
(left) and predicative adjectives (right) during the visualisation of 
appearing and changing colour. 
 

 
 
 

Auditive stimulus (attributive): “En el cuadro aparece el reloj rojo, cree Javier.” 
 

 
 
 

Auditive stimulus (predicative): “El reloj en el cuadro se vuelve rojo, dice José.”
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Appendix 5 Explicit rule instruction in main experiment 

[Original version in Dutch only] 

NOTE: Horizontal lines indicate page breaks. 
 
Zinnen - Spreken 
 
U heeft nu geoefend met het luisteren en inspreken van zinnen. Een aantal kleuren is 
hierbij echter nog niet aan bod gekomen. Dat zal in de volgende taken gebeuren. 
 
Hierbij moet u rekening houden met het volgende. 
 
 
De regel 
 
Sommige objecten worden altijd voorafgegaan door 'el'. Dit zijn mannelijke 
woorden. Sommige kleuren die hierbij staan krijgen dan een -o als laatste klank. 
 
Andere objecten worden altijd voorafgegaan door 'la'. Dit zijn vrouwelijke woorden. 
Sommige kleuren die hierbij staan krijgen dan een -a als laatste klank. 
 
Kort gezegd: 
na 'el' komt -o             na 'la' komt -a 
 
Het bovenstaande geldt alleen voor kleuren die u tot nu toe geleerd heeft met een -o 
als laatste klank. Voor alle andere kleuren geldt het NIET. 
 
 
De regel 
 
Heeft u de regel goed onthouden? 
 
Type de juiste letter in: 
 
Na 'el' komt ... 
 
Na 'la' komt ... 
 
Dit geldt alleen voor kleuren die u geleerd heeft met als laatste klank een ... 
 
 
(Bent u de antwoorden vergeten? Type <?>) 
 
[NB: De gehele tekst wordt in één keer gepresenteerd, maar de tweede en derde 
regel van de regelomschrijving zijn aanvankelijk grijs en kleuren zwart als het 



130 APPEND ICES  

 

voorgaande antwoord gegeven is. Bij een juist antwoord wordt het antwoord 
ingevuld en verschijnt CORRECT voor de regel, in groene letters. Bij een onjuist 
antwoord gebeurt er niets. Na <?> verschijnen de correcte antwoorden en gaat het 
programma weer terug naar de vraag. Dit alles geldt ook voor de volgende pagina.] 
 
 
De regel 
 
Heeft u de regel goed onthouden? 
 
Type het juiste woord in: 
 
Na ....... komt o. 
 
Na ....... komt a. 
 
Dit geldt alleen voor kleuren die u geleerd heeft met als laatste klank een o. 
 
 
[als een of meer antwoorden 
incorrect] 
De regel 
 
U heeft niet alle vragen in één keer 
goed beantwoord. 
 
De test begint opnieuw. 
 

[als alle antwoorden correct] 
De regel 
 
U heeft alle vragen in één keer goed 
beantwoord. 
 
U gaat verder met het tweede deel 
van deze sessie. 
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Sentences - Speaking 
 
You have practiced listening and speaking sentences. A number of colours has not 
been used yet. This will happen in the following tasks. 
 
You will have to keep the following into account. 
 
 
The rule 
 
Some objects are always preceded by ‘el’. These are masculine words. 
Some colours that go with these then get –o as their last sound. 
 
Other objects are always preceded by ‘la’. These are feminine words. 
Some colours that go with these then get –a as their last sound. 
 
In short: 
after ‘el’ comes -o         after ‘la’ comes -a 
 
The above only applies to colours that you have up to now learned with –o as their 
last sound. It does NOT apply to the other colours. 
 
 
The rule 
 
Have you remembered the rule correctly? 
 
Type in the correct letter: 
 
After ‘el’ comes … 
 
After ‘la ‘comes … 
 
This only applies to colours that you have learned with as their last sound … 
 
 
(Have you forgotten the answers? Type <?>) 
 
[Note: The complete text is displayed at once, but the second and third line of the 
rule description are initially grey and turn black when the preceding answer is given. 
After a correct answer, the answer is filled in and the word CORRECT appears in 
green letters before the line. After an incorrect answer nothing happens. After <?> 
the correct answers appear and the programme returns to the question. The above 
also applies to the following page.] 
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The rule 
 
Have you remembered the rule correctly? 
 
Type in the correct word:  
 
After …… comes o. 
 
After …… comes a. 
 
This only applies to colours that you have learned with as their last sound o. 
 
 

 
[if one or more answers correct] 
The rule 
 
You have not answered all questions 
correctly in one go. 
 
The test will start over. 
 
 

[if all answers correct] 
The rule 
 
You have answered all questions 
correctly in one go. 
 
