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CHAPTER 1

General Introduction 

Learning English as a foreign language (EFL) is vital for succeeding in a globalized 
world in which English is the lingua franca. An estimated 700-800 million people in 
the world speak English as a foreign language, compared to ‘just’ 400 million people 
who speak English as a first language (L1) (Crystal, 2006). So far, most research on the 
acquisition of English learning has been carried out in first language English learners. 
Considering the vast number of people learning EFL, it is important to also gain insight 
in the process of how EFL is acquired and how EFL learning can be fostered.

Vocabulary is one of the most basic building blocks in (foreign) language acquisition, 
crucial for any kind of meaningful understanding and expression. Vocabulary is 
arguably the most important component, because: “Without grammar very little can 
be conveyed, without vocabulary nothing can be conveyed” (Wilkins, 1972, p. 111). 
Indeed, vocabulary acquisition is also deemed highly important by foreign language 
learners, because they appreciate its crucial role in communication and understand 
that communication suffers less from errors in grammar than errors in vocabulary 
(Barcroft, 2004). It is estimated that knowledge of the meaning of around 2000 to 
5000 word families is needed to understand most written text and spoken discourse 
(Hirsh & Nation, 1992; Nation, 2001). 

Vocabulary acquisition usually refers to learning the meaning of words, or in the 
case of foreign language learning, learning their translation. Vocabulary learning 
typically involves tasks in which either the pronunciation of the word is given and 
the corresponding picture needs to be pointed out, or a picture is presented and the 
pronunciation needs to be provided. For both these vocabulary tasks, connections 
have to be made between a word’s meaning and its pronunciation. However, 
when it comes to reading, the spelling of a word also has to be acquired. Thus, in 
a broader view, learning a word encompasses the acquisition of a word’s meaning 
(or translation), pronunciation, and spelling. Knowing a word well is not only key for 
understanding and communicating in (E)FL, but also for reading and spelling (Perfetti 
& Stafura, 2014). The studies in the current dissertation will start from this broader 
view on word learning.

Much of English as a foreign language is learnt in school. In Europe, 79.4% of 
students start to learn EFL in primary school, and almost all students study English 
in secondary education (Baïdak, Balcon, & Motiejunaite, 2017). In the Netherlands, 
English education is obligatory from Grade 5, but the more formal and intensive 
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English education starts in Grade 7, the first year of high school. However, at the start 
of Grade 7, there are large differences in students’ EFL vocabulary knowledge (Thijs, 
Trimbos, Tuin, Bodde, & De Graaff, 2011). These differences are due to school- and 
student-related factors (Thijs et al., 2011). Out-of-school exposure to English is one 
such student-related factor (De Wilde, Brysbaert, & Eyckmans, 2020; Peters, 2018). 
Even though in the Netherlands this out-of-school exposure is generally among the 
highest in Europe (Enever, 2011), there are large individual differences in the amount 
students are exposed to.

These differences at the onset of formal EFL education pose a challenge in the prediction 
of student’s EFL development. A possible method for more accurately predicting 
language learning, is to assess language aptitude. Language aptitude is a measure 
of learning rate independent from prior exposure, for example by determining how 
fast a student can learn a new word (Li, 2016). In a first language, the rate at which 
a student can learn new words is a predictor for vocabulary acquisition (Gellert & 
Elbro, 2013), but it is unknown if this is also predictive in EFL. The first research aim 
of this dissertation is therefore to investigate the contribution of language aptitude 
measures in the prediction of the development of EFL word knowledge.

Evidently, students need to learn the meaning, pronunciation and spelling of a word. 
But it is still unclear whether the availability of one element of word knowledge might 
affect the acquisition of another. For example, in L1 the availability of a word’s spelling 
during word learning has been found to facilitate learning the meaning of a word 
(Ricketts, Bishop, & Nation, 2009; Rosenthal & Ehri, 2008). Such facilitation effects 
have not been examined in EFL learners. Therefore, the second research aim is to 
study whether learning one element of a word contributes to learning the other 
word elements. Specifically, we investigate whether spelling benefits the acquisition 
of vocabulary knowledge (meaning and pronunciation) and whether vocabulary 
knowledge benefits learning to read words.

Given the large individual differences in EFL proficiency at the start of secondary 
education, there is a clear need to foster English word learning on an individual 
basis (De Wilde et al., 2020). Computer-based learning programs are well suited to 
individually practice with word learning exercises and they can take into account 
individual differences in performance levels. However, computer-assisted language 
learning studies often focus on either just vocabulary or just reading. According to our 
approach to word knowledge, however, both vocabulary and reading are important. 
The third and final research aim is therefore to examine the effectiveness of an 
intervention designed to foster word knowledge through a computer-based program 
that incorporates learning the meaning, pronunciation and spelling of words.
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To set the stage for the specific studies in this dissertation, we first present an 
overview of vocabulary acquisition in L1, followed by how this differs from vocabulary 
acquisition in a foreign language. Subsequently we will discuss the different research 
aims in more detail.

Word Learning

Word knowledge is taken to include knowledge of a word’s meaning, pronunciation and 
spelling. According to the lexical quality hypothesis, a word in memory is represented 
as these three elements, or representations (Perfetti & Hart, 2002). Together, these 
form a unified representation of a word, that is, its lexical representation. When 
these semantic (meaning), phonological (pronunciation), and orthographic (spelling) 
representations are fully specified, as well as interconnected, the lexical representation 
of a word is considered to be of high quality. Encountering a word in one form then 
automatically activates the other forms (see Figure 1, left-hand panel). A fully specified 
semantic representation includes all important information of a word’s meaning, a 
phonological representation includes detailed information of its sound structure, and 
an orthographic representation includes the letters (graphemes) and their order of 
the written form. At least as important as having fully specified representations, is that 
those representations are tightly connected to each other so that one representation 
automatically activates the other. For example, a connection between the phonology 
and semantics of a word ensures that hearing a word automatically activates its 
meaning. Similarly, the connection between orthography and phonology enables that 
if a word is seen, it can be read aloud, or that if a word is heard, it can be spelled.

Figure 1. Word Representation in a First Language (L1) (left-hand panel) and in a 
 Foreign Language (L2) (right-hand panel).

L1 Semantic 
Representation

L1 Phonological 
Representation

L1 Orthographic 
Representation

L1 Semantic 
Representation

L2 Phonological 
Representation

L2 Orthographic 
Representation
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In L1, word learning starts with the processing of spoken language. Children hear 
spoken words and learn how they are pronounced and what these words refer to. 
So, the first words are acquired by learning a word’s pronunciation (phonological 
representation), its meaning (semantic representation), and making connections 
between these representations. This leads to word representations with semantic 
and phonological representations (Gupta & Tisdale, 2009). This process of learning 
the pronunciation and meaning of words occurs naturally and automatically, and 
most words are learnt in daily life, from context rather than direct instruction.

Around the ages of 6-7, children start literacy acquisition at school. Through this 
reading and writing instruction, they also learn the written form of a word, its 
orthographic representation. Reading instruction starts with learning the basic letter-
to-sound rules. By applying these rules, students learn to convert a written word to 
its corresponding pronunciation (Share, 2008). There are different ways in which 
letters (graphemes) map onto sounds of a word (phonemes), and many of the rules 
also contain irregularities. The entire set of rules is referred to as the grapheme-
phoneme correspondence (GPC) rules. Not all of these rules are explicitly taught in 
reading instruction. Through repeated encounters, however, students do learn, to 
some extent, the different GPC rules. For example, by repeatedly decoding words 
such as owl, cow, and down, students can learn that ow is sometimes pronounced as 
ou (as in house). By learning how to read and write, orthographic representations are 
stored and integrated into to the existing lexical representation and connected with 
the phonological and semantic representations in memory.

The process of EFL word learning differs from that in L1, because words are 
represented differently in memory and because the process of learning the meaning 
of words differs. Especially in beginner foreign language learners, a foreign language 
word does not have its own semantic representation. Instead, foreign language 
learners connect the foreign form of the word to its L1 translation (Jiang, 2000). The 
word representations of EFL learners are presented in the right-hand panel of Figure 
1. This type of word representations for beginning EFL learners is referred to as the 
parasitic model of vocabulary acquisition (Hall, 2002).

When learning a foreign word, the association between the L1 word and its translation is 
often arbitrary, and students simply need to learn this connection, as in that the English 
word bird is translated to the Dutch word vogel, for instance. However, in some instances, 
the connection is less arbitrary. In cases of cognates, for example, words share the same 
spoken or written form in two different languages, such as the Dutch word appel and 
the English word apple. Cognates facilitate translation learning (Hall, 2002), as learning 
that apple means appel is relatively easy. For most words, learning the translation needs 
to take place on a word-by-word basis. Despite students already being familiar with the 
meaning of the words themselves, they have to learn the corresponding translation.
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An additional difference between L1 and EFL learning is that students learning a 
foreign language are often older than L1 learners, as foreign languages are often 
taught in (high) school after literacy instruction has already commenced. Considering 
that EFL students can already read and write in their L1, and that EFL translations 
needs to be learnt on a word-by-word basis, a convenient way to learn EFL translations 
is by using word lists. Indeed, EFL word learning often consists of rehearsing a list of 
English words with their translations (Hulstijn, 2001), or using apps to practice word 
lists (Nakata, 2011).

As a consequence, there is a difference in the type of input between foreign word 
learning and L1 vocabulary learning. In foreign language learning, students will often 
encounter new words in print first (for example in a word list), which might make 
orthographic learning especially prominent in foreign language learning (Bassetti, 
2008). This form of vocabulary practice contrasts with L1, in which the pronunciation 
of the word is most prominent and orthography of words is often learnt last in 
development and learning from a list of words is less common.

Prediction of EFL Development

It is important to properly chart the development of EFL. Therefore, the first goal of this 
dissertation is to look into the possibility of predicting EFL word learning outcomes. 
The large individual differences in EFL proficiency, often due to out-of-school exposure 
(De Wilde et al., 2020; Thijs et al., 2011), pose a challenge for EFL teachers that have 
to accommodate the different students and decide which ones need extra help and 
which ones do not. Therefore, it is important to be able to distinguish between the 
students that struggle with EFL learning and those that have only had less exposure 
to English when EFL instruction commences.

One way of identifying potential struggling learners is through the use of language 
aptitude tests (Li, 2016). These tests are measures for students’ language learning ability, 
presumed to be independent from prior knowledge or exposure. Therefore, these 
measures might be better predictors of how much students learn in Grade 7 than their 
current EFL proficiency. As vocabulary is an essential building block of EFL proficiency, it 
is of interest to investigate word learning ability in specific. However, measures of word 
learning have rarely been studied in EFL yet. In school, students often have to study word 
lists as part of the curriculum. Therefore, it is worthwhile to investigate whether word 
learning ability as measured in a word learning task is predictive of progress in vocabulary 
acquisition. Furthermore, since words are often encountered in written form first in EFL 
word learning (Bassetti, 2008), the role of orthographic learning in relation to vocabulary 
growth is also relevant. Thus, our first research aim is to investigate the extent to which 
individual differences in word learning aptitude predict EFL development.
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Facilitation Effects in Word Learning

The lexical quality hypothesis is a useful framework for understanding word 
knowledge, and it underlines the importance of paying attention to all three elements 
of a word. However, the lexical quality hypothesis is not specific about the exact 
mechanisms that underlie the acquisition the word elements, as the hypothesis mostly 
offers a description of how well a word is represented in memory, that is its lexical 
quality. Regarding how the different elements are learnt, L1 studies have shown that 
learning one element can facilitate learning the other elements of a word (Ricketts et 
al., 2009; Rosenthal & Ehri, 2008). It is not yet clear whether this also extends to EFL 
word learning. Such knowledge leads to increased understanding of how to foster 
word learning in EFL and to design (more) effective word learning exercises. In this 
dissertation, we will focus on two ways in which learning one element can facilitate 
learning the other elements as well. First, we discuss the effect of the availability of 
orthography on the acquisition of vocabulary knowledge, that is the meaning and 
pronunciation of a word. Second, we investigate the role of vocabulary knowledge in 
the acquisition of word reading.

Availability of orthography and vocabulary acquisition. In L1 learning, the 
orthography of a word is often learnt last. According to the lexical quality hypothesis, 
learning this final element to the word representation should increase the overall 
lexical quality of a word. Indeed, word learning studies have shown that seeing the 
spelling of a word leads to superior word learning (Ricketts et al., 2009; Rosenthal & 
Ehri, 2008). However, on the basis of these studies it cannot be disentangled whether 
the availability of orthography affected acquisition of a word’s meaning, pronunciation 
or perhaps both. This is due to the fact that the facilitative effect of orthography was 
mostly found on measures of oral vocabulary, which depends on both knowledge 
of a word’s meaning and pronunciation. More recently, research has suggested 
that the availability of orthography during word learning assists only in learning the 
pronunciation (Chambré, Ehri, & Ness, 2017), not the meaning. Orthography could 
specifically support phonological learning because it can serve as a mnemonic for 
the pronunciation. The letters or letter-clusters in a word represent the phonemes 
in a word and can give more precise information of the phonemic constituents of 
a pronunciation than brief and fleeting exposure to the pronunciation. According 
to Ehri (2014), bonding the orthography to the pronunciation, a process called 
orthographic mapping, can clarify the precise pronunciation of a word. In contrast 
to the orthography-phonology relationship, the relationship between orthography 
and semantics is arbitrary, as there is no correspondence between how a word is 
spelled and what it means. Therefore, the way in which orthography would support 
acquisition of a meaning is less obvious.



Chapter 1

14

Furthermore, there has been little research so far into whether the availability of 
orthography during learning supports word learning in a foreign language. Considering 
that words are encountered more often in print for EFL word learning, it is especially 
important to investigate the effect of orthographic learning in EFL. If orthography 
facilitates learning the meaning in L1, it might also facilitate learning the translation 
in EFL. Students’ knowledge of a word’s translation can be measured in two ways. 
Students can either be asked to translate an L1 word to English (what is the English 
word for vogel?), also known as forward translation, or they can be asked to translate 
the English word to their L1 (what is the Dutch word for bird?), also known as backward 
translation (Steinel, Hulstijn, & Steinel, 2007). By measuring translation using both 
forward and backward translation, we can shed some light onto whether orthography 
facilitates translation learning in general, or whether it perhaps only affects learning 
the pronunciation. Forward translation requires a student to translate the L1 word 
into the English word, which demands knowledge of the translation as well as of the 
pronunciation. Knowledge of a word’s pronunciation is less important for backward 
translation, since the response in backwards translation consists of the original L1 
word. In the current dissertation we will therefore seek to disentangle the facilitative 
effects of orthography in EFL, by examining its impact on both forward and backward 
translation.