You will procede with the second 
part of this session. 
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Appendix 6 Questionnaire of main experiment—explicit 
knowledge 

NOTE 1: In the guided question, each line appeared only after the preceding answer 
was given. 
NOTE 2: In the instructions concerning the tasks included in the experiment, nouns 
were always referred to as ‘objects’ and adjectives as ‘colours’. No reference had 
been made to the determiners or adjective endings before the rule explanation for the 
control group or the post-experimental questionnaire for the two experimental 
groups. 
NOTE 3: Horizontal lines indicate page breaks. 
 
 
Original version (in Dutch only) 
 
Dit experiment draaide om het aanleren van een regel van het Spaans. 
Heeft u een regel opgemerkt? 
 
_____________________________________________________________ 
 
[Als ‘ja’] 
Wat houdt deze regel in volgens u? Geef een zo volledig mogelijke omschrijving.    
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
Wanneer heeft u deze regel voor het eerst opgemerkt? (Bijvoorbeeld: begin sessie 2, 
halverwege sessie 3, ...)   
 
_____________________________________________________________ 
 
[Als ‘nee’] 
Zou u nu, achteraf, kunnen bedenken om welke regel het gaat? Geef een zo volledig 
mogelijke omschrijving.   
 
_____________________________________________________________ 
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Probeert u de juiste antwoorden te geven. Typ de juiste letter(s) in: 
(Typ ? als u het antwoord niet weet.) 
 
Na een object met 'el' eindigen sommige kleuren op de klank   
 
Na een object met 'la' eindigen sommige kleuren op de klank   
 
Dit geldt alleen voor kleuren die u aanvankelijk geleerd heeft met als laatste klank 
een   
Andere kleuren houden altijd dezelfde vorm. 
 
_____________________________________________________________ 
 
Dit was de regel 
 
Sommige objecten worden altijd voorafgegaan door 'el'. Dit zijn mannelijke 
woorden. Sommige kleuren die hierbij staan krijgen dan een -o als laatste klank. 
 
Andere objecten worden altijd voorafgegaan door 'la'. Dit zijn vrouwelijke woorden. 
Sommige kleuren die hierbij staan krijgen dan een -a als laatste klank. 
 
Kort gezegd: 
na 'el' komt -o             na 'la' komt -a 
 
Het bovenstaande geldt alleen voor kleuren die u aanvankelijk geleerd heeft met een 
-o als laatste klank. Voor alle andere kleuren geldt het NIET. 
 
_____________________________________________________________ 
 
[Rechtsonder in beeld gedurende de volgende vragen] 
Regel: 
Na 'el' komt –o 
na 'la' komt -a. 
Dit geldt niet voor alle kleuren. 
Is dit hetzelfde als wat u dacht? Wat is er anders?   
 
_____________________________________________________________ 
 
Kunt u zich herinneren dat dit voorkwam in de zinnen die u gehoord heeft? 
 
_____________________________________________________________ 
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[Als ‘ja’] 
Wanneer heeft u voor het eerst opgemerkt dat de woorden voor de kleuren 
verschillende vormen konden hebben? (Bijvoorbeeld: begin sessie 2, halverwege 
sessie 3, ...)   
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
Kende u de regel al voordat u aan het onderzoek begon? 
Antwoord ook 'ja' als u een soortgelijke regel uit een andere taal kent. 
 
_____________________________________________________________ 
 
[Als ‘nee’] 
Hoe kende u deze regel? (Bijvoorbeeld uit een andere taal? Welke taal?)   
 
_____________________________________________________________ 
 
Heeft u het gevoel dat u de regel van het Spaans nu beheerst? 
Helemaal niet - - - - - - - Perfect 
 0     1     2     3     4     5 
 
 
 
English translation 
 
This experiment was about learning a rule of Spanish. 
Did you notice a rule? 
 
____________________________________________________________________ 
 
[If ‘yes’] 
What do you think is the rule? Give as complete a description as possible.  
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
When did you first notice the rule? (For instance: start session 2, halfway through 
session 3, …)  
 
____________________________________________________________________ 
 
[If ‘no’] 
Could you, in retrospect, think of the rule that it might be about? Give as complete a 
description as possible.  
 
____________________________________________________________________ 
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Try to give the correct answers. Type the correct letter(s): 
(Type ? if you don’t know the answer.) 
 
 
After an object with ‘el’ some colours end in the sound  
 
After an object with ‘la’ some colours end in the sound  
 
This is only the case with colours that you initially learned with the last sound  
Other colours always keep the same form. 
 
____________________________________________________________________ 
 
This was the rule 
 
Some object are always preceded by ‘el’. These are masculine words. 
Some colours that go with them then get –o for their last sound. 
 
Other objects are always preceded by ‘la’. These are feminine words. 
Some colours that go with them then get –a for their last sound. 
 
In short: 
after ‘el’ comes –o after ‘la’ comes -a 
 
The above only applies to colours that you initially learned with –o for their last 
sound. To all the other colours this does NOT apply. 
 
____________________________________________________________________ 
  
[Bottom right on screen during following questions] 
Rule: 
After ‘el’ comes –o 
After ‘la’ comes –a. 
This does not apply to all colours. 
 
Is this the same as what you thought? What is different?  
 
____________________________________________________________________ 
 
Can you remember that this occurred in the sentences that you have heard? 
 
____________________________________________________________________ 
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[If ‘yes’] 
When have you first heard that the words for the colours have different forms? (For 
instance, start session 2, halfway session 3, …) 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
Did you know the rule before you started the experiment? 
Answer ‘yes’ also if you know the rule from another language. 
 
____________________________________________________________________ 
 
[If ‘no’] 
How did you know the rule? (For instance, from another language? What language?)  
 
____________________________________________________________________ 
 
Do you now feel that you have command over the rule of Spanish? 
Not al all - - - - - - - Perfect 
 0     1     2     3     4     5 
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Appendix 7 Main experiment—ANOVA table self-paced 
listening tests 

Source SS df MS F p ηp
2 

Adjective position (A) .794 1 .794 118.072 .000 .694 
A * Group (E) .006 2 .003 .453 .638 .017 
Error(Adjective position) .350 52 .007  
Phrase (B) .564 3 .188 31.665 .000 .378 
B * E .095 6 .016 2.659 .017 .093 
Error(Phrase) .926 156 .006  
Time/Adjective type (C) 5.102 2 2.551 108.722 .000 .676 
C * E .450 4 .112 4.791 .001 .156 
Error(Time/Adjective type) 2.440 104 .023  
Gender (D) .007 1 .007 6.383 .015 .109 
D * E .002 2 .001 .986 .380 .037 
Error(Gender) .058 52 .001  
A * B .154 3 .051 13.851 .000 .210 
A * B * E .037 6 .006 1.657 .135 .060 
Error(A*B) .579 156 .004  
A * C .071 2 .036 6.036 .003 .104 
A * C * E .007 4 .002 .285 .887 .011 
Error(A*C) .613 104 .006  
A * D .007 1 .007 4.634 .036 .082 
A * D * E .001 2 .000 .174 .841 .007 
Error(A*D) .081 52 .002  
B * C .058 6 .010 4.859 .000 .085 
B * C * E .023 12 .002 .974 .474 .036 
Error(B*C) .622 312 .002  
B * D .024 3 .008 10.138 .000 .163 
B * D * E .014 6 .002 2.975 .009 .103 
Error(B*D) .124 156 .001  
C * D .006 2 .003 2.303 .105 .042 
C * D * E .004 4 .001 .815 .519 .030 
Error(C*D) .140 104 .001  
A * B * C .174 6 .029 21.084 .000 .288 
A * B * C * E .016 12 .001 .959 .488 .036 
Error(A*B*C) .429 312 .001  
A * B * D .002 3 .001 .640 .590 .012 
A * B * D * E .006 6 .001 1.263 .277 .046 
Error(A*B*D) .131 156 .001  
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Source SS df MS F p ηp
2 

A * C * D .003 2 .002 1.281 .282 .024 
A * C * D * E .004 4 .001 .757 .555 .028 
Error(A*C*D) .132 104 .001  
B * C * D .018 6 .003 3.879 .001 .069 
B * C * D * E .005 12 .000 .562 .872 .021 
Error(B*C*D) .239 312 .001  
A * B * C * D .005 6 .001 .882 .508 .017 
A * B * C * D * E .019 12 .002 1.784 .050 .064 
Error(A*B*C*D) .273 312 .001  
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Appendix 8 Graphical representations of nouns in neutral form 

   
el guante el peine el coche 

   
el cheque el diente el collar 

   
el jersey el reloj el farol 

 

  

el papel   
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la fuente la torre la nave 

   
la llave la nariz la nube 

   
la sartén la prisión la postal 

 

  

la pared   
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Samenvatting in het Nederlands 
(Summary in Dutch) 
Het is een bekend verschijnsel dat mensen die een tweede taal leren vaak meer 
kunnen verstaan en begrijpen dan ze zelf kunnen produceren. Hierdoor dringt zich 
de vraag op wat begrijpen en produceren met elkaar gemeen hebben en wat niet. Het 
antwoord op deze vraag houdt verband met de manier waarop deze twee 
vaardigheden geleerd kunnen worden. Een aantal onderzoekers veronderstelt dat 
grammaticale kennis kan worden geleerd door te lezen of luisteren. Daarna kunnen 
de leerders verder oefenen met het toepassen van die kennis door te schrijven of te 
spreken. Daarbij zullen ze merken dat ze bepaalde regels nog niet goed kennen en 
daar dus nog extra aandacht aan moeten besteden. 