Availability of vocabulary knowledge and word reading. Availability of the 
orthography of a word might facilitate word learning through its impact on 
meaning and/or pronunciation. Vice versa, this vocabulary knowledge (meaning and 
pronunciation) might also aid in learning and recognizing the orthography. In line with 
this view, L1 studies have indicated that vocabulary knowledge can help in learning 
to read words (Taylor, Duff, Woollams, Monaghan, & Ricketts, 2015). Specifically, to 
read a word aloud, a student is presented with the orthography and has to produce 
the correct pronunciation. This process corresponds to the orthography-phonology 
connection in Figure 1. Words with a regular spelling may be read accurately using 
GPC rules. The word box, for example, can be read by simply transforming each 
letter to its corresponding phoneme. This process of applying GPC rules to transform 
a word from the written form to the spoken form of the word is also known as 
decoding. However, reading words with an irregular spelling using only GPC rules 
is more difficult. For example, how should a student know whether to pronounce 
bear as year, pear, or even nuclear? What about even more exceptional words like 
yacht? To accurately read an irregular word a reader should at least have knowledge 
of the correct pronunciation. This agrees with findings that phonological knowledge 
is shown to be related to better reading (McKague, Pratt, & Johnston, 2001; Nation & 
Cocksey, 2009). Furthermore, knowledge of a word’s meaning may also contribute 
to word reading, because the addition of a semantic representation also increases 
lexical quality. Indeed, high lexical quality has been found to be responsible for 
efficient reading (Perfetti, 2007) and knowledge of a word’s meaning has been shown 
to contribute to reading, especially of irregular words (Ouellette, 2006; Taylor, Duff, 
Woollams, Monaghan, & Ricketts, 2015).
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Irregular word reading also poses a difficulty in EFL, and possibly even to a larger 
extent. English has an opaque orthography with many irregular words (Seymour, 
Aro, & Erskine, 2003). In opaque languages, L1 students therefore rely more on 
word knowledge for reading (Spencer & Hanley, 2003; Suggate, Reese, Lenhard, & 
Schneider, 2014). For Dutch students learning EFL, reading in an opaque orthography 
might be especially difficult, since Dutch is a more transparent language than English 
(Seymour et al., 2003). In order to understand the mechanisms of word learning in 
EFL, the relationship between vocabulary knowledge and word reading in English as a 
foreign language needs to be studied, something that has not been done as yet.

Improving EFL Acquisition

In EFL, words need to be learnt mostly word-by-word, and, considering the large 
individual differences (Thijs et al., 2011), individual practice is preferred. It should 
therefore come to no surprise, that using a computer or other device is a popular way 
to learn words, as those devices offer some specific advantages for EFL students (De 
Wilde et al., 2020). For example, by working on a computer, students can conveniently 
practice with word learning exercises on their own and in their own time and at their 
own pace (Nakata, 2011). These types of word learning exercises can provide students 
with immediate and appropriate feedback, which improves learning outcomes (Li, 
2010). The ensuing individual practice should also be tailored to students’ own EFL 
proficiency level. This can be done by using adaptive learning technology. Students 
can automatically be presented with exercises appropriate for their level. This is a 
promising approach for efficient practice, but so far there have been few studies on 
the effects of language interventions that included adaptive learning (De Wilde et al., 
2020; Kerr, 2016).

Furthermore, as we take word knowledge to consist of meaning, pronunciation and 
orthography, the implication is that EFL students should be presented with exercises 
that contain all of these elements. Language learning technology can be enriched 
both with orthography and the pronunciations of words. This type of input can foster 
vocabulary knowledge growth, as well as reading and spelling these words correctly. 
However, many computer-assisted interventions often focus on either vocabulary 
acquisition, or reading development, instead of both. It is therefore worthwhile 
to investigate the effectiveness of a computer-assisted intervention focused on 
vocabulary, reading and spelling outcomes.
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Taken together, large individual differences in vocabulary knowledge lead to the need 
for an individual approach adjusted to a student’s level in word learning. Furthermore, 
it is important to offer a word’s meaning, pronunciation and orthography during 
learning, to improve students’ vocabulary knowledge as well as word reading and 
spelling. Therefore, the third research aim is to test the effectiveness of a computer-
based word learning intervention that makes use of adaptive learning. 

Outline

In the current dissertation we aim to gain more understanding of word learning in EFL. 
The first aim is to assess whether we can predict EFL development. Specifically, we 
investigate the predictive value of a word learning measure (Chapter 2). The second 
research aim is to investigate how knowledge of one element of a word can facilitate 
learning the other elements of a word in EFL. This is done by studying whether 
learning the orthography of a word can assist in learning the translation of words, 
as well how to read and spell them (Chapter 3) and by studying whether knowledge 
of word meaning contributes to learning to read irregular words in EFL (Chapter 
4). The third research aim is to examine whether a computer-assisted intervention 
containing exercises in which the three different elements of a word are practiced can 
foster EFL development in practice. Therefore, we conducted an intervention study 
to investigate whether systematically presenting students with a word’s orthography, 
pronunciation and translation can improve EFL word learning, reading and spelling 
(Chapter 5). 

Chapter 2 presents a study in which we investigated the advantage of measuring 
language aptitude in predicting development in EFL vocabulary, reading and spelling. 
We used a word learning task to tap into a student’s ability to learn new words, which 
can be considered a type of language aptitude. In L1, the rate at which students 
can learn a new word has been shown to contribute to vocabulary, reading and 
spelling, but it is unknown whether this also extends to EFL development. Therefore, 
we examined whether the rate at which students can learn the forward translation 
(verbal learning) and the spelling (orthographic learning) of new words contributes 
to the prediction of development in EFL vocabulary, reading, and spelling in Grade 7 
over 5 months.

Chapter 3 focuses on the role of orthography in EFL word learning. Earlier studies 
have suggested that availability of orthography facilitates learning the meanings of 
words (Rosenthal & Ehri, 2008), but it is not entirely clear whether students actually 
learn the meaning itself better or just the pronunciation of a word (Chambré et al., 
2017). Furthermore, this has not been investigated in foreign language learning yet. 
We aimed to disentangle effects on pronunciation and meaning in a word learning 
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experiment in which Grade 6 students translated words both from Dutch to English 
(in which students have to provide the pronunciation), or English to Dutch (in which 
students do not have to provide the pronunciation), with orthography available or 
absent. We subsequently examined how well students learnt to translate, read and 
spell these words.

Chapter 4 focuses on the contribution of vocabulary and orthographic knowledge to 
prediction of EFL word reading development, especially whether these predictors are 
more important for reading irregular than regular words. Previous L1 English studies 
have shown that vocabulary is crucial for irregular word reading since English has 
an opaque orthography, but this has not been studied yet in EFL. Since words are 
often encountered in print first in EFL, which might make orthographic knowledge 
especially important, the contribution of orthographic knowledge is also taken into 
account. Therefore, we investigated whether vocabulary and orthographic knowledge 
at the beginning of Grade 7 can predict students’ reading development. 

Chapter 5 aims to improve EFL development through an intervention. The intervention 
targeted the construction of high quality lexical representations, by focusing on not 
only learning translations, but also on spellings and pronunciations. The intervention 
was presented in an adaptive learning program which automatically adjusts to the 
ability level of the learner, as to take into account the large individual differences in 
Dutch EFL students. Dutch Grade 7 students participated in the 12-week program, and 
their EFL vocabulary, reading and spelling development was compared to a control 
group following regular English education.

Chapter 6 synthesizes and evaluates the findings of the empirical studies. The results 
are discussed in relation to the three different research aims. 
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CHAPTER 2

Using Paired-Associate Learning to Predict Development 
in English as a Foreign Language

L1 studies show that paired-associate learning (PAL), especially the verbal learning component, 

contributes to the prediction of individual differences in the development of vocabulary, reading, 

and spelling. The present study aimed to establish to what extent verbal learning and orthographic 

learning measured with a PAL task predict the development in vocabulary, reading and spelling in 

English as a Foreign Language (EFL). Dutch Grade 7 students (N = 455) completed a PAL task in which 

they learned English words, and completed vocabulary, reading, and spelling tasks at the beginning 

of Grade 7 and five months later. The results showed that verbal learning uniquely contributed to 

vocabulary growth and development in reading accuracy, whereas the contribution of orthographic 

learning was limited to the development in spelling and pseudoword reading fluency. Overall, these 

findings are in line with L1-learning, as they indicate that especially verbal learning added to the 

prediction of EFL development.

Krepel, A., de Bree, E.H., Mulder, E., van de Ven, M., Segers, E., Verhoeven, L., & de 
Jong, P.F. Using paired-associate learning to predict development in English as a foreign 
language. Manuscript in revision.
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Introduction

As English is the lingua franca, across the world there are many students that have 
to learn English as a foreign language. In many countries, formal EFL instruction at 
school usually starts at 10-12 years of age. By then, there are already large individual 
differences in EFL proficiency among students. These large differences in proficiency 
are in part due to differences in out-of-school English exposure (Thijs, Trimbos, Tuin, 
Bodde, & De Graaff, 2011) and not to EFL language aptitude, that is the ease and 
speed of EFL learning (Li, 2016). Variations in out-of-school exposure hamper the 
prediction of the further acquisition of EFL and make it more difficult to determine 
which children need extra help from the start of instruction because of problems in 
learning EFL. In the current study we examine the contribution of a language aptitude 
test to the prediction of individual differences in EFL development.

Word learning can be regarded as a central component of language aptitude (Li, 
2016). Vocabulary is one of the basic building blocks of foreign language proficiency, 
crucial for the most basic understanding and expression in a foreign language. 
Word learning ability is often measured with a paired-associate Learning (PAL) task. 
Generally, PAL entails the learning of an association between two different stimuli, 
by consecutively presenting one item of the pair and asking the student to provide 
the other one. PAL tasks in which students have to provide a spoken word are most 
relevant for language development (e.g., Clayton, Sears, Davis, & Hulme, 2018; Gellert 
& Elbro, 2013; Litt, de Jong, van Bergen, & Nation, 2013). In these PAL tasks students 
have to learn the association between a given visual object and a spoken word (visual-
verbal PAL), or between two spoken words (verbal-verbal PAL). These types of PAL 
primarily reflect verbal learning, that is, learning the phonological form of the word 
(Litt & Nation, 2014). Since verbal learning appears the critical component for language 
development, in the current study, students had to learn the spoken English form 
of a Dutch word. In (E)FL, vocabulary learning occurs through learning a translation 
(Hulstijn, 2001), and often the written form of the L1 word is given. Therefore, in the 
current study we used a PAL task in which a written L1 word needs to be associated 
with its English spoken translation.

The acquisition of a word’s spoken form, that is verbal learning, is only one aspect of 
word learning. According to the lexical quality hypothesis knowing a word well (i.e., a 
word’s representation in memory is of a high lexical quality) requires fully specified 
semantic (meaning), orthographic (spelling), and phonological (pronunciation) 
representations (Perfetti & Hart, 2002). During word learning, these representations 
are assumed to become tightly interconnected, so that hearing a word automatically 
activates it’s meaning, or reading a word automatically activates its pronunciation. 
Taking this broader view to word learning, verbal learning is predictive of not 
only vocabulary but also reading ability (Perfetti, 2007; Wegener et al., 2018). This 
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hypothesis is supported by several studies, in which verbal learning was shown to 
be related to development in vocabulary (Gellert & Elbro, 2013), reading (e.g. Litt & 
Nation, 2014), and spelling outcomes (Wang, Wass, & Castles, 2017). In what follows, 
we will describe the evidence on the relation of verbal learning and the acquisition 
of vocabulary, reading and spelling. Most of this evidence comes from studies in L1.

PAL and Vocabulary

Gellert and Elbro (2013) studied the predictive value of PAL on vocabulary growth in 
L1. In the PAL task, third grade Danish students had to learn both the pronunciation 
and meaning of novel words. In this visual-verbal PAL task, the students were 
presented with a picture and had to provide the spoken word. Afterwards, students 
were presented with the pronunciation and asked to provide semantic attributes of 
the word. The results showed that PAL predicted vocabulary growth over a period of 
9 months. Especially the recall of the pronunciations of the words, that is the verbal 
learning component of the task, was predictive of vocabulary development, whereas 
the recall of the semantic attributes of words was not.

In studies on foreign language acquisition, however, PAL hardly predicted vocabulary 
development (Li, 2016). In a meta-analysis on the validity of the Modern Language 
Aptitude Test (MLAT; Carroll & Sapon, 2002), the relationship between the PAL subtest 
and foreign language vocabulary acquisition was not significant (Li, 2016). This is 
likely due to the fact that the MLAT PAL task does not test for verbal learning. In this 
task, students are given 2 minutes to learn a list of (presumably unknown) Kurdish 
translations of 24 English words through self-study. Subsequently, a written multiple-
choice test is administered in which students have to select the correct translation 
(Carroll & Sapon, 2002). The task does not require students to provide the spoken 
word either during learning or at test. Therefore, the task can be considered more as 
a measure of visual-visual PAL than of visual-verbal PAL. Performance on the MLAT 
PAL task is therefore likely not dependent on verbal learning. Following L1 findings, 
we expect that in a foreign language, PAL that includes a measure of verbal learning 
ability would be related to vocabulary growth. However, to our knowledge this 
hypothesis has not yet been tested.

PAL and Word Reading

According to the lexical quality hypothesis, word knowledge is not just important 
for vocabulary, that is the acquisition of meaning, but is also implicated for reading 
(Perfetti, 2007). For example, knowledge of word meanings has been found to facilitate 
word reading, especially for words with inconsistent spellings, which cannot be read 
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accurately through regular decoding (Taylor, Duff, Woollams, Monaghan, & Ricketts, 
2015). In line with this view, many L1 studies have indeed found that verbal learning 
measured through PAL tasks is related to word reading ability in L1 concurrently (e.g. 
Clayton et al., 2018; Hulme, Goetz, Gooch, Adams, & Snowling, 2007; Litt & Nation, 
2014; Mourgues et al., 2016; Windfuhr & Snowling, 2001). An explanation for these 
findings is that verbal learning reflects how efficiently students can store and retrieve 
new verbal information, which is important for reading aloud (Clayton et al., 2018; Litt 
et al., 2013; Litt & Nation, 2014).

Besides the concurrent findings of verbal learning and reading, to our knowledge, 
only two longitudinal studies have looked into the contribution of verbal learning on 
the development of reading. Surprisingly, Lervåg, Bråten and Hulme (2009) found 
that for 6-year old Norwegian children, verbal learning did not contribute to the 
development of reading skills over 2 years. Possibly, this is due to the regularity of 
the Norwegian orthography, in which linking associations between orthography and 
phonology is more straightforward than in a more irregular orthography. It can be 
expected that the word learning ability is more important for development of reading 
skills in opaque orthographies, as students rely more on word knowledge to read in 
opaque than in transparent orthographies (Suggate, Reese, Lenhard, & Schneider, 
2014). In Chinese, an orthography in which the phonology to orthography is much less 
straightforward than in Norwegian, verbal learning did predict reading development 
from K2 to K3 in Chinese kindergarteners (Georgiou, Liu, & Xu, 2017). For English, 
which has an orthography which is more opaque than Norwegian but less so than 
Chinese, it seems therefore more likely that PAL is related to development of reading, 
but more research in English is needed (Lervåg et al., 2009). 