In de twee computergestuurde experimenten die in dit proefschrift worden 
beschreven is het leerproces van een bepaalde grammaticale regel gevolgd tijdens 
een training. Het doel was om vast te stellen of grammaticale kennis inderdaad 
geleerd kan worden door alleen te luisteren. Vernieuwend aan dit project is dat de 
experimenten geheel mondeling plaatsvonden en dat er testtechnieken gebruikt 
werden die in psychologisch onderzoek wel veelvuldig toegepast worden, maar vrij 
ongebruikelijk zijn voor tweede-taalverwervingsonderzoek. 

Grammaticale kennis voor luisteren en spreken 

Grammaticale kennis kan onderverdeeld worden in impliciete en expliciete kennis. 
Impliciete kennis is onbewust. Dat houdt in dat een taalgebruiker bijvoorbeeld van 
een nieuw werkwoord op gevoel een verleden tijd kan maken. Van expliciete kennis 
is de taalgebruiker zich wel bewust: hij weet dat verleden tijden met ‘–de’ of ‘–te’ 
gemaakt worden (‘ik werk-te’, ‘ik voetbal-de’). Daardoor is deze kennis ook relatief 
makkelijk te gebruiken bij nieuwe werkwoorden (‘ik google-de’). Impliciete en 
expliciete kennis kunnen naast elkaar bestaan, want de taalgebruiker kan ook op 
gevoel de verleden tijd van ‘google-en’ maken. Misschien kan expliciete kennis het 
makkelijker maken om impliciete kennis te verwerven, of andersom. Daardoor is het 
vaak moeilijk om aan te tonen welke soort kennis in een bepaalde taak verworven is. 

Er zijn verschillende beschrijvingen van de manier waarop taalkennis is 
opgeslagen in het hoofd van de taalgebruiker. Volgens associatieve theorieën wordt 
kennis opgeslagen in de vorm van netwerken. Klanken, woorden, uitdrukkingen, 
maar ook abstracte categorieën zoals naamwoord of werkwoord hebben elk een 
eigen “knoop” in het netwerk. De knopen zijn met elkaar verbonden en vormen zo 
een netwerk. Zodra de taalgebruiker iets leest of hoort, worden de knopen 
geactiveerd. Die kunnen elkaar ook activeren als ze vaak samen voorkomen. Omdat 
‘huis’ vaak samen voorkomt met ‘het’ en ‘tuin’ met ‘de’, zal ‘huis’ ‘het’ kunnen 
activeren en ‘tuin’ ‘de’. Het is opvallend dat in deze netwerken geen regels 
voorkomen. Toch kunnen computermodellen die van deze netwerken worden 
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gemaakt zich gedragen alsof ze wel door regels gestuurd worden. Dus zonder dat er 
een regel is voor de verleden tijd, kan zo’n model toch de verleden tijd ‘google-de’ 
maken. 

Een andere beschrijving van de manier waarop kennis wordt opgeslagen, is de 
ACT-theorie van Anderson (o.a. Anderson, 1993, 1995; Anderson & Fincham, 
1994). In deze theorie komen wel regels voor, naast de kennis van klanken en 
woorden en dergelijke. Als er veel geoefend wordt, ontstaat er “procedurele” kennis. 
Dat is kennis die snel en makkelijk toegepast kan worden en alleen te gebruiken is in 
de taak waarmee geoefend is. DeKeyser (1997; DeKeyser & Sokalski, 1996) heeft 
bijvoorbeeld gevonden dat proefpersonen die een grammaticale regel geoefend 
hadden met een leestaak, die regel niet goed konden toepassen in een schrijftaak. 
Hoewel de associatieve theorieën en de ACT-opvattingen over kennis van elkaar 
verschillen, groeien ze steeds dichter naar elkaar toe. Beide gaan ervan uit dat kennis 
van voorbeelden een grote rol speelt tijdens het leren maar ook tijdens het later 
gebruiken van kennis. Ook veronderstellen ze dat er tijdens het leerproces een 
geleidelijke overgang is van kennis van voorbeelden naar (schijnbaar) op regels 
gebaseerde kennis. Tot slot kunnen volgens beide typen theorieën taken vaak 
uitgevoerd worden op basis van zowel kennis van voorbeelden als kennis van regels. 

Beide typen theorieën doen uitspraken over automatisering en automatische 
verwerking van kennis. Verwerking is automatisch als het snel en accuraat gebeurt 
en als een taak zonder problemen tegelijk kan worden uitgevoerd met nog andere 
taken. Verscheidene onderzoekers beschrijven impliciete kennis en automatische 
verwerking van kennis als twee gerelateerde, zo niet gelijke, noties (DeKeyser, 
2003; N. Ellis, 2002a; R. Ellis, te verschijnen; Hulstijn, 2002; Paradis, 1994; 
Schmidt, 1994a). Automatische verwerking wordt vaak als een van de 
eigenschappen van impliciete kennis beschouwd. 

Lezen/luisteren en schrijven/spreken lijken deels gebaseerd te zijn op dezelfde 
kennis en processen. Dit blijkt bijvoorbeeld uit het feit dat sprekers kort nadat ze een 
bepaalde structuur hebben gehoord of gezegd, diezelfde structuur vaker gebruiken 
dan een andere structuur die ook correct en toepasselijk is. Bijvoorbeeld na een zin 
als ‘De moeder leest het verhaal voor aan haar zoon’ zal een volgend plaatje eerder 
beschreven worden met eenzelfde soort structuur, zoals ‘De jongen geeft de bal aan 
het meisje’. De zin ‘De jongen geeft het meisje een bal’ zou ook correct zijn, maar 
heeft een andere structuur en zal daardoor minder vaak gebruikt worden. 

Het is belangrijk op te merken dat de grammaticale kennis die nodig is voor 
lezen en luisteren enerzijds en schrijven en spreken anderzijds waarschijnlijk niet 
helemaal hetzelfde is. Toch worden er niet vaak uitspraken gedaan over de relatie 
tussen lezen/luisteren en schrijven/spreken, ook niet wat betreft tweedetaal-
verwerving. Wel wordt beweerd dat lezen en luisteren de basis vormen voor het 
verwerven van kennis, waarna schrijven en spreken zullen volgen. Wanneer te vroeg 
wordt begonnen met schrijven en spreken, zullen er fouten gemaakt worden. De 
verkeerde of onvolledige kennis die daarvoor is aangesproken zal zo verder worden 
versterkt. 
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Het bovenstaande heeft geleid tot de volgende onderzoeksvragen: 
1. Kan een training die gericht is op het leren door receptief verwerken 

(luisteren) van vele voorkomens van een doelstructuur fouten voorkomen in 
productie (spreken)? 

2. Leidt een vroege start van productie (spreken) van de doelstructuur tot 
aanhoudende grammaticale fouten in productie? 

 
De proefpersonen, die moedertaalsprekers van het Nederlands waren, leerden een 
semi-kunstmatige doeltaal, gebaseerd op het Spaans. De grammaticale regel die 
geleerd moest worden was congruentie in geslacht tussen het zelfstandig naamwoord 
(naamwoord) en het bijvoeglijk naamwoord (adjectief). Anders gezegd, bij 
mannelijke naamwoorden moet het bijbehorende adjectief een mannelijke uitgang 
krijgen (‘el coche roj-o’, de rode auto) en bij vrouwelijke naamwoorden een 
vrouwelijke uitgang (‘la fuente roj-a’, de rode fontein). De adjectieven stonden soms 
direct naast het naamwoord (attributieve positie) en soms verderop in de zin 
(predicatieve positie). 

De semi-kunstmatige doeltaal in dit onderzoek wijkt op enkele belangrijke 
punten af van het Spaans. Terwijl in het Spaans niet alle adjectieven een uitgang 
hebben, hadden alle adjectieven in het proefexperiment dat wel, namelijk –o voor 
mannelijk en –a voor vrouwelijk (bijvoorbeeld ‘rojo / roja’, rood). In het 
hoofdexperiment had slechts de helft van de adjectieven deze uitgangen. De andere 
hadden altijd dezelfde vorm (invariabele adjectieven, bijvoorbeeld ‘azul’, blauw). 
Omdat geen van de naamwoorden een uitgang –o of –a had, was het niet mogelijk 
om de grammaticale regel correct toe te passen door voor het naamwoord en het 
adjectief dezelfde uitgang te gebruiken. Dat zou bijvoorbeeld kunnen bij ‘el barco 
rojo’, het rode schip en ‘la farola roja’, de rode lantaarn. In de experimenten kwam 
dit niet voor. Daar werd bijvoorbeeld gebruikt ‘la nave roja’, het rode schip en ‘el 
farol rojo’, de rode lantaarn. 

Over het algemeen wordt aangenomen dat volwassen moedertaalsprekers het 
geslacht van naamwoorden hebben opgeslagen in hun mentale lexicon 
(woordenschat). De grammaticale regel voor congruentie wordt steeds opnieuw 
toegepast tijdens het spreken. Er worden dus meestal geen kant-en-klare 
voorbeelden gebruikt. In het model voor taalproductie van Levelt en anderen (o.a. 
Jescheniak en Levelt, 1994; Levelt, 1989) is elk naamwoord verbonden met een 
knoop voor “mannelijk” of “vrouwelijk”. Als de taalgebruiker wil spreken, zal het 
lemma (te vergelijken met een ingang in het woordenboek) het geslacht activeren. 
De activatie zou niet van het geslacht naar het lemma kunnen stromen. Wat betreft 
lezen en luisteren (in tegenstelling tot schrijven en spreken) stellen Friederici en 
Jacobson (1999) dat een lemma het geslacht kan activeren, maar dat het geslacht niet 
het lemma kan activeren. Met andere woorden, de verbinding tussen het lemma en 
het geslacht kan maar in één richting gebruikt worden. Dit is precies wat Levelt en 
anderen voor productie beweren. 