PAL and Spelling

Spelling is a skill closely related to reading (Conrad, 2008), which is also dependent 
on high quality lexical representations (Martin-Chang, Ouellette, & Madden, 2014; 
Perfetti, 2007). For example, both reading and spelling rely on the same orthographic 
representations (Purcell, Jiang, & Eden, 2017). Even though there is less research on 
verbal learning and spelling, verbal learning has also been shown to facilitate the 
acquisition of spelling in English. Wang, Wass and Castles (2017) administered a PAL 
task and an orthographic learning task to Grade 3 and 4 students. In the orthographic 
learning task, students were shown a word four times embedded in a sentence. After 
this exposure phase the students were asked to provide the spelling of the embedded 
words (Wang, et al., 2017). Their results showed that verbal learning was associated 
with learning a word’s spelling in the orthographic learning task.
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If verbal learning is related to spelling acquisition, it can also be expected that it predicts 
spelling development over time. However, outcomes regarding the contribution of 
verbal learning to spelling development are mixed. In two longitudinal studies, verbal 
learning has been found to predict spelling development in beginning readers of 
the opaque Danish language (Nielsen & Juul, 2016), but not in the more transparent 
Norwegian language (Lervåg & Hulme, 2010). Similar to the relationship between 
verbal learning and reading, it is likely that the relationship between verbal learning 
and spelling depends on the transparency of the orthography of the language. In 
the relative transparent Norwegian orthography, words can be spelled accurately 
according to grapheme-phoneme rules, so word-specific knowledge is less important 
than in a less transparent orthography such as Danish. As the English orthography 
is even less transparent than Danish, we expected a relation of PAL with EFL spelling 
development.

Present study

In general, previous research supports the view that verbal learning, as measured 
in a visual-verbal PAL task, predicts acquisition of vocabulary, reading, and spelling 
in L1 learners. We investigated the contributions of PAL in the prediction of EFL 
development in Dutch EFL students over the period from the start of EFL instruction, 
beginning of Grade 7, to the end of Grade 7. The EFL PAL task differed from the usual 
L1 PAL task in two ways. Firstly, since word learning in EFL consists of translation 
learning, we designed an EFL PAL task in which students learned the spoken English 
translations of Dutch words. Instead of providing students with a picture and asking 
them to provide the pronunciation of the word, we provided students with the written 
Dutch word and asked them to provide the English pronunciation of the translation. 
This visual-verbal PAL task, measuring verbal learning, contrasts to the visual-visual 
PAL task that has often been used in foreign language aptitude research (Carroll 
& Sapon, 2002; Li, 2016). Following the results of L1 studies, we expect that verbal 
learning will contribute in the prediction of the development of vocabulary, reading 
and spelling.

For exploratory reasons, we also investigated the role of (incidental) orthographic 
learning. Since EFL word learning is often supported by orthography (Bassetti, 2008), 
including the written form during learning and measuring incidental orthographic 
learning leads to a more ecologically valid task. Acquisition of the orthography is a 
notable component of word learning (Perfetti & Hart, 2002), so it is also of interest 
to investigate the contribution of orthographic learning. Therefore, we expanded 
the PAL task with an orthographic learning component. During the task we provided 
both the spoken and the written forms of the English words. Orthographic learning 
was measured by administering a spelling test of the novel words halfway and at the 
end of the PAL task (e.g., Byrne et al., 2008; Deacon, Pasquarella, Marinus, Tims, & 
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Castles, 2019). In L1, orthographic learning has been related to the development of 
reading and orthographic knowledge (Deacon et al., 2019). Accordingly, we expect 
that orthographic learning in EFL students will also be related to progress in reading 
and spelling.

Methods

Participants

A total of 503 Grade 7 students from 18 classes in 7 schools in the Netherlands 
completed English proficiency measures in November-December and April-June of 
Grade 7. Of this group, we excluded 18 students (3.5%) who did not complete all 
measures at both time points. We also excluded 30 students who reported to 
speak English with their parents or caretakers. This resulted in a final sample of 455 
students (246 boys, 209 girls), 12 years and 7 months old on average (11-13 years, SD 
= 5 months). Of this sample, 26.5% (118 students) were not native Dutch speakers, of 
which 35 students did not speak Dutch at home with their parents or caretakers. All 
students were proficient in Dutch. As the outcomes of the analyses were unaffected 
by in- or exclusion of the group of students who were not native Dutch speakers, we 
report the outcomes of the sample containing this group. 

The students were in Grade 7, the time at which formal English education starts in the 
Netherlands. Almost all students reported to have some English classes in primary 
school, mostly starting in Grade 5 (54.6%). Only 7 students reported that they did not 
have English classes before Grade 7. Parents of all students were informed of the 
study and could refuse participation of their child.

Measures

Paired-Associate Learning Task. In the PAL task, students were asked to associate 
8 word pairs. Each pair consisted of a known Dutch word and its English translation. 
On each learning trial, students were provided with the Dutch word and had to give 
the English pronunciation (verbal learning). After each trial, the written form of the 
English word was given as feedback. Additionally, we measured whether students 
acquired the spellings of the English target words in a dictation task (orthographic 
learning).
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Target Words Selection. The target words were selected based on Age of Acquisition 
(AoA; Brysbaert, Stevens, De Deyne, Voorspoels, & Storms, 2014; Kuperman, 
Stadthagen-Gonzalez, & Brysbaert, 2012). To ensure that the students were unfamiliar 
with the English words, we selected words with an English AoA around the age of the 
participants (12- 13 years). For the English words, we selected a Dutch translation with 
a Dutch AoA younger than the age of the participants (5-10 years). This way, students 
were likely unfamiliar with the English words, but did know the Dutch translations. 
From the words that met these requirements, we selected low-frequency nouns and 
adjectives that were not cognates (for example, the non-cognate froth with its Dutch 
translation schuim). Half of the words had a consistent spelling in which all graphemes 
follow the standard grapheme-phoneme rules (based on van Berkel, 2006) (for 
example, <froth>) and half of the words had an inconsistent spelling (for example, the 
word <aerie>, in which <ae> is inconsistent as it can be pronounced in different ways; 
see Appendix for the full list of words).

PAL procedure. The PAL task was administered individually by an experimenter 
in PowerPoint using a laptop. Students were first familiarized with the spoken and 
written form of each Dutch word and its English translation in 2 blocks of exposure 
trials. Each block consisted of 8 trials, 1 trial for each word. Within each block, trials 
were presented in a random order. In an exposure trial, students were presented with 
the written form of the Dutch word and its English translation next to each other on-
screen for 5 seconds and the experimenter said the Dutch and English word aloud (For 
example, “Schuim means froth”). The student had to repeat the English word to ensure 
that students could accurately pronounce the words. If a student’s pronunciation was 
incorrect, the experimenter corrected the student until the student could pronounce 
the word correctly, but this was rarely the case. 

The exposure trials were followed by up to 8 blocks of learning trials. In the learning 
trials, students were presented with the written Dutch word on-screen for 2 seconds 
and then had 15 seconds to give the English translation. After a correct answer, the 
experimenter gave students feedback that their answer was correct (“Indeed / Yes”) 
and the correct written English word was shown on the screen for 2 seconds. After an 
incorrect answer, the experimenter gave feedback about the correct pronunciation 
(“No, this is not frop, the correct word is froth”), and the correct written English word was 
shown on the screen for 2 seconds.

Following the third learning trial, the task was interrupted to measure orthographic 
learning in a dictation task (described below). After this intermission, the experimenter 
continued with the learning trials. At this point, the task ended after a student had 
translated all 8 words correctly in two subsequent blocks of learning trials, or after all 
8 blocks of learning trials had been completed. After the PAL task, students performed 
an unrelated 15-minute computer task (Mulder, van de Ven, Segers, Krepel, de Bree, 
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de Jong, & Verhoeven, submitted). Following this distractor task, the experimenters 
administered a delayed post-test for verbal learning and orthographic learning and 
the final scores were noted.

Verbal learning. The score for verbal learning was calculated using the number of 
correct learning trials; trials that were not administered after the learning criterion 
had been reached were assumed to be correct (maximum score = 64). The verbal 
learning post-test was similar to the learning trials: the experimenter said the Dutch 
word out loud and the student had to provide the English translation. Students did 
not receive feedback. The number of correctly translated words at post-test was noted 
as the post-test verbal learning score (maximum score = 8). Due to students’ Dutch 
accent, pronunciations were deemed correct if they were fairly successful attempts 
at the English pronunciation (for example, <frof> instead of <froth>). In contrast, 
pronunciations were deemed incorrect if students added or omitted a phoneme of 
the word (for example, <frop> or <frolth>).

Orthographic learning. Orthographic learning was measured using a dictation task, 
which was administered after the third block of learning trials and at post-test. In 
the dictation task, the experimenter read the English target words out loud, and the 
student was instructed to provide the correct spellings of these target words. Students 
did not receive feedback. The number of correctly spelled words was noted as the 
scores for orthographic learning(maximum score = 8) and orthographic learning at 
post-test (maximum score = 8). 

Vocabulary. A shortened version of the Peabody Picture Vocabulary Test (PPVT), 
Fourth Edition (Dunn & Dunn, 2007) was used to measure English vocabulary. For 
the shortened version, we selected 60 items, so the task could be administered in a 
classroom setting. The PPVT is normally administered individually and consists of 19 
sets of 12 item. We selected every third item from set 1 to set 15 (4 items per set). 
This range of sets covers a wide range of vocabulary knowledge, since we expected 
that participants in our sample would show a large variation in vocabulary knowledge. 
Previous studies have shown that this selection leads to reliable results (Pasquarella, 
Chen, Lam, Luo, & Ramirez, 2011; Sparks & Deacon, 2015; Wang, Nickels, Nation, 
& Castles, 2013). Students completed items in a booklet with four picture options 
printed for each item. Students heard the target word (for example “shoe”) and had to 
mark the corresponding picture. All answers were scored as correct or incorrect with 
a maximum score of 60. Cronbach’s Alpha of the task was .77.

Spelling. English spelling was measured using an English dictation task (developed by 
van Viersen and de Bree, pc). The dictation task consisted of 20 target words that were 
embedded in sentences read aloud by the experimenter. The experimenter repeated 
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the target word after each sentence (for example, “I always receive a postcard on my 
birthday - receive”). Students then had to write down the target word. Word length and 
difficulty of the items increased along the task (ranging from two to mathematician). 
The items mostly had irregular spellings, as regular words would likely be too simple 
for the students. The first 15 words consisted of nouns (scarf), adjectives (quiet) and 
conjunctions (except) and the last 5 words consisted of conjugated verbs (achieved). 
Items were scored as correct or incorrect with a maximum of 20. Cronbach’s Alpha of 
the task was .80.

Reading.

Reading Accuracy. Regular and irregular word reading accuracy in English was 
measured using the Castles & Coltheart 2 Task (Castles et al., 2009). Students read a 
word list that consisted of 40 regular (e.g., check) and 40 irregular (e.g. cough) words 
in the same order as the original test. The regular and irregular words were matched 
on word length, frequency and grammatical class. The word list was presented in two 
columns on a sheet of paper. Students had to read the entire list as accurately as they 
could, and it was emphasized that they did not have to read as quickly as they could. 
Cronbach’s Alpha of the task was .78 and .75 for regular words and .78 and .76 for 
irregular words respectively at Time 1 and Time 2.

Since the students in this study had a Dutch accent in English, their accent was taken 
into account while scoring the reading tasks. Since we are interested in reading 
accuracy and decoding ability, we aimed to separate decoding errors from systematic 
articulation errors. To this end, we composed a list of acceptable and unacceptable 
pronunciations. For example, since the <th> is difficult for Dutch speakers, 
pronunciation of the word <thunder> (with voiceless th) similar to <funder> (with 
voiceless fricative f) was considered acceptable but pronouncing it differently such 
as <zunder> (with voiced fricative z) was considered unacceptable. As per the original 
guidelines, a decoding error, like pronouncing the word <thunder> as <thunter>, was 
scored as incorrect. All experimenters were trained scoring two reading tests of which 
the outcomes were compared with the lead experimenter. Any scoring differences 
between experimenters were discussed until all experimenters agreed on how a 
pronunciation should be scored.
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Reading Fluency. Subtests of the Test of Word Reading Efficiency second edition 
(TOWRE, Torgesen, Wagner & Rashotte, 2012), were used to measure reading 
fluency in English. Word reading fluency was measured using the Sight Word 
Efficiency subtest, which contains 109 (regular and irregular) words that increase in 
difficulty (for example, go, horizon). Pseudoword reading fluency (i.e. decoding) was 
measured using the Phonemic Decoding Efficiency subtest. This subtest consists of 
66 pseudowords, which all have a regular pronunciation (for example pog, throbe). In 
both subtests, students are instructed to read accurately as many words as possible 
in a 45 second time-limit. Experimenters scored the pronunciations using the same 
scoring rules as for the reading accuracy task. For the pseudoword reading task, the 
first 10 words were difficult to score, because they were short words with no obvious 
English counterparts. Examples are pu or ku, which end in u, even though there are 
very few English words that end with this letter. Therefore, the experimenters scored 
these 10 words as correct. The TOWRE subtests have been shown to be reliable, with 
an internal consistency ranging from .86 to .97 (Hayward, Stewart, Phillips, Norris, & 
Lovell, 2008). 

Procedure

Tests were administered in the beginning (November-January) and at the end (April-
June) of the schoolyear. The vocabulary and dictation task were administered in a 
classroom setting with the teacher present. In an individual session in a quiet room, an 
experimenter administered the PAL task and the reading tasks. Other measures were 
also administered, as the study was part of a larger project. The classroom session 
lasted approximately 50 minutes and the individual session lasted approximately 25 
minutes. All experimenters were trained by the researchers and practiced scoring the 
reading tasks by scoring at least 2 examples of each reading test.

Analysis

Separate regressions were performed to examine the contributions of verbal learning 
and orthographic learning at Time 1 to development in the different vocabulary, 
reading, and spelling outcomes. In these analyses, we used verbal learning and 
orthographic learning at the Time 1 to predict variance in the Time 2 outcomes, 
while controlling for the autoregressive effects in the first step. Verbal learning 
and orthographic learning were always added in the second and third step. These 
analyses were performed twice. First, we added verbal learning in the second step 
and orthographic learning in the third step; then we reversed the order in the second 
analysis. In this way, we determined whether verbal and orthographic learning had 
a unique contribution (Step 3) on top of the autoregressive effect and the shared 
contribution of verbal and orthographic learning.
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Results

Descriptive statistics

Descriptive statistics for all measures at both time points are reported in Table 1. The 
score distributions were approximately normally distributed, with all standardized 
skewness and kurtosis scores under 1.96 (Field, 2013). A repeated measures MANOVA 
showed that students improved in vocabulary, reading and spelling between both 
time points, F (6,444) = 123.42, p < .001, η²p = .63. Verbal learning as measured by the 
total number of correct learning trials indicated that students made around 13 errors 
during the task. The orthographic learning outcome during the word learning task 
scores showed that students had learned the spellings of most words after only 5 
exposures. The delayed post-test scores were even closer to ceiling. Therefore, only 
the measures for verbal learning and orthographic learning during the task were used 
for further analysis. Thus, for verbal learning we used the total number of correct 
learning trials, and for orthographic learning we used the performance on the spelling 
task that was administered after the second learning trial.