Verschillende onderzoekers (Carroll, 1989; Franceschina, 2001, 2002; 
Sabourin, 2003) beargumenteren dat leerders met een moedertaal waarin geslacht 
voorkomt (zoals mannelijk en vrouwelijk), geslachtcongruentie in een tweede taal 
beter kunnen leren dan personen van wie de moedertaal geen grammaticaal geslacht 
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kent. In deze dissertatie wordt uitgegaan van de verwerking van congruentie op de 
manier zoals beschreven door Levelt en anderen en door Friederici en Jacobson. Het 
wordt aangenomen dat de verwerving van het geslacht van naamwoorden 
plaatsvindt doordat de verbindingen tussen lemmaknopen en geslachtsknopen 
geleidelijk sterker wordt. Congruentie wordt geleerd als ook de verbindingen tussen 
de geslachtsknoop en de congruentiedoelen (bijvoorbeeld lidwoorden en uitgangen 
van het adjectief) sterker worden. Expliciete kennis van de regel of van voorbeelden 
kan helpen om fouten tijdens het spreken te ontdekken en te verbeteren. 

Twee experimenten: grammatica leren door te luisteren 

Er zijn twee experimenten uitgevoerd, allebei in een computergestuurde omgeving 
en met een (semi-)kunstmatige doeltaal. Hierdoor kon onder controle gehouden 
worden hoeveel keer de proefpersonen de regel hoorden of uitspraken tijdens de 
training. Doordat alle taken mondeling waren, hadden de proefpersonen niet de 
mogelijkheid om lang na te denken over de grammaticale regel. Op die manier werd 
gestimuleerd dat ze impliciete kennis gebruikten. 

In het proefexperiment werd de onderzoeksvraag gesteld of een training die 
gericht is op het leren van een doelstructuur door er vele malen naar te luisteren 
fouten kan voorkomen tijdens het spreken. Ook werd de vraag gesteld hoeveel 
training hiervoor voldoende zou zijn. De hypothese was dat na een bepaalde 
hoeveelheid luistertraining de accuraatheid tijdens het spreken hoog zou zijn. 

De proefpersonen waren ingedeeld in drie groepen die dezelfde training kregen, 
maar van verschillende lengte: één, twee of drie blokken. Alle taken werden 
mondeling uitgevoerd. De eerste sessie bestond uit een woordenschattraining. In de 
tweede sessie werd eerst de regel uitgelegd, daarna deden de proefpersonen drie 
typen luistertaken. Bij het eerste type hoefde geen antwoord gegeven te worden. Bij 
het tweede type werd aangegeven welke uitgang in de zin voorkwam en bij het 
derde type werd aangegeven of de betekenis van de zin overeenkwam met een 
plaatje. Alle aangeboden zinnen waren grammaticaal correct. Na deze training 
volgde een productieve woordenschattraining en -test. Vervolgens beschreven de 
proefpersonen plaatjes waarbij ze de grammaticale regel moesten gebruiken. Tot slot 
vulden ze een vragenlijst in waarin onder meer de expliciete kennis van de 
doelstructuur getest werd. 

De data van de derde luistertaak lieten zien dat de snelheid van groep III, de 
groep met drie blokken training, niet toenam. Ook verschilden de reactietijden van 
de drie groepen niet op hun laatste blok. De productietest toonde aan dat er veel 
correcte uitgangen werden gebruikt, tussen 75% en 96%. Het bleek echter dat de 
correctheid van groep III, met de langste training, lager was dan die van de twee 
andere groepen. Wanneer ook verbeteringen werden goedgerekend, verdween dit 
verschil. Hierdoor lijkt het dat langere training niet heeft geleid tot hogere 
correctheid. Misschien kwam dit door vermoeidheid of concentratieverlies bij groep 
III, waarvoor de sessie vrij lang duurde. 

Waarschijnlijk is er expliciete kennis gebruikt in de productietaken, waardoor 
het niet duidelijk is of er ook impliciete kennis werd gebruikt. De geanalyseerde 
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training-/testtaak was wellicht niet geschikt voor het meten van de verwerkings-
snelheid van congruentie in geslacht, omdat de reactie al voor het horen van de 
uitgang kon worden gegeven. In het hoofdexperiment zijn daarom een aantal 
aanpassingen gedaan aan de training en de tests. 