Table 1
Descriptives of English Proficiency and PAL Measures at Time 1 and Time 2

Time 1 Time 2

Variable M SD M SD

EFL Proficiency Vocabulary 38.78  5.70 41.84 5.52

Spelling (max 20)  6.32  3.35  8.08 3.81

IRA (max 40) 17.67  4.29 18.71 4.17

RA (max 40) 33.29  4.17 34.24 3.82

WRF (max 108) 60.21 10.09 64.06 9.04

PRF (max 66) 38.59 10.10 41.89 9.89 

PAL VL (max 64) 51.95 10.37 - -

OL (max 8)  6.76  1.26 - -

VLP (max 8)  7.13  1.16 - -

OLP (max 8)  6.95  1.11 - -

Note. IRA = Irregular word Reading Accuracy, RA = Regular word Reading Accuracy, 
WRF = Word Reading Fluency, PRF = Pseudoword Reading Fluency, VL = Verbal 
Learning during Task, OL = Orthographic Learning during Task, VLP = Verbal Learning 
Posttest, OLP = Orthographic Learning Posttest.
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Correlations between the EFL proficiency measures and PAL are reported in Table 2. 
The intercorrelations among the different EFL proficiency measures were moderate 
to large (ranging from .39 to .75) with only a weak correlation between vocabulary and 
pseudoword reading fluency (.22 at Time 1 and .27 at Time 2). The large correlations 
between time points of the same measures (.69 to .82) indicate that these EFL 
proficiency measures were stable over time. Within the PAL task, verbal learning was 
strongly related to orthographic learning (r = .59).

The verbal learning outcome from the PAL task correlated moderately to strongly 
with the measures of EFL proficiency at Time 1 (.38 to .52) and Time 2 (.35 to.48). 
Similar correlations with verbal learning were found for orthographic learning 
and EFL proficiency at Time 1 (.24 to .52) and Time 2 (.29 to .51). Still, some small 
differences can be noted. For example, orthographic learning was more strongly 
related to pseudoword reading fluency (.64 at T1 and .47 at T2) than verbal learning 
(.40 at T1 and .35 at T2). On the other hand, vocabulary was correlated more strongly 
with verbal learning (.38 at T1 and .41 at T2) than orthographic learning (.24 at T1 and 
.29 at T2) and irregular word reading was also correlated more strongly with verbal 
learning (.47 at T1 and .48 at T2) than orthographic learning (.37 at T1 and .37 at T2). 
These reported differences were all significant using Fisher’s r to z transformations, 
p < .05.
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Contributions of Verbal and Orthographic Learning

To examine whether PAL at Time 1 contributed to development in EFL proficiency 
between Time 1 and Time 2, we conducted regression analyses. The results of these 
analyses are reported in Table 3. In all analyses we predicted EFL outcomes at Time 
2, after controlling for the autoregressive effects at Time 1 in the first step. In Step 2 
and 3 verbal learning and orthographic learning were added in two orders to assess 
their unique contributions.

Vocabulary. Verbal learning in the PAL task, that is how well students learned 
translations, significantly predicted their vocabulary development. After controlling 
for the autoregressive effect of vocabulary at Time 1 in the first step (47.5%), verbal 
learning contributed 2.8% to vocabulary at Time 2. Orthographic learning did not 
contribute significantly to vocabulary development when it was added after verbal 
learning. However, when orthographic learning was added in the second step, 
it significantly predicted 1.5% of variance of vocabulary at Time 2. Beyond the 
contribution of orthographic learning in the second step, verbal learning uniquely 
contributed 1.4% in the third step.

Reading. Development in reading was examined in separate regression analyses 
for each reading measure. When predicting irregular word reading accuracy at 
Time 2, the analysis showed that beyond the autoregressive effect (which explained 
47.7%), verbal learning contributed 3.2% to irregular word reading accuracy at Time 
2. Orthographic learning did not contribute any further unique variance in the third 
step. When orthographic learning was added before verbal learning in the second 
step, it contributed 1.7% and verbal learning subsequently contributed 1.7% in the 
third step. Since orthographic learning was not significant if it was added in the third 
step after verbal learning, this means that the explained variance of orthographic 
learning was entirely accounted for by verbal learning.

Verbal and orthographic learning hardly predicted variance in Time 2 word reading 
fluency. After controlling for the large autoregressive effect (which explained 67.5% 
of variance), only orthographic learning made a tiny but significant contribution 
to fluency development (0.3%). Verbal learning did not contribute to Time 2 word 
reading fluency at all beyond the autoregressive effect.

In comparison to word reading fluency, verbal and orthographic learning during 
the PAL task contributed substantially more to pseudoword reading fluency at Time 
2. After controlling for the autoregressive effect, explaining 59.7%, verbal learning 
did not contribute to pseudoword reading fluency. However, orthographic learning 
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contributed 1.5% to pseudoword reading fluency beyond the non-significant 
contribution of verbal learning. If orthographic learning was added in the second step 
before orthographic learning, it contributed 1.7% to pseudoword reading fluency, 
after controlling for the autoregressive effect.

Taking all reading measures together, mainly verbal learning contributed to 
development in reading accuracy, since orthographic learning did not contribute 
to reading accuracy independently from verbal learning. In contrast, orthographic 
learning did contribute to development in pseudoword reading fluency, whereas verbal 
learning did not. Verbal or orthographic learning did not predict the development of 
word reading fluency.

Spelling. As expected, PAL verbal and orthographic learning made significant, albeit 
small, contributions in the prediction of spelling development. After controlling for 
the autoregressive effect (65.8%), verbal learning contributed 0.8% to spelling at Time 
2. Orthographic learning subsequently contributed 1.1% beyond the contribution 
of verbal learning. When orthographic learning was added in the second step 
before verbal learning, it explained 1.8% variance of spelling development and the 
contribution of verbal learning in Step 3 was not significant. The finding that verbal 
learning did not contribute to spelling development after controlling for orthographic 
learning indicates that the explained variance of PAL in spelling development is mainly 
due to orthographic learning.
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Discussion

The present study aimed to establish whether verbal and orthographic learning during 
a PAL task contribute to the prediction of EFL development in vocabulary, reading 
and spelling. In the PAL task, we assessed verbal learning by measuring how quickly 
students learned the English translations of Dutch words. Because of the relevance 
of orthographic learning in EFL, we also measured incidental orthographic learning 
during the PAL task. Our main findings are that verbal learning uniquely contributed 
to the prediction of vocabulary and reading accuracy development, whereas 
orthographic learning added to the prediction of spelling and pseudoword reading 
fluency development. Below, we will consider the relation of verbal and orthographic 
learning to vocabulary, reading, and spelling in more detail.

Regarding vocabulary in EFL, verbal learning was related to vocabulary concurrently, 
and also contributed to the prediction of vocabulary growth, in line with results in 
L1 studies (e.g., Gellert & Elbro, 2013). The verbal learning component appeared 
crucial in the relationship between PAL and vocabulary, since orthographic learning 
did not contribute to the prediction of vocabulary growth. In previous foreign 
language studies, PAL was not found to be related to vocabulary growth (Li, 2016). 
This is likely due to the fact that, in the foreign language studies, the PAL task lacked 
a verbal response. Our findings show that, if verbal learning is included, PAL does 
predict vocabulary growth in foreign language vocabulary and thus outcomes are 
comparable to L1 (Gellert & Elbro, 2013). The PAL task used in the study by Gellert 
and Elbro (2013) was somewhat different from our PAL task, as in our study students 
learned the translation for a known-word (verbal-verbal) learning, instead of learning 
the pronunciation in relation to a picture (visual-verbal learning). However, both tasks 
have the most important component in common, that is, verbal learning. Both PAL 
tasks require providing the novel phonological form, which has been shown to be the 
crucial component of verbal learning (Litt & Nation, 2014; Litt, Wang, Sailah, Badcock, 
& Castles, 2019). 

We also found that verbal learning was related to reading concurrently, as well as 
reading development over time. This is in line with several other studies (Clayton et 
al., 2018; Litt et al., 2013; Litt & Nation, 2014). However, orthographic learning did not 
contribute uniquely to reading development, which was somewhat unexpected since 
orthographic knowledge is deemed to be important for reading. With the exception 
of pseudoword reading, we found that it was the verbal learning component that 
predicted reading. These results further speak to the conclusion of experimental 
studies that verbal learning is critical in the PAL-reading relationship (Litt & Nation, 
2014; Litt, Wang, Sailah, Badcock, & Castles, 2019).
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This is one of the few studies in which PAL and reading are investigated in a 
longitudinal design, and previous results have been mixed. Verbal learning has not 
been found to be predictive of reading development in more transparent Norwegian 
(Lervåg et al., 2009), but it has been in more opaque Chinese (Georgiou, Liu, & Xu, 
2017). It seems that verbal learning is only predictive of reading development in more 
opaque orthographies. In accordance with this hypothesis (Lervåg et al., 2009), we 
found that verbal learning contributed to the prediction of reading development in 
an opaque orthography such as English. We found a similar pattern within English 
word reading, as verbal learning contributed more to reading opaque (irregular) 
words than reading regular words. A possible explanation as to why verbal learning 
contributes more to reading opaque words relates to the role of word knowledge in 
reading those types of words. Opaque words cannot be decoded using grapheme-
phoneme correspondence (GPC) rules and it is shown that word knowledge is more 
important for reading these words: Vocabulary knowledge is a predictor for reading a 
word with an irregular spelling (Nation & Cocksey, 2009; Taylor et al., 2015) as well as 
word reading in an opaque orthography (Suggate et al., 2014). Since verbal learning 
contributes to vocabulary growth, students that are proficient in verbal learning will 
learn more words over time, which in turn facilitates reading.

Previous studies have shown that verbal learning mainly contributes to reading 
accuracy rather than speed (Poulsen & Elbro, 2018). This is also reflected in our 
findings, since verbal learning did not contribute to prediction in word reading fluency. 
Improvement in word reading fluency between Time 1 and Time 2 mainly concerned 
faster reading speed (average words read increased from 67.09 to 70.84), as word 
reading accuracy remained stable (average percentage of errors decreased from 
10.27% to 9.57%). The change in word reading fluency therefore reflects increases 
in retrieval speed, given that the pronunciations are known. Since verbal learning 
concerns learning novel pronunciations, verbal learning would primarily relate to 
whether a reader can correctly pronounce a word or not. In line with this view, verbal 
learning contributed to word reading accuracy but not to word reading fluency in this 
study.

Verbal learning did not contribute to pseudoword reading fluency, because similar 
to word reading fluency, progress in pseudoword reading fluency mainly concerned 
reading speed instead of reading accuracy. Additionally, students do not have 
available phonological representations of pseudowords in their memory, therefore 
recall of verbal information should not benefit reading these pseudowords, and 
pseudowords are decoded using GPC rules instead. Unexpectedly, orthographic 
learning did contribute to pseudoword reading fluency. However, this result is not 
unprecedented. Byrne et al. (2008) found, in a factor analysis, that pseudoword 
reading and orthographic learning loaded on the same factor, together with spelling 
achievement. They hypothesized that this common factor reflects orthographic 
learning rate, and that pseudoword reading and spelling achievement are the 
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product of orthographic learning. According to Byrne et al., (2008) orthographic 
learning is related to pseudoword reading because orthographic learning reflects the 
responsiveness to learning opportunities. For example, orthographic learning taps 
into the ability to learn orthographic patterns, which is a skill that is also involved in 
pseudoword reading.

Orthographic learning contributed to the prediction of development in that specific 
area: orthographic knowledge, as measured in the spelling task. Students that were 
proficient in orthographic learning likely acquired more orthographic knowledge 
throughout the year, which was reflected in increased spelling gains. This finding is 
consistent with previous results on orthographic learning (Byrne et al., 2008; Deacon 
et al., 2019). Verbal learning also contributed to growth in spelling, similar to previous 
L1 findings (Nielsen & Juul, 2016), but this was merely due to the overlap between 
verbal learning and orthographic learning. After adding orthographic learning in the 
prediction, orthographic learning accounted entirely for the contribution of verbal 
learning. Verbal learning likely did not uniquely contribute to prediction in spelling 
development because verbal learning reflects learning novel pronunciations, which is 
not required in a spelling task. Instead, the pronunciation in a spelling task is provided 
by the experimenter. Overall, we find that learning tasks can predict development 
better, if the type of learning matches the output of the task.

It should be acknowledged that the contributions of the PAL task to the prediction of 
EFL development were relatively small, but of a comparable size relative to the time 
duration as in previous studies. For example, in the study of Gellert and Elbro (2013) 
the number of correct learning trials in the PAL task contributed 6% to vocabulary 
growth over 9 months, while in our study, PAL contributed 3% to vocabulary growth 
over 5 months. The reason that the contributions were small is related to two 
assumptions underlying the advantages of language learning aptitude tests. First, it 
assumes that the PAL task is a ‘pure’ measure of learning aptitude that is independent 
from previous exposure to English (Li, 2016). This is not necessarily the case, as 
previous studies have shown that prior orthographic knowledge and vocabulary 
knowledge are associated with both verbal learning (Masoura & Gathercole, 2005) 
and orthographic learning of new words (Cunningham, Perry, Stanovich, & Share, 
2002; Wang et al., 2013). Verbal and orthographic learning at Time 1 might therefore 
not just be an indication of learning aptitude, but also of previous English exposure. 
If the PAL task is also a measure of English exposure, this would lower the potential 
value of the PAL task in predicting development over and beyond prior knowledge. 
Still, the PAL task correlations in the current study showed it was only moderately 
related to EFL proficiency, indicating that the measure was relatively independent 
from previous exposure.
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A second, and likely more important assumption related to contributions of learning 
aptitude is that individual differences due to exposure are assumed to be larger at 
the beginning of the school year than at the end of the school year. We expected 
that students start in Grade 7 with large individual differences due to differences 
in prior exposure, but that these individual differences would decrease because all 
students follow the same English curriculum. If these individual differences decrease, 
accordingly the contribution of language learning aptitude to language development 
might increase. As a result, the association between aptitude tests and proficiency 
would become stronger. However, our findings show that this was not the case, as the 
proficiency measures were very stable over time and thus the individual differences 
due to exposure in EFL proficiency persisted during Grade 7. Overall, considering 
the small predictive value of PAL in this sample, using a PAL task to determine a 
student’s (short-term) learning trajectory is not of much practical value. Nevertheless, 
it is notable that significant contributions were found at all, as they do shed light 
on the role of verbal learning and orthographic learning in vocabulary acquisition 
and development in reading and spelling skills in EFL. This research thereby provides 
more understanding into the issue of to what extent L1 findings can be generalized to 
foreign language learning.

A limitation of the current study concerns the fact it was carried out in a specific sample 
with a specific L1 and a specific foreign language. Predictors of reading acquisition in 
a foreign language vary depending on the features of the foreign language (Zeguers, 
van den Boer, Snellings, & de Jong, 2018). In a study investigating L1 Dutch students 
learning different foreign languages, Zeguers et al. (2018) showed that predictors for 
foreign language reading development differed depending on whether the foreign 
language is alphabetic or non-alphabetic and whether the orthography is transparent 
or opaque. Furthermore, not just features of the foreign language, but also features 
of the first language affect reading in a foreign language, as students apply their 
knowledge of L1 orthography and phonology rules while learning to read in a 
foreign language. Depending on the combination of the languages this can be either 
beneficial or detrimental (Bassetti, 2008; Figueredo, 2006). Therefore, it is important 
to consider the overlap between these languages. For example, besides differences 
in orthographic opacity, there are also similarities between Dutch and English. In the 
current study, the word “starling” from the PAL task can be decoded to the correct 
English pronunciation using both English or Dutch grapheme-phoneme rules. This 
orthographic overlap between Dutch and English might partly explain why the overall 
findings from this study are similar to L1 studies. Whether the same patterns would be 
found for Dutch students learning a non-alphabetic language like Chinese is unclear, 
as the Chinese orthography is processed differently than an alphabetic orthography. 
Instead of learning orthography through decoding, orthographic learning in Chinese 
relies on a different kind of perceptual learning (Wang, Perfetti, & Liu, 2003). Possibly, 
this type of orthographic learning relates differently to reading and spelling outcomes. 
Extending the current findings in future research using different type of languages is 
therefore warranted.
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Conclusion

Overall, the current study demonstrated that PAL adds in the prediction of development 
in vocabulary, reading and spelling in Dutch students learning EFL. Similar to previous 
L1 studies, we found that especially verbal learning was a unique predictor for 
vocabulary and reading. The unique contribution of orthographic learning was limited 
to growth in spelling and pseudoword reading (of which the latter can be considered 
part of the same factor as orthographic learning). All in all, our findings show that 
in the opaque English orthography, verbal learning is of importance for vocabulary 
and reading, whereas orthographic learning is important for specifically spelling 
development. Overall, individual differences in word learning aptitude have a small 
contribution in predicting EFL development.
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Appendix

Word Characteristics for the Paired-Associate Learning Task.