In het hoofdexperiment werden de twee eerder genoemde onderzoeksvragen 
gesteld. De eerste hypothese was dat de luistertraining tot hoge verwerkingssnelheid 
in luistertaken zou leiden en tot hoge snelheid en correctheid in spreektaken. De 
tweede hypothese was dat de vroege start van spreken zou leiden tot langzame 
verwerking in luistertaken en tot lage snelheid en correctheid in spreektaken. 

De methode was grotendeels overgenomen van het proefexperiment. De regel 
werd nu niet uitgelegd en de aandacht werd niet op de vorm van de adjectieven 
gericht. De zinnen werden langer gemaakt om de verwerkingslast te verhogen. De 
luistertest werd gevoeliger gemaakt voor de verwerking van de doelstructuur en er 
werden nieuwe taken toegevoegd: de self-paced luistertaak, de 
grammaticaliteitsoordelentaak en de duale-taaktechniek bij de spreektest na afloop 
van de training. 

In de self-paced luistertaak waren de zinnen in stukjes verdeeld en drukten de 
proefpersonen steeds op een knop om het volgende stukje te horen. Ze moesten dit 
zo snel mogelijk doen, terwijl ze de zin nog konden begrijpen. In eerdere 
onderzoeken is gevonden dat de tijdsduur die proefpersonen nodig hebben om naar 
een woord of zinsdeel te luisteren toeneemt zodra het moeilijk wordt, bijvoorbeeld 
doordat een woord dubbelzinnig is of doordat niet duidelijk is hoe de zin 
grammaticaal in elkaar zit. In de zogenoemde match/mismatch taak luisterden de 
proefpersonen naar een zin en keken ze naar een plaatje. Zodra ze wisten of de zin 
overeenkwam met het plaatje drukken ze op een knop. In een groot aantal zinnen 
konden de proefpersonen reageren net nadat ze de uitgang van het adjectief hadden 
gehoord. Als ze moeite zouden hebben met de grammaticale regel zouden ze 
waarschijnlijk langzamer reageren. De resultaten van deze taak bleken grotendeels 
overeen te komen met die van de self-paced luistertaak. Daardoor kan worden 
aangenomen dat de twee taken ongeveer hetzelfde hebben gemeten. Tot slot werd 
een taak afgenomen waarin de proefpersonen zo snel mogelijk beoordeelden of een 
zin grammaticaal correct was (de grammaticaliteitsoordelentaak). 

Om te meten hoe goed de proefpersonen de regel konden toepassen tijdens het 
spreken werd ze gevraagd plaatjes te beschrijven. In de zinnen die daarvoor nodig 
waren, moesten ze de regel toepassen. Om ervoor te zorgen dat ze niet teveel konden 
nadenken over de regel, werden ze afgeleid met behulp van de zogeheten duale-taak 
techniek. Dat houdt in dat er twee taken tegelijk moeten worden uitgevoerd. In dit 
geval moesten de proefpersonen tijdens het spreken elke 0,6 seconde een toets 
aanslaan. Er werd gemeten in hoeverre de proefpersonen in de buurt van de 0,6 
seconde tussentijd bleven en hoe consistent ze waren. Ook werd uitgerekend hoe 
vaak ze de grammaticale regel goed hadden toegepast tijdens het spreken. De 
spreektaak en de toetsaanslagtaak werden ook apart gedaan. Er werd gekeken in 
hoeverre de prestaties op de spreektaak en de toetsaanslagtaak slechter werden als ze 
tegelijk werden uitgevoerd. Zo kon iets gezegd worden over hoe makkelijk de 
proefpersonen de grammaticale regel konden toepassen. 
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Twee groepen kregen een training van de doelstructuur: een luistertraining 
(groep R) of een luister- en spreektraining (groep R&P). Een derde groep diende als 
controlegroep (groep C) en kreeg een training waarin de te leren regel niet 
voorkwam. Alle taken werden mondeling uitgevoerd. Er waren vier sessies. De 
eerste sessie was een woordenschattraining en de tweede sessie was een training 
voor de zinnen, nog zonder de regel (dus met invariabele adjectieven, zoals ‘azul’). 
Beide sessies waren gelijk voor de drie groepen. De derde sessie bestond voor groep 
R en R&P uit de training van de doelstructuur (‘el coche rojo’ – ‘la nave roja’). 
Groep C deed dezelfde taken als groep R&P maar alleen met invariabele 
adjectieven. De vierde sessie bestond uit twee delen. Met het eerste deel werd de 
training voortgezet, waarna groep C uitleg kreeg over de doelstructuur. Het tweede 
deel van deze sessie bestond uit tests en was identiek voor de drie groepen. 

Zowel de self-paced luistertaak als de match/mismatch-taak bevestigden dat de 
snelheid van receptief verwerken toenam tijdens de training. De match/mismatch-
taak bevestigde ook dat de toename iets minder was voor groep R&P dan voor groep 
R. De grammaticaliteitsoordelentest liet zien dat alle drie groepen een correctheid 
boven kansniveau (50%) haalden. 