Word Dutch translation
Inconsistent 
graphemes*

Frequency 
per Million

English 
AoA

Dutch 
AoA

aerie nest <ae> 0.04 13.00  5.94

budgie parkiet <dg> <ie> 0.04 12.90  6.93

haughty arrogant <aught> 0.18 12.93 10.59

boon zegen <oo> 1.24 12.84  8.66

humdrum alledaags - 0.02 12.89  9.17

tempest storm - 0.04 12.88  6.46

pith kern - 1.22 12.83  9.93

starling spreeuw - 0.67 13.00  8.82

Note. * based on van Berkel (2006)
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CHAPTER 3

Does the Availability of Orthography Support L2 Word 
Learning?

Availability of orthography during word learning has been found to facilitate learning the word’s 

spelling and pronunciation and has been proposed to facilitate learning its meaning. This has not been 

studied in second language (L2) learning yet, in which word learning often corresponds to translation 

learning. Therefore, an L2 word learning experiment was carried out. Grade 6 Dutch students (n = 92) 

were taught English words, with orthography available or absent. Words were divided into those that 

are spelled like they sound (consistent, tempest) and those that are not (inconsistent, quaint). Students 

learned the words using forward translation (Dutch to English) or backward translation (English to 

Dutch). At post-test spelling, reading and forward as well as backward translation were measured. 

Results indicate that availability of orthography mainly facilitated word spelling and reading. There 

was a trend for orthography to affect learning the translation. Consistent words benefited most from 

orthography, especially when the post-test demanded forward translation. As forward translation 

requires retrieval of the word’s pronunciation, it is likely that students used orthographic mapping 

to better remember the pronunciations of the English words. Forward translation was easier if 

words were learned in the same direction, but backward translation was not affected by learning 

direction. Together, these results imply that orthography supports translation learning, although this 

is likely caused by learning the word’s pronunciation and not by establishing a direct link between 

orthography and word meaning.

An adapted version of this manuscript will appear as: Krepel, A., de Bree, E.H., & 
de Jong, P.F. (2020). Does the availability of orthography support L2 word learning? 
Reading and Writing: An Interdisciplinary Journal. https://doi.org/10.1007/s11145-020-
10078-6  
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Introduction

Vocabulary acquisition is an important component of learning a new language. 
Learning a novel word entails the acquisition of its meaning (semantics), spelling 
(orthography) and pronunciation (phonology). In their first language children first 
form connections between pronunciation and meaning. Orthography is added when 
they begin to read and encounter words in print. However, learning a second language 
often starts in school, and L2 words are often encountered in print first. How does 
seeing the spelling affect the word learning process?

One possibility is that the availability of a word’s orthography during learning has 
a direct effect on the acquisition of its meaning. According to the lexical quality 
hypothesis (Perfetti, 2007; Perfetti & Hart, 2002), high quality word representations are 
characterized by tight associations among its constituents, orthography, phonology 
and meaning. On the basis of this hypothesis, orthographic representations increase 
the overall lexical quality of words (Perfetti & Hart, 2002). The orthography is an 
additional cue for successful meaning retrieval (Ricketts, Bishop, & Nation, 2009), 
pointing to the importance of learning word spellings. Connectionist models of reading 
(Harm & Seidenberg, 2004) also suggest a direct connection between orthography 
and meaning. When a word has been well-learned, seeing the orthographic form can 
directly activate the corresponding meaning in the mental lexicon instead of through 
activation of the word’s phonology (Harm & Seidenberg, 2004). Thus, knowing the 
spelling of the word can act as a cue and directly facilitate meaning retrieval.

Consistent with the lexical quality hypothesis and connectionist models, studies 
have reported that the presence of the written form during word learning leads to 
better learning of a word’s meaning (Ricketts et al., 2009; Rosenthal & Ehri, 2008). 
For example, Rosenthal and Ehri (2008) taught kindergarten children novel words. In 
a visual-verbal paired-associate learning task, children had to learn the association 
between a word and a picture and to learn the definition of the novel word. The 
picture was either accompanied by the orthography, printed underneath the picture, 
or not. The results showed that at posttest children were better able to provide the 
correct word when prompted by its picture when its orthography had been present 
during learning. The degree of learning was also measured in two other tasks: A task 
in which children heard the word and had to recognize it from an array of pictures 
and one in which they had to provide its definition. On these two tasks the presence 
of orthography during learning did not lead to better performance. This was probably 
due to the fact that children performed at ceiling level. Subsequent word learning 
studies using a similar paradigm have replicated both the finding that the availability 
of orthography boosts word learning when measured by word recall, as well as the 
ceiling effects in tasks demanding correct picture selection (Chambré, Ehri, & Ness, 
2017; Hu, 2008; Jubenville, Sénéchal, & Malette, 2014; Miles, Ehri, & Lauterbach, 2016; 
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Ricketts et al., 2009). Thus, evidence so far has lent little support for a direct effect of 
orthography on the learning of a word’s meaning. An effect is found when semantics 
is measured by word recall, i.e., when the pronunciation has to be provided, but it is 
not yet clear whether the availability of orthography during learning facilitates the 
acquisition of its meaning.

Another account of the relationship between word spelling and word learning is that 
orthography has an indirect effect on the acquisition of a word’s meaning through its 
influence on the acquisition of a word’s phonology (Ricketts et al., 2009; Rosenthal & 
Ehri, 2008). Orthography can help children learn the pronunciation of a word because 
it might act as a mnemonic device that is less transient than phonology (e.g., Ehri, 
2014). Mapping the graphemes in the written form to the phonemes in its spoken 
form helps to secure the phonology in memory. In turn, learning the phonology more 
quickly might facilitate learners to connect the phonology to the semantics (Rosenthal 
& Ehri, 2008). In L2 learners the extent to which orthography might act as a mnemonic 
device to acquire the phonology of a word might be affected by the orthographic 
distance between L1 and L2, as it is easier to process the orthography if L1 and L2 are 
orthographically similar (Geva & Siegel, 2000; Koda, 2007). For instance, for L2 English 
reading, there is more cross-linguistic transfer for students with Spanish as L1 than for 
students with Chinese as L1, because Spanish and English have both alphabetic scripts 
whereas Chinese and English use different scripts. Consequently, L1 Spanish students 
can depend more than Chinese students on their L1 orthographic knowledge as a 
resource for learning English (Pasquarella, Chen, Gottardo, & Geva, 2015). Similarly, 
Zeguers, van den Boer, Snellings, and de Jong (2018) found that Dutch students show 
differences in the acquisition of word reading in Spanish (Dutch and Spanish both 
being alphabetic languages) and Chinese (a different orthography from Dutch). 

The relationship between phonology and semantics is qualitatively different from 
the orthography-phonology relationship. Phonemes do not help in deciphering the 
meaning of a word. Therefore, as a third possibility, orthography might have no effect 
at all on learning the meaning of words, neither directly nor indirectly. In this view, 
orthography merely affects the acquisition of the phonology of words (Chambré et 
al., 2017). Evidently, word recall as a measure of word meaning cannot be used to 
disentangle these different accounts of the relationship between orthography and 
word learning as this measure reflects both the acquisition of phonology and meaning 
(Ricketts et al., 2009).

Whether orthography can facilitate word learning has thus far only been examined 
in first language (L1) word learning. However, it is of interest to investigate word 
learning in the early stages of second language (L2) learning as well, since there are 
some important similarities and differences between L1 and L2 word learning. For 
both L1 and L2 word learning, the orthography and phonology of a new word has to 
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be learned. The important difference between L1 and L2 lies in how word meaning 
is learned and how it can be measured. Especially for novice learners, it has been 
proposed that, rather than creating a new concept, L2 learners link the word to the 
translation in their first language (de Groot, Dannenburg, & Van Hell, 1994; Jiang, 
2000). For example, if English students have to learn the Spanish word manzana, 
they will learn that the Spanish word manzana is a translation for the English word 
apple and vice versa. Measuring whether someone knows what manzana means can 
therefore be measured in two ways: learners can be asked whether they know the L1 
English word for L2 manzana (backward translation), or they can be asked whether 
they know the Spanish word for apple (forward translation).

Translation can go in two directions. Forward translation, similarly to word recall, 
requires the retrieval of both the pronunciation and meaning of the (novel) L2 
word. During backwards translation, however, a learner has to provide only the 
L1 meaning of the L2 word. Consequently, for forward translation more precise 
representations in memory are necessary and forward translation is considered 
more difficult than backward translation (Steinel, Hulstijn, & Steinel, 2007). If the 
availability of orthography during learning has an effect on learning the meaning, 
either directly or through phonology, it should have an effect on both backward and 
forward translation. However, if it has no effect on the acquisition of meaning, but 
only on learning phonology, then only an effect on forward translation is anticipated. 
In backward translation, the pronunciation of the word has not to be given and only 
has to be recognized and thus does not need to be known completely.

If orthography has an effect on the acquisition of a word’s phonology, the effect size 
would reflect the difficulty of mapping the orthography to phonology. The consistency 
of spellings is a reflection of the difficulty of mapping. In words with consistent spellings 
orthography and phonology are easy to map, because they are spelled just like their 
pronunciation (e.g., pig). In contrast, a word such as reindeer is inconsistent, because using 
standard grapheme to phoneme mapping, most people would spell the word raindeer 
after hearing it. During word learning, children tend to acquire the meanings of consistent 
words more quickly than inconsistent words (Ricketts et al., 2009). Monolingual English 
speakers also recall more words if the words are shown with a consistent instead of an 
inconsistent spelling (Jubenville et al., 2014). A similar result was found in a study with 
Chinese children (Li et al., 2016): In a visual-verbal paired associate learning task, pictures 
were either accompanied by Chinese characters or not, and these Chinese characters 
either contained phonetic radicals which matched the pronunciation (consistent spelling) 
or contained phonetic radicals that did not match the pronunciation (inconsistent 
spelling). Although the presence of orthography did not have an effect on the learning 
of consistently spelled words, but an inconsistent orthography impeded word learning. 
Overall, consistent words seem easier to learn than inconsistent words, supporting 
the view that orthography is a better mnemonic when the correspondence between 
graphemes in the written form and phonemes in the spoken form is more consistent.
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In most previous L1 word learning experiments, children learned the word meaning 
and pronunciation at the same time. In L2 this would correspond to an experiment in 
which children learn the words using forward translation. However, L2 studies have 
shown that whether words are learned using forward translation (forward learning) 
or backward translation (backward learning) makes a difference in learning outcomes: 
translations are learned better if they are learned in the same direction (Mondria 
& Wiersma, 2004; Steinel et al., 2007; Webb, 2009). Especially for the more difficult 
forward translation, performance is better when the words are also learned using 
forward translation instead of using backward translation. So if the goal of translation 
learning is production of the L2 word, it is important that this is also practiced in 
the learning phase. Of particular interest in the present study is that pronunciation 
is practiced more during forward learning than backward learning. Accordingly, 
children are expected to learn more of the L2 word form during forward learning 
(Webb, 2009). In the current study, we study the effect of orthography on learning the 
L2 pronunciations and L1 meanings. Therefore, the distinction between forward and 
backward translation during learning is of interest in the current experiment.

Present Study

The overall research question of this study was, can Dutch students profit from the 
availability of orthography during word learning on acquiring the translations of 
L2 English words? Therefore, we carried out a word learning experiment in which 
students either learned novel words with orthography present or absent. We also 
examined how the orthography facilitates translation learning, that is whether 
availability of orthography facilitates translation learning directly, indirectly by 
facilitating acquisition of the pronunciation, or whether it only affects learning the 
pronunciation. We posed three specific questions.

First, we explored whether effects of orthography are mainly focused on acquiring 
the phonology. Are effects of orthography found on both a forward translation test 
(which requires phonology) and on a backward translation test (which does not require 
phonology)? Second, if the orthography has an effect on learning phonology, whether 
the orthography-phonology connection is straightforward or complicated should also 
matter. Therefore, the second question was, does the availability of orthography have 
a differential effect depending on whether words have a consistent or an inconsistent 
spelling? Finally, we also investigated whether the condition in which words are 
learned matters, since this has shown to interact with the performance on forward 
translation and backward translation tests. Is performance on the translation task 
better if the translation direction of the post-test is the same as the direction that 
words were learned in?



Orthography and L2 Word Learning

49

These research questions were addressed in a word learning experiment in which the 
associations between 12 Dutch words and their English translation had to be learned. 
During word learning, children either saw the orthography of the English words in 
every learning trial, or never saw the orthography at all. Half of the English words 
were spelled consistently, the spelling of the other half was consistent. To investigate 
whether translation directions matter during learning, half of the children were 
taught the words from Dutch to English (forward learning) and half from English to 
Dutch (backward learning). The two independent variables were crossed, resulting in 
four learning conditions: (1) No orthography and backward learning, (2) orthography 
available and backward learning, (3) no orthography and forward learning, (4) 
orthography available and forward learning. After completing the word learning task, 
both forward and backward translation were tested in all participants. A precondition 
for examining if orthography facilitates translation learning is that orthographic 
learning actually takes place. As indicators of orthographic learning we included both 
spelling and reading measures of the exposed words (Share, 1999). Additionally, the 
reading measure was a way to measure whether children had learned to connect the 
written word to the correct pronunciation.

Our main expectation was that if orthography has a direct effect on learning 
the meaning of words, both forward and backward translations would improve, 
provided that orthographic learning was successful. Since Dutch and English are both 
alphabetic languages, we expected that students would have no major problems with 
orthographic learning in L2 English. If orthography has an indirect effect on learning 
meaning, this effect of orthography would be larger for consistent words than for 
inconsistent words. In contrast, if availability of orthography during learning affects 
learning the pronunciation, orthography would only affect spelling and reading, 
and perhaps forward translation. Additionally, we expect that performance on the 
translation task is better if the translation direction of the post-test is the same as the 
direction that words were learned in.

Methods

Participants

Participants were 92 Grade 6 children from 5 classrooms in 5 different schools in the 
region of Amsterdam. In the Netherlands Grade 6 is the last year of primary school. 
Some English education is obligatory from Grade 5, but formal English instruction 
by specialized teachers starts when students begin high school in Grade 7. Typically, 
English education in primary school takes around 30-60 minutes per week and is 
mostly focused on communication and vocabulary. These lessons are provided by 
the class teacher, who also teaches all other topics (Thijs, Trimbos, Tuin, Bodde, & 
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De Graaff, 2011). Informed consent was obtained at least two weeks before data 
collection started. Within each classroom, quadruplets of children were created of 
the same gender (if possible) and the same English literacy proficiency. Each child in 
a quadruplet was randomly assigned to a different condition, resulting in four groups 
of children with similar English skills in four conditions. Due to absence or illness 
during the test period eight children only completed the general language measures 
and did not participate in the word learning experiment. Analyses were performed on 
the remaining sample of 84 children that completed all phases of the study. The 39 
boys and 45 girls were 11 years and 9 months on average (Range: 11-13 years, SD = 5 
months). There were no significant differences between the four conditions on word 
reading, decoding, spelling and L2 vocabulary, as shown by a MANOVA, F (12,237) = 
0.21, p = .998 (see Table 1).

Design

The current experiment had a 2x2x2 factorial design with orthography (absent or 
present) and translation direction (backward learning or forward learning) as between-
subject variables and target word consistency in spelling (consistent or inconsistent) 
as within-subjects variable. The dependent variables were backward translation, 
forward translation, spelling and reading, and were measured in an immediate and 
delayed post-test. 

English Reading and Spelling Measures

The following measures were used to asses English reading and spelling on which 
experimental conditions were matched.

English Word Reading and Decoding. Word reading and decoding was measured 
with the Sight Word Efficiency and Phonemic Decoding Efficiency subtests of the Test 
of Word Reading Efficiency second edition (TOWRE, Torgesen, Wagner & Rashotte, 
2012). These subtests consist of a list of 108 words for Sight Word Efficiency and a list 
of 66 non-words for Phonemic Decoding Efficiency. The child was given 45 seconds 
per list to read as many words as accurately as possible.

As the children were not native speakers of English and spoke English with a Dutch 
accent in English, experimenters were less stringent on articulation errors. For 
example, the <th> is difficult for Dutch children, so pronouncing the word <thing> 
with the voiceless dental fricative replaced by voiceless labio-dental fricative /f/, 
<fing>, was considered correct, but pronouncing it as a voiced alveolar fricative, 
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<zing>, was considered incorrect. Decoding errors were scored as incorrect, for 
example pronouncing the word <thing> as <think>, as this referred to lexical errors 
and/or errors of English and Dutch graphemes (ng and nk). Experimenters were 
trained by the researchers by scoring two word reading tests and comparing these 
with the scores of the lead experimenter until agreement was reached on how to 
score the pronunciations. The score was the total number of words read correctly, 
with a maximum score of 108 for Sight Word Efficiency and 66 for Phonemic Decoding 
Efficiency. For native English speakers the test is known to be reliable, with an internal 
consistency ranging from .86 to .97 (Hayward, Stewart, Phillips, Norris, & Lovell, 2008).

English Spelling. English spelling ability was measured using a dictation task 
(van Viersen & de Bree, pc). The task consisted of 25 target words embedded in a 
sentence, which the experimenter read aloud to the child. The first 20 words were 
nouns, adjectives and adverbs and the last 5 words were verbs. Words increased in 
word length and complexity (starting with two and ending with mathematician). The 
experimenter read the sentence and subsequently repeated the target word (i.e., 
“This flower looks beautiful – beautiful”). The child wrote down the target word. The 
experimenter scored the answers as either correct or incorrect. The maximum score 
was 25. The reliability of the task was acceptable with a Cronbach’s alpha of .77.

Table 1
Demographics (SD in Months) and Means (SD) of General Language Measures per Condition

Backward Translation Forward Translation

Variable O- O+ O- O+

N 23 20 21 20

Age in years; months 11;9 (4) 11;9 (5) 11;9 (6) 11;10 (6)

Percentage Girls 52% 50% 52% 60%

L2 Spelling 4.96 (2.25) 5.4 (4.01) 5.14 (2.74) 4.65 (2.68)

L2 Word Reading 55.56 (9.27) 55.20 (11.43) 55.05 (10.87) 55.00 (10.64)

L2 Decoding 38.13 (11.52) 36.60 (9.60) 37.33 (8.67) 36.80 (8.75)

L2 Vocabulary 39.09 (5.66) 39.7 (6.11) 38.52 (6.1) 38.55 (6.29)

Note. O- = no orthography; O+ = orthography available.
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Word Learning Task

Stimuli. The task consisted of 6 consistent and 6 inconsistent target words of one or 
two syllables. The words were selected from the lexical database with age of acquisition 
(AoA) ratings (Kuperman, Stadthagen-Gonzalez, & Brysbaert, 2012). To ensure that 
the English target words were unknown to the children, words were selected with an 
AoA rating between 12.5 and 13 years for native English speakers. This age range was 
slightly above the age of the children included in the study. We selected only adjectives 
and nouns with a straightforward Dutch translation (e.g., the word froth and its Dutch 
translation schuim was included, but fritter was excluded because it does not have a 
clear Dutch translation). Furthermore, cognates were excluded (e.g., the English wasp 
and Dutch wesp), as well as words that were homophones with a Dutch word (e.g., 
English beat and Dutch biet [meaning beetroot in English] or an English word [e.g., feat 
and feet in English]). This resulted in a list of 20 words.

The selected target words were coded for the consistency of their English spellings 
by using sound-spelling rules as reported by van Berkel (2006). Words with a spelling 
that can be correctly predicted from the pronunciation using GPC rules were coded 
as consistent (e.g., lilt); words with a spelling that that cannot be predicted from GPC 
rules were coded as inconsistent (e.g., the /i:/ in peat is spelled <ea> but this sound can 
also spelled as <ie>, <e>, <ey> or <ei> as in field, he, key, seize). In addition, the words 
were translated to Dutch using Google Translate. For words with multiple translations 
the shortest word with the highest frequency in Dutch was chosen. 

A pilot word learning experiment with 41 students was conducted to test the difficulty 
of learning 20 words in total (data available on request). Learning 20 words in such a 
short time proved to be very difficult for the students. Based on the pilot results we 
selected 6 consistent and 6 inconsistent words that were of intermediate difficulty 
to acquire. The AoA of the Dutch translations of these 12 target words ranged from 
5.94 to 10.59 years, indicating that the Dutch words were likely to be known by the 
students (Brysbaert, Stevens, De Deyne, Voorspoels, & Storms, 2014). English words 
were low in frequency (on average 0.22 per million). There were no differences 
between the consistent and inconsistent target words in terms of English and Dutch 
AoA, frequency, letter count, and syllable (see the Appendix for the word list and 
details).

Overall the AoA of the English target words was higher than their translations. This 
is due to the fact that the English target words were often low-frequent synonyms of 
high-frequent words, such as prudent, which is a low-frequent synonym for careful. 
For these low-frequent words, the chosen Dutch translation has a high frequency, 
in this case voorzichtig (which could be translated as both prudent and careful). It is 
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important to note that for some target words the Dutch translation was a cognate 
with an English word. This was unavoidable, because our selection criterion was that 
the English word was unknown whereas the accompanying Dutch word was well-
known to the students. English and Dutch share a high number of cognates. For 
example, the word tempest is translated into storm, which is both a Dutch translation 
and an English synonym for tempest. However, this presence of cognates does not 
pose a problem for the interpretation of the findings in the current experiment. 
Since the students had no prior associations between the English tempest and the 
Dutch storm, it is unlikely that they already associated the English tempest with the 
English storm. This was also evident from the fact that in the forward translation task 
none of the students gave the English word storm as a translation for the Dutch word 
storm. We therefore assume that students only learned the correct L2-L1 association. 
Most importantly, the main goal of this experiment was to investigate the effects of 
availability of orthography, and the manipulation of orthography pertains only to the 
English target word and not to the Dutch translation of that word.

Design of the task. The goal of the task was to learn the translation of 12 target 
words. Students were familiarized with the translation of each target word in one 
exposure trial followed by four training trials in which the student translated the word 
and received feedback. The target words were divided in 2 sets, each containing 3 
consistent and 3 inconsistent words. The sets were presented in blocks of 6 exposure 
or training trials. The word learning task started with a block of exposure trials 
for the first set, followed by a block of training trials for the first set. The task then 
continued with a block of exposure trials for the second set, followed by a block of 
training trials for that set. For the remainder of the task, the first and the second sets 
were alternated in each block of training trials, until each word was presented in 4 
training trials. The task, administered on a computer, was programmed in E-Prime 2.0 
(Psychology Software Tools, Pittsburgh, PA). 

In the no orthography condition the English spelling was never shown during the 
trials, while in the orthography available condition, the English spelling accompanied 
the English pronunciation every time. In the forward learning conditions, the words 
were always translated from Dutch to English (e.g., “What is the English word for 
voorzichtig?”), while in the backward translation learning conditions, words were taught 
and practiced from English to Dutch (e.g., “What is the Dutch word for prudent?”).

Additionally, the type of response in the forward translation learning condition 
and backward translation condition differed. In the forward learning condition 
children were asked to say their answer out loud, whereas in the backward learning 
condition children were asked to type in their answer. These responses were chosen 
to match the modality in which words were presented in the learning trials. In the 
forward translation learning condition, the English word was always heard (but not 
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always seen), therefore students were asked to give the English pronunciation. In 
the backward learning condition, the Dutch word was always seen (but not heard), 
therefore students were asked to give the Dutch spelling.

Exposure Trials

Forward learning condition. The exposure trial in the forward learning condition 
started with a fixation cross (500 ms) followed by the written form of the Dutch word 
(3000 ms). Subsequently, the audio of the English word was presented either with 
orthography (orthography condition) or without (no orthography condition) (see 
Figures 1a and 1b). The student had to repeat the target word to the experimenter, 
to make sure that the student was able to pronounce the words. If the pronunciation 
was correct, the experimenter started the next trial. If the pronunciation was 
incorrect, the experimenter gave the correct pronunciation and the student repeated 
the pronunciation until it was correct. A second repetition was rarely necessary.

Backward learning condition. An exposure trial in the backward learning condition 
started with a fixation cross for 500 ms, followed by the pronunciation of the English 
target word accompanied by the English spelling (orthography condition) or not (no 
orthography condition) for 3000 ms (see Figures 1c and 1d). Then the Dutch translation 
was shown for 3000 ms for both conditions.

Training Trials

Forward learning condition. A training trial in the forward learning condition (see 
Figure 2a) started with a 500 ms fixation cross, followed by the written Dutch target 
word (for 3000 ms). Students then had to say the English translation out loud to the 
experimenter. The experimenter said whether the answer was correct or incorrect 
and pressed a corresponding button to present a screen with the word “correct” 
or “incorrect” and the correct English pronunciation for 2000ms. The feedback was 
accompanied by the English spelling in the orthography condition, but not in the no 
orthography condition. 

Backward learning condition. Training trials in the backward translation condition 
started with a 500 ms fixation cross, followed by the pronunciation of the target 
word. In the orthography present condition, the pronunciation was accompanied 
by the English spelling for 3000 ms. Then in both conditions, the student was asked 
to type the Dutch translation and confirm the answer with the enter key. After the 
student entered the translation, feedback was shown for 2000 ms. If the answer was 
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incorrect, the incorrect answer was shown in red with the correct answer underneath 
in green. If the answer was correct, feedback consisted of only the correct answer in 
green letters.

Learning procedure. Before each phase the instructions for the student were 
shown on-screen and explained by the experimenter. Preceding the actual learning 
task, the task was practiced with simple English words that were already known by 
the students. These words were bike and easy, which are translated in Dutch as fiets 
and makkelijk. For each word, 2 training trials were given, without exposure trials. 
These training trials were identical to the training trials of the condition the student 
was assigned to. If students did not have any questions after the training trials, they 
continued with the task proper, starting with the first block of exposure trials. Trials 
within a block followed each other automatically, while in between blocks there was 
a short self-paced break. 

Post-Test Measures

Backward translation test. A fixation cross was presented for 5000 ms followed by 
the English pronunciation for one of the target words. The students were then asked 
to type in the Dutch translation. The score was the number of accurate translations 
with a maximum score of 12. Answers with small spelling errors (only 1-2 incorrect 
letters that did not result in a different Dutch word, for example if students spelled 
<vorzichtig> instead of <voorzichtig>) were scored as correct, as Dutch spelling ability 
is not the intended measured construct in this experiment. Students did not receive 
feedback. 

Forward translation test. In the forward translation measure students were 
presented with a fixation cross for 5000 ms, followed by the Dutch written target 
word. They had to say the English translation out loud, which was scored by the 
experimenter as correct or incorrect, using the same rules as during the reading 
task. The score was the number of correct translations with a maximum score of 12. 
Students did not receive feedback.

Spelling. Spelling was measured in a dictation task. The pronunciation of the target 
word was given and students had to type the correct English spelling. If the word was 
spelled entirely correct, 1 point was given, resulting in a maximum score of 12.
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Figure 1. Timelines of the exposure trials for the Forward Learning with (a) and with-
out (b) and Backward Learning conditions with (c) and without (d) orthography. The 
speaker symbol indicates that the pronunciation was presented auditorily.
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Figure 2. Timelines of the training trials for the Forward Learning Condition with (a) and without 
(b) orthography and Backward Learning Condition with (c) and without (d) orthography. The left 
side of the feedback screens was shown when the student answered correctly and the right 
side was shown if the student answered incorrectly. The speaker symbol indicates that the 
pronunciation was presented auditorily.
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Reading. Students were given a sheet containing a list of the 12 target words in a 
randomized order and were asked to read the words aloud. They were instructed 
that they should only focus on accuracy and that they did not have to read as fast 
as possible. Student’s pronunciations were recorded and the pronunciation for each 
word was scored as either correct or incorrect using the same considerations as in 
the English reading tasks. 

Procedure

Prior to data collection, approval was obtained from the Ethics Review Board of the 
Faculty of Social and Behavioural Sciences of the University of Amsterdam (project 
number 2016-CDE-6529). The study consisted of three sessions. All sessions were 
completed individually in a quiet room in the school with the experimenter.

In the first session background measures were administered. The background 
measures were administered in the following order: Dutch word reading and decoding, 
English word reading and decoding, English vocabulary, and English spelling. This 
session lasted 30 minutes.

The second session included the word learning task, which took around 30 minutes. 
The experimenter provided instructions about the task to each student individually 
and answered any questions the student had. After the task students completed 
a short distraction task. This was a computerized Digit Symbol Substitution Task 
(Wechsler, 2008), which took about 90 seconds. The distraction task was immediately 
followed by the post-tests. The post-tests consisted of backward translation, forward 
translation and spelling, in that order. Students were instructed to try and remember 
the words for the next day, but to not actively study the words at home.

The delayed posttests were administered one day after the word learning task in the 
third session. During the delayed posttest the same tasks were administered, followed 
by an additional reading task. The reading task was administered last and only on the 
delayed posttest to ensure that students in the no orthography condition had no 
exposure whatsoever to the orthography of the words before the other posttests had 
been done.
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Results

Mean scores and standard deviations in the various conditions on the spelling and 
reading posttests are presented in Table 2. There were no outliers on post-test 
measures, according to our criterion of a score of more than 3.29 standard deviations 
from the mean (Field, 2013). 

The presentation of the results starts with the effects of orthography on 
orthographic learning, as measured by spelling and reading. This analysis can 
be regarded as a manipulation check, because a prerequisite  for  investigating 
whether  orthography  promotes translation learning is that orthographic learning 
actually takes place. Then the effects of the availability of orthography on the 
translation measures are examined in relation to the three specific questions. In 
these analyses we focused on whether effects of orthography differed depending 
on the translation direction at post-test, the consistency of the word’s spelling, and 
whether words were learned using backward translation or forward translation.