De productietests lieten zien dat de prestatie van groep R&P tijdens de training 
toenam. Groep R en R&P lieten zien dat ze enige kennis hadden opgebouwd die ze 
konden gebruiken in de productietests. Anders dan verwacht produceerde groep R 
minder correcte vormen dan groep R&P en C, althans wat betreft de vrouwelijke 
adjectieven. De correctheid tijdens het spreken werd niet lager toen die tegelijk met 
de toetsaanslagtaak werd uitgevoerd. Andersom werden prestaties op de 
toetsaanslagtaak wel beïnvloed door het spreken: de consistentie van het aanslaan 
werd minder door het spreken, vooral als er adjectieven met ‘–o’ of ‘–a’ gebruikt 
moesten worden. Dit bleek iets meer het geval te zijn bij groep C dan bij groep R en 
R&P. Het lijkt dus dat groep C meer gebruik heeft gemaakt van expliciete kennis 
dan groep R en R&P. 

De antwoorden op de vragenlijst toonden aan dat ruim de helft van de 
proefpersonen een (gedeeltelijk) correcte beschrijving van de regel kon geven, maar 
relatief weinig proefpersonen in groep R. Slechts één proefpersoon gaf aan de 
doelstructuur helemaal niet opgemerkt te hebben. De proefpersonen hadden dus 
enige expliciete kennis van de regel. Groep C had alleen maar expliciete kennis 
omdat ze geen training van de regel hadden gehad. De twee getrainde groepen 
hadden snelle reactietijden in de receptieve tests, wat aangeeft dat ze ofwel 
expliciete kennis snel verwerkten ofwel impliciete kennis gebruikten. 

In zowel het proefexperiment als het hoofdexperiment bleek dat kennis van de 
regel generaliseerbaar was naar nieuwe items, dat congruentie in predicatieve positie 
iets minder vaak goed gedaan werd dan in attributieve positie en dat er minder 
correcte vrouwelijke vormen van adjectieven werden geproduceerd dan mannelijke. 
Tot slot konden alle groepen hun kennis onder woorden brengen, maar in de 
receptieve groep van het hoofdexperiment konden iets minder proefpersonen dit dan 
in de andere twee groepen. 

Samenvattend kan gezegd worden dat een training die gericht is op het leren 
door vaak te luisteren naar zinnen met een bepaalde regel het aantal fouten tijdens 
het spreken niet aanzienlijk heeft verminderd. Bovendien leidde een vroege start van 
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productie van de regel niet tot aanhoudende grammaticale fouten in productie, noch 
tot lage snelheid in luisteren of spreken. 

Grammaticale kennis voor luisteren en spreken 

In het hoofdexperiment bleek dat er een effect van trainingsrichting was: de twee 
trainingsgroepen waren sneller dan de controlegroep in de receptieve tests, maar 
scoorden lager in de productieve tests. Dit komt waarschijnlijk doordat 
grammaticale kennis op een andere manier wordt gebruikt tijdens het luisteren dan 
tijdens het spreken. Tijdens het luisteren wordt gecontroleerd of het geslacht van het 
lidwoord, het naamwoord en het adjectief hetzelfde zijn. Daarentegen moet tijdens 
het spreken eerst het naamwoord worden gekozen en op basis daarvan moeten het 
lidwoord en de uitgang van het adjectief worden gekozen. Ook de manier waarop 
grammaticale kennis opgeslagen moet zijn, is voor luisteren en spreken 
waarschijnlijk niet helemaal hetzelfde. Andere factoren die de verschillen in het 
verwerken tijdens luisteren en spreken zouden kunnen verklaren zijn het 
werkgeheugen en de keuze tussen semantische strategieën (op basis van betekenis) 
en syntactische strategieën (op basis van grammatica). 

Er zou verder onderzoek gedaan kunnen worden met leerders die minder 
geneigd zijn om expliciete kennis te gebruiken of met leerders die meer kennis van 
de doeltaal hebben. Ook zou kunnen worden onderzocht wat het effect is van 
taalgerelateerde factoren zoals natuurlijk geslacht en het aantal uitzonderingen. Ook 
zou gekeken kunnen worden hoe bepaalde aspecten van training kunnen 
beïnvloeden welke categorieën er gevormd worden en welke verbindingen 
daartussen gelegd worden. Tot slot zou verder onderzoek zich meer moeten richten 
op de asymmetrie—en symmetrie—tussen begrijpen en verstaan enerzijds en 
produceren anderzijds, met name in tweede-taalverwerving. Dit onderzoek heeft 
aangetoond dat er belangrijke verschillen kunnen zijn tussen de verwerking van 
grammaticale kennis die nodig is voor luisteren enerzijds en voor spreken 
anderzijds.
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