Spelling and reading

Spelling. Spelling accuracy of the target words was assessed to check whether the 
manipulation of orthography was successful. Spelling performance was analysed 
in a Repeated Measures ANOVA with the between-subjects conditions presence of 
orthography (orthography present vs orthography absent) and learning condition 
(forward learning vs backward learning. The within-subjects conditions were 
consistency (consistent spelling vs inconsistent spelling), and time (immediate post-
test vs delayed post-test). As expected, hardly any words were spelled correctly if 
orthography was not present during learning (see Table 2). The ANOVA showed that 
exposure to orthography greatly improved the spelling, F (1, 80) = 141.59, p < .001, η²p 
= .64, and that the words were spelled better on day 2 than on day 1, directly following 
the word learning task, F (1,80) = 18.32, p < .001, η²p = .19. The effects of orthography 
and time were qualified by an interaction between presence of orthography and time, 
showing that the increase in spelling scores was only found in the condition in which 
orthography was present, F (1,80) = 13.72, p < .001, η²p = 0.15. Simple effects showed 
that spelling improved between day 1 and 2 if students had seen the orthography, 
F (1,80) = 30.45, p < .001, η²p = .28, but stayed the same if orthography had not been 
available, F (1,80) < 1, ns.

We also found that consistent words were spelled better than inconsistent words, F 
(1, 80) =177.42, p < .001, η²p = 0.69, but this effect was qualified by an interaction with 
exposure to orthography, F (1, 80) = 4.87, p = .032, η²p = .056. In the no orthography 
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condition, consistent words were spelled significantly better than inconsistent words, 
F (1,80) = 65.00, p < .001, η²p = .45. When orthography was present, consistent words 
were also spelled better than inconsistent words, but the effect sizes indicate that the 
difference between consistent and inconsistent words was larger, F (1,80) = 114.87, 
p < .001, η²p = .59. Overall, this indicates that consistent words benefited more from 
orthography than the inconsistent words. None of the other effects, including the 
difference between the learning conditions, were significant.

Reading. The reading test was administered to evaluate orthographic learning and 
whether students could produce the correct pronunciation from the orthography. 
Reading accuracy was analysed using an ANOVA, with the independent variables 
presence of orthography, consistency, and learning condition. As expected, learners 
that were exposed to the orthography of the words read the target words better 
than learners that had not seen the orthography, F (1, 80) = 31.48, p < .001, η²p = .28. 
Similar to the spelling outcomes, consistent words were read better than inconsistent 
words, F (1,80) = 21.24, p < .001, η²p = .21. This effect was qualified by an interaction 
with orthography, F (1, 80) = 5.79, p = .018, η²p = .07. Inconsistent words benefited more 
from the presence of orthography, F (1,80) = 41.46, p < .001, η²p = .34, than consistent 
words, possibly due to the fact that consistent words were already read quite well in 
the no orthography condition, F (1,80) = 10.11, p = .002, η²p = .11.

Table 2
Average Number of Correctly Spelled and Read Words (SD) per Condition

Backward Learning
Condition

Forward Learning
Condition

Test Word type O- O+ O- O+

Spelling day 1 Inconsistent 0.19 (0.51) 2.25 (1.55) 0.26 (0.54) 2.35 (1.84)

Consistent 1.67 (1.24) 4.55 (1.19) 1.61 (1.08) 4.30 (1.75)

Spelling day 2 Inconsistent 0.24 (0.54) 2.80 (1.61) 0.26 (0.54) 3.15 (1.63)

Consistent 1.90 (1.22) 5.00 (0.97) 1.48 (1.27) 4.65 (1.57)

Reading day 2 Inconsistent 3.87 (1.01) 5.25 (0.85) 4.24 (0.95) 5.35 (0.67)

Consistent 4.65 (1.19) 5.40 (1.04) 5.05 (1.07) 5.70 (0.57)

Note. O- = no orthography; O+ = orthography available.
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Effect of Availability of Orthography on Translation learning

Next, we move on the main question of whether the availability of orthography 
facilitated learning the translations. The effects of orthography on both the forward 
and backward translation measures were analysed to assess whether orthography 
affected learning the translation. With regard to the first question, if orthography 
facilitated learning the translation (either directly or indirectly through learning the 
pronunciation), we expected an effect on both forward and backward translation. 
If orthography only facilitated learning the pronunciations, we expected an effect 
on only forward translation but no effect on backward translation. Furthermore, if 
orthography mainly facilitates learning the pronunciation, it is likely that the effect 
of orthography also depends on the consistency of words. Therefore, in the second 
question we examine the effects of consistency on translation learning and the 
interaction of consistency with translation direction at post-test. Finally, we report on 
the interaction between direction of learning and direction of testing.

The translation outcomes at post-test were analysed using a Repeated Measures 
ANOVA. The independent variables were the between-subjects conditions presence 
of orthography (orthography present vs orthography absent) and learning condition 
(forward learning vs backward learning). The within-subjects conditions were 
translation direction at post-test (forward translation vs backward translation), 
consistency (consistent spelling vs inconsistent spelling), and time (immediate post-
test vs delayed post-test). Below, the main effects and interactions of interest are 
discussed. For the translation measures, there was no effect of time, F (1, 80) = 0.88, 
p = .352) and time did not interact with any of the variables. Therefore, the average 
scores of day 1 and 2 are reported here (see Table 3).

Table 3
Average Number (SD) of Words Correctly Translated to Dutch and English per Condition

Backward Translation 
Condition

Forward Translation
Condition

Test Word type O- O+ O- O+

Forward
Translation Inconsistent 0.98 (1.03) 1.55 (1.28) 2.10 (1.29) 1.80 (1.28)

  Consistent 0.79 (0.93) 2.25 (1.66) 1.83 (1.17) 2.20 (1.63)

Backward
Translation Inconsistent 2.52 (1.65) 3.03 (1.69) 2.95 (1.08) 2.98 (1.27)

Consistent 2.39 (1.43) 3.15 (1.61) 2.19 (1.24) 2.55 (1.77)

Note. O- = no orthography; O+ = orthography available.
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Effects of Availability of Orthography on Forward and Backward Translation. 
The overall effect of orthography on providing the translation approached 
significance, F (1,80) = 3.47, p = .066, η²p = .04, implying a trend for target words to be 
translated correctly more often when orthography was available than when it was 
not. Orthography did not interact with translation direction at post-test, so the effect 
of orthography seemed to be equal for translating words from English to Dutch or 
from Dutch to English, F (1,80) = 0.37, p = .542. This finding is most in line with the 
hypothesis that orthography has a direct effect that is not mediated by phonology. 

However, if orthography does have an indirect effect on learning the translation, 
whether the word is spelled with a consistent or inconsistent spelling should also 
matter. The interaction of orthography with consistency was significant, F (1,80) = 
5.03, p = .028, η²p = .06. Simple effects analysis showed that availability of orthography 
did not facilitate translating inconsistent words, as can be seen in Figure 3, F (1,80) = 
0.55, p = .461. For consistent words on the other hand, more words were translated 
correctly when orthography was available than when it was not, F (1,80) = 6.60, p 
= .012, η²p = .08. Therefore, availability of orthography only benefited the consistent 
words, but not the inconsistent words. Availability of orthography did not interact 
with whether the post-test consisted of forward translation or backward translation, F 
(1,80) = 0.37, p = .542, nor did orthography interact with the learning condition F (1,80) 
= 1.99, p = .162.
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Figure 3. Average number of correct translations for consistent and inconsistent 
words in the no orthography and orthography condition. Error bars represent 
standard deviations.
* p <.05
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Whether target words were consistent or inconsistent also interacted with whether 
the post-test consisted of forward translation or backward translation, F (1,80) = 9.56, 
p = .003, η²p = .11. The interaction between consistency and post-test reflects an effect 
regardless of whether orthography was available or not. However, interpretation of 
the interaction effect of consistency and post-test is not meaningful, because students 
in the no orthography condition could not know which words were inconsistent and 
which words were not. Although the three-way interaction between type of post-test, 
consistency, and orthography only approached significance, F (1,80) = 2.44, p = .108, 
we decided to examine the interaction in more detail in two separate ANOVAs for the 
no orthography and the orthography condition.

We analysed the interaction of consistency with translation direction at post-
test separately in the orthography condition and in the no orthography condition. 
Therefore, we carried out two separate ANOVAs. The between-subject condition 
was learning condition, and the within-subject conditions were translation direction 
at post-test, consistency, and time. As expected, for students who did not see the 
orthography there was no interaction effect between post-test and consistency, 
F (1,42) = 1.11, p = .299, whereas for students who did see the orthography, the 
interaction between post-test and consistency was significant, F (1,38) = 10.83, p = 
.002, η²p = .22. In the orthography condition, when forward translation was used in 
the post-test, performance on consistent words was significantly higher than on 
inconsistent words, F (1,38) = 6.05, p = .019, η²p = .14 (see Figure 4). When backward 
translation was used in the post-test, consistent and inconsistent words did not differ 
significantly, F (1,38) = 0.35, p = .557.

Orthography 

0 

1 

2 

3 

4 

5 

6 

Backward Test Forward Test Backward Test Forward Test 

No Orthography Orthography Available 

Consistent Inconsistent 

*ns

Figure 4. Average number of correct translations on the backward translation and 
forward translation post-tests for consistent and inconsistent words in the no 
orthography and orthography condition. Error bars represent standard deviations.
* p < .05 
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In the no orthography condition, there was a main effect of translation direction 
at post-test: Forward translation was more difficult than backward translation, 
F  (1,42)  =  93.02, p < .001, η²p = .69. There was also a main effect of consistency, 
F (1,42) = 7.89, p = .008, η²p =.16. Against our expectations, consistent words were more 
difficult to translate than inconsistent words. This contrasts with the findings in the 
orthography condition, in which consistent words were easier, especially when forward 
translation is used. This indicates that students benefited more from orthography in 
translating consistent than inconsistent words, and more so for forward translation 
than for backward translation.

Forward and Backward Translation Learning. For the third question we examined: 
Does performance on the translation task improve if the translation direction of the 
post-test is the same as the direction that words were learned in? During the word 
learning experiment, students either practiced the words using backward translation 
or forward translation. Afterwards, all students completed two translation tasks, a 
forward translation post-test and a backward translation post-test. There was no 
main effect of learning condition, F (1,80) = 0.93, p = .337, but as expected, forward 
translation at post-test was more difficult than backward translation, F (1,80) = 117.64, 
p < .001, η²p = .60. The main effect of translation at post-test was qualified by an 
interaction between learning condition and post-test, F (1,80) = 13.38, p < .001, η²p = 
.14. As can be seen in Figure 5, when the translation direction at post-test consisted of 
forward translation, performance was better in the forward learning condition than 
in the backward learning condition, F (1,80) = 5.68, p = .019, η²p = .07. When the post-
test consisted of backward translation on the other hand, there was no significant 
difference between learning conditions, F (1,80) = 0.13, p = .719. So if learning condition 
and post-test matched, this had a positive effect on scores for forward translation 
measures, but this congruency effect did not affect scores for backward translation.
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Figure 5. Average number of correct translations on the forward and backward trans-
lation post-test per learning condition. Error bars represent standard deviations.
* p < .05

Discussion

In this study we assessed whether word learning of second language learners is 
influenced by the availability of orthography and whether this potential effect of 
orthography is direct or indirect, or perhaps limited to merely learning the phonology. 
If orthography acts as an additional cue for retrieval, the effect would be direct. If 
orthography supports learning the pronunciation through orthographic mapping, 
which is subsequently connected to the meaning of the word, the effect would be 
indirect. We addressed this question by carrying out a word learning experiment 
in which Dutch Grade 6 students learned translations of a set of words either with 
orthography present or not present. The word list contained consistent (e.g., lilt) and 
inconsistent words (e.g., quaint). Direction of translation was manipulated during 
the learning trials, as students were taught the words either in a forward learning 
condition or a backward learning condition. To disentangle whether students learned 
the actual translation or just the pronunciation of the words, students were asked at 
posttest to translate the words both from Dutch to English (forward translation) and 
from English to Dutch (backward translation). Orthographic learning was assessed 
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with a reading and a spelling test. Before considering the effects of availability of 
orthography on learning the translation, we examine its effects on orthographic 
learning.

Availability of orthography had a positive effect on orthographic learning, as both 
spelling and reading of the words at posttest was better if orthography was available 
during learning. Spelling consistent words improved more from this availability than 
spelling inconsistent words. The finding that availability of orthography strengthened 
the spelling of words even with just 5 incidental exposures of the orthography shows 
that the manipulation in the current experiment was successful and that students 
paid enough attention to the written words to acquire orthographic knowledge. 
Moreover, we found that the orthographic representations of consistent words were 
stronger than those of inconsistent words. This is in accordance with the prediction 
from the self-teaching hypothesis (Share, 1995) that orthographic representations 
are acquired by phonological recoding of the written word. Phonological recoding is 
deemed easier for words with a spelling that is consistent with its pronunciation, as 
opposed to words with an inconsistent spelling (e.g., Wang, Castles, & Nickels, 2012).

Orthographic learning was also evident in the higher accuracy of word reading aloud 
by students who had learned words with orthography than those who had done so 
without orthography. The availability of orthography strengthened the relationship 
between the written word and its pronunciation in memory. Although previous word 
learning experiments have not administered reading aloud measures (Chambré et 
al., 2017; Jubenville et al., 2014; Miles, Ehri, & Lauterbach, 2016; Ricketts et al., 2009; 
Rosenthal & Ehri, 2008), our findings are in line with orthographic learning studies 
that have shown positive effects of orthography on reading speed (Cunningham, 
Perry, Stanovich, & Share, 2002; de Jong & Share, 2007). Interestingly, in our study, 
the availability of orthography during learning improved reading aloud accuracy in 
both the backward and forward learning condition. Words were never read aloud in 
either of these learning conditions. Nevertheless, in the forward learning condition 
students practiced the pronunciation. This was not the case in the backward learning 
condition. The occurrence of the reading aloud effect in both learning conditions 
suggests that phonological recoding is an automatic process for these students and 
that explicit practice of the pronunciation is not necessary for acquiring orthographic 
knowledge. This result is in agreement with results from orthographic learning studies 
showing that orthographic learning occurred during both oral and silent reading (de 
Jong, Bitter, van Setten, & Marinus, 2009; de Jong & Share, 2007). So our findings 
show that even when the pronunciations and spelling were not practiced, but only 
incidentally perceived by the students, the connection between the written word and 
its pronunciation was strengthened. 
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Turning to translation, we found a trend for availability of orthography to facilitate 
providing the translation, regardless of whether forward or backward translation had 
to be used. Even though this main effect was not significant (p = .066), we had specific 
reasons to explore whether availability of orthography interacted with translation 
direction at post-test, consistency, and translation direction during learning. We were 
interested in these interactions since they can provide insight into how orthography 
might facilitate translation learning. There was no interaction between the effect of 
orthography with translation direction of the post-test, so it seems that both forward 
and backward translation were affected similarly by orthography. Even though this 
finding is in line with the hypothesis that orthography directly affects acquisition of 
semantics (in the current study: translation), either directly or mediated by phonology, 
there are a number of indications that point to an interpretation that this effect might 
primarily be mediated by phonology: The effect of orthography depended on whether 
words had a consistent or an inconsistent spelling, and consistency interacted with 
the type of post-test.

We found that the availability of orthography facilitated translation of the consistent 
words, but not the inconsistent words. This is an indication that orthography 
facilitated providing the translation, but only when the orthography could easily be 
mapped onto the phonology. The finding that orthography had a greater effect on 
consistent than inconsistent words supports the interpretation that any effects of 
orthography on acquiring the forward translation would be mediated by phonology. 
If orthography could affect learning the translation directly, the relationship between 
orthography and phonology would not matter.

The difficulty of mapping orthography to phonology for inconsistent words might be 
exacerbated for students in our study if they were using L1 spelling strategies to read 
these L2 words, as has been reported previously (Figueredo, 2006). Using L1 spelling 
strategies would be especially problematic for the inconsistent words. For example, 
the consistent word lilt would be spelled the same if Dutch spelling rules would be used, 
but the inconsistent word quaint is not (using Dutch spelling rules, quaint would be 
spelled as kweent). This inconsistency thus adds complexity to orthographic mapping 
for inconsistent words in L2. Consequently, the pronunciations of inconsistent words 
might not be encoded correctly in memory.

The interaction of consistency with type of post-test also indicates that the effect of 
orthography on acquiring meaning is likely mediated by phonology. As expected, 
this interaction was not significant when orthography was not available, but it was 
significant when orthography was available: Performance was higher for consistent 
than for inconsistent words, but only when words had to be translated from Dutch to 
English. For English to Dutch translations there was no difference between consistent 
and inconsistent words. So if it is easy to map the orthography to the phonology 



Chapter 2

68

(i.e., consistent words), availability of orthography facilitates performance when the 
required response is also the correct phonology (i.e., forward translation). If it is more 
difficult to map the orthography to the phonology (i.e., inconsistent words), availability 
of orthography does not make it easier to provide the correct phonology. As the three-
way interaction of orthography, post-test and consistency was not significant, this 
interpretation should be treated with caution. However, the consistency effect does 
resemble the moderating effect of consistency for monolingual learners reported 
earlier by Jubenville et al. (2014). They found that pronunciation recall benefitted more 
from orthography if the word had a consistent spelling than an inconsistent spelling. 
Thus in general, it seems that the underlying mechanism of orthographic facilitation 
is mapping the orthography to the phonology, and the effect is most prominent when 
the English translation has to be provided. Since orthographic mapping is easier for 
consistent words, this would result in higher translation scores for consistent words 
on forward translation.

For backward translation, the trend for a main effect of orthography suggests that 
orthography facilitated learning the translation regardless of translation direction. On 
the other hand, the findings also show that availability of orthography only facilitates 
forward translation, but not backward translation. Compared to measures in L1 
studies, backward translation is most comparable to measures of receptive vocabulary, 
such as matching the word to the correct picture (Jubenville et al., 2014; Ricketts et 
al., 2009) or providing its definition (Chambré et al., 2017; Miles et al., 2016), or both 
(Rosenthal & Ehri, 2008). The results of these L1 word learning experiments show 
that orthography does not facilitate learning the meaning of words when meaning is 
measured as receptive vocabulary (Chambré et al., 2017; Jubenville et al., 2014; Miles 
et al., 2016; Ricketts et al., 2009; Rosenthal & Ehri, 2008). In that sense the finding of 
the main effect of orthography (for both forward and backward translation) is less 
in line with previous L1 studies than the outcomes of the interactions. However, it is 
unclear to what extent backward translation and receptive vocabulary measures are 
comparable. The learning process in our L2 study is perhaps more similar to a verbal-
verbal paired associate learning task than learning the meaning of a new concept 
(Litt, de Jong, van Bergen, & Nation, 2013), as is often the case in L1 studies. Possibly, 
orthography facilitates verbal-verbal learning, regardless of translation direction.

Similar to other studies on translation direction (Mondria & Wiersma, 2004; Steinel 
et al., 2007; Webb, 2009), we found that forward translation was more difficult 
than backward translation. This makes sense, as more precise word knowledge is 
needed for forward translation than backward translation. However, performance 
on the translation tests also depended on the direction that words were learned 
in. Performance in the forward translation task, which was difficult, was better if 
students also learned the translations using forward translation rather than using 
backward translation. Correspondence between learning condition and test was thus 
beneficial for forward translation, supporting the idea that learning translations in 
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the same way as they are tested is optimal. In contrast to previous studies (Mondria 
& Wiersma, 2004; Webb, 2009), performance on backward translations was equal for 
both learning directions. These results are partly in line with the findings of Steinel 
et al. (2007), who found that the correspondence effect was smaller for backward 
translation than for forward translations. 

The lack of a congruency effect in backward translation might be attributed to 
differences in difficulty between backward and forward translation. To learn the 
correct forward translation, a student has to learn to link the L2 word to the L1 word 
and to produce the correct pronunciation. To learn the correct backward translation, 
a student also has to learn to link the L2 word to the L1 word, but production of 
the correct pronunciation is not needed. A backward translation task requires a link 
between the L2 and L1 translation and this link is acquired during backward and 
forward translation learning. On a forward translation task also the pronunciation of 
the L2 word has to be provided and this is only practiced during forward translation 
learning.

Limitations

This study contains some limitations. Earlier studies on orthographic facilitation 
mostly compare two conditions (orthography present or orthography absent), 
and occasionally include a comparison for words with a consistent spelling or an 
inconsistent spelling. The current study however, added two extra factors: Translation 
direction during learning (forward learning or backward learning) and translation 
direction at posttest (forward translation or backwards translation). This resulted in 
the current design with possible three- or four-way interaction effects. However, it is 
likely that the power to detect those interactions is limited. We found, for example, 
that orthography interacted with consistency, and consistency in turn interacted with 
type of post-test. However, the three-way interaction of orthography, consistency and 
post-test did not reach significance. Although the results do show a clear pattern, it is 
important to replicate these results.

A second limitation relates to the difference between translation learning in L2 and 
word learning in L1. In itself, it is important to know how orthography influences 
acquisition of the translation, since translation learning corresponds with how 
new words are often learned in L2 education (Hulstijn, 2001). However, we should 
acknowledge that learning a translation is (partly) different from actually acquiring 
a new concept or meaning for an unknown word. Therefore, we should be careful 
in extending the current findings of how orthography relates to translation learning 
to implications regarding the relationship between orthography and semantics 
as stated in the lexical quality hypothesis (Perfetti, 2007; Perfetti & Hart, 2002) and 
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connectionist models of reading (Harm & Seidenberg, 2004). Nevertheless, given 
that the overall results of our L2 word learning study are consistent with previous L1 
studies, L2 translation learning and L1 word learning may be reasonably comparable.

Additionally, learning the orthography also differs between L1 and L2, which might 
affect the role that orthography plays in word learning. According to the script-
dependent hypothesis (Geva & Siegel, 2000), reading development is determined by 
the specific features of the orthography. Since students rely on L1 literacy skills to 
read in a foreign language, this can be either beneficial or detrimental depending 
on the combination of the L1 and L2 (Figueredo, 2006; Koda, 2007). In the current 
study, Dutch children had to learn English words, so both the L1 and L2 were 
alphabetic languages. However, the question remains whether similar results would 
be found for students with a non-alphabetic L1. Alternatively, if L1 Dutch students 
learn words in a non-alphabetic language such as Chinese, they might not be able 
to use the orthography to their advantage in the same way, because they process 
the logographic Chinese orthography differently than the alphabetic Dutch or English 
language (Wang, Perfetti, & Liu, 2003). It is therefore important to bear in mind that 
this study was conducted using a specific L1 and a specific L2. Therefore, more studies 
are needed to investigate whether facilitative effects of orthography also generalize 
to different types of L1 and L2.

Finally, a limitation is that students found the word learning task difficult. Nevertheless, 
given that there was growth and that students successfully learned the spelling 
when orthography was present, it is clear that learning did take place. We looked 
at translation learning in a controlled experimental design, which is similar to how 
words are learned in flash card application (Nakata, 2011). However, it would be of 
interest to study orthographic facilitation in a more informal learning context, such 
as learning words from a text or conversation. Interestingly, one of the few studies 
in a more informal learning setting by Mitterer and McQueen (2009) found similar 
results, that is, that orthography supports learning pronunciations. They found that 
students’ L2 pronunciations and spoken word recognition improved after watching 
TV-programs with L2 speech with L2 subtitles. This indicates that the advantage of 
orthography for learning pronunciations is not limited to controlled experiments.

Conclusion

To our knowledge, this is the first study to examine the influence of the availability of 
orthography on translation learning. We found that availability of orthography had a 
clear positive effect on learning to spell and read aloud (pronounce) new L2 words. In 
contrast, the effects of orthography on learning the translations of these words were 
small and dependent on different factors. We found an effect on learning translations 
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for words whose orthography was easy to map on the phonology (consistent words); 
in turn, consistency mainly affected translation when the response also required the 
pronunciation of the word. To sum up, we find some support that orthography also 
seems to affect learning translations, but not in all cases. The best-fitting interpretation 
is that availability of orthography mainly improves the acquisition of pronunciations 
and not their meaning.
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Appendix

Word Characteristics for Consistent and Inconsistent Words

Word
Dutch 

translation
Inconsistent 
graphemes*

Frequency 
per Million English AoA Dutch AoA

Inconsistent

aerie nest <ae> 0.04 13.00  5.94

budgie parkiet <dg> <ie> 0.04 12.90  6.93

furrow rimpel <ow> 0.10 13.00 10.13

quaint vreemd <uai> 0.12 12.79  7.03

haughty arrogant <aught> 0.18 12.93 10.59

ulcer zweer <c> 0.14 12.90 8.59

Consistent

prudent voorzichtig - 0.10 12.88 7.09

lilt wijsje - 0.29 12.76 8.17

humdrum alledaags - 0.02 12.89 9.17

froth schuim - 0.41 12.78 6.53

tempest storm - 0.04 12.88 6.46

pith kern - 1.22 12.83 9.93

Note. * based on van Berkel (2006)
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CHAPTER 4

The Unique Contribution of Vocabulary in the Reading 
Development of English as a Foreign Language

The opaque English orthography complicates learning to read, as irregular words cannot be read 

accurately by decoding, such as in the word pint. Studies with first language (L1) English children 

show that vocabulary facilitates word reading, especially in the case of irregular words. It is unclear 

whether this influence of vocabulary extends to children learning to read English as a foreign 

language (EFL). When learning EFL, words are often encountered in print first, which might make 

orthographic knowledge especially important. Therefore, orthographic knowledge might partially 

account for the effect of vocabulary on irregular word reading. In this study, 455 students in their 

first year of formal English education (Grade 7) were followed. Their English vocabulary, orthographic 

knowledge, and irregular, regular and pseudoword reading skills were assessed in Fall and Spring. 

Concurrent analyses showed that vocabulary contributed more to irregular than to regular or 

pseudoword reading, even when controlling for orthographic knowledge. Additionally, orthographic 

knowledge was related to irregular word reading concurrently, independent of vocabulary. 

Longitudinal analyses showed that vocabulary and orthographic knowledge also had independent 

effects on the development of irregular word reading, but not on regular or pseudoword reading. 

Overall, the predictors for EFL word reading were in line with previous L1 findings. Both EFL and L1 

learners use vocabulary and orthographic knowledge to read irregular words. This suggests that the 

relationship between vocabulary and word reading is due to aspects of the English orthography itself. 

To enable EFL learners to read irregular words, it is important to teach the other constituents of word 

knowledge, that is vocabulary and orthography.

Krepel, A., de Bree, E.H., Mulder, E., van de Ven, M., Segers, E., Verhoeven, L., & de 
Jong, P.F. The unique contribution of vocabulary in the reading development of English as 
a foreign language. Manuscript in revision.
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Introduction

The opaque orthography of English makes it a difficult language to learn to read 
(Aro & Wimmer, 2003). Whereas words such as cat and hat can reliably be decoded 
using grapheme (letter)-phoneme (sound) rules, the English language contains many 
irregular words, which refer to words that do not follow the dominant grapheme-
phoneme correspondences (Bowers & Bowers, 2017). For example, the ‘ea’ in the 
words beach or beast is pronounced differently than in bread or break. As the letter-
sound associations of words are not always straightforward, for many words it is 
difficult to read them by decoding. Often a reader has to know a specific word to read 
it correctly. In this study, we investigated the contribution of vocabulary knowledge to 
learning to read in English as a foreign language (EFL).

Several studies have found that native English-speaking children with a larger 
vocabulary tend to be better at reading. Especially for reading irregular words a 
large vocabulary seems to help (Taylor, Duff, Woollams, Monaghan, & Ricketts, 2015). 
Indeed, vocabulary is correlated more strongly with irregular than with regular 
word reading ability in 8 to 13-year-olds (Nation & Snowling, 2004; Ricketts, Nation, 
& Bishop, 2007), although one study with younger children (6-year-olds) found that 
vocabulary was equally important for regular and irregular word reading (Ricketts, 
Davies, Masterson, Stuart, & Duff, 2016). The connection between vocabulary and 
word reading is also attested in the finding that vocabulary size correlated more 
strongly with irregular word reading than with pseudoword reading in native English 
5 to 12-year-olds (Ouellette & Beers, 2010; Ouellette, 2006; Ricketts et al., 2007). 
Pseudowords can be deciphered by decoding, similar to reading regular words. The 
importance of vocabulary size for reading is also underlined in experimental studies 
with word-level analyses that show that knowledge of a particular word predicted 
whether this word was read accurately (Nation & Cocksey, 2009; Ricketts et al., 2016).

There is also evidence of the importance of vocabulary for the development of 
irregular word reading. In a longitudinal study, Nation and Snowling (2004) found 
that semantic word knowledge at 8 years predicted irregular word reading at 13 
years. Similar findings have been reported in a small sample of 8-9 year old poor 
comprehenders, who had comprehension problems but no problems in decoding 
(Ricketts et al., 2007). After controlling for autoregressive effects, there was a trend of 
these children’s vocabulary to contribute to their irregular word reading 10 months 
later. Possibly, children with a small vocabulary are less proficient in learning new words 
(Cain, Lemmon, & Oakhill, 2004; Penno, Wilkinson, & Moore, 2002). Consequently, 
these children will make less progress in irregular word reading, because this relies 
in part on vocabulary.
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The finding that vocabulary can facilitate irregular word reading is in accordance with 
models of reading (Harm & Seidenberg, 2004; Perfetti & Hart, 2002). For example, 
the triangle model (Harm & Seidenberg, 2004) proposes that words can be read 
through two pathways that are activated in parallel: a direct phonological pathway 
in which orthography activates phonology, and an indirect semantic pathway in 
which orthography activates semantics, which in turn activates phonology. The 
direct phonological pathway is fastest and reflects the grapheme-phoneme mapping 
process. It is most important for reading regular words. The phonological pathway 
is also used for reading irregular words, but for these words, the indirect semantic 
pathway is more important. In this indirect pathway, the orthographic representation 
activates the phonological representation indirectly via the semantic representation. 
Hence, learning a word’s phonological, semantic and orthographic representation is 
essential for irregular word reading. 

Similar to the triangle model, the lexical quality hypothesis (Perfetti & Hart, 2002), 
emphasizes the importance of tight connections between orthographic, phonological 
and semantic representations for word reading. Vocabulary knowledge is also 
important for irregular word reading in the proposal by Elbro and de Jong (2017; 
Elbro, de Jong, Houter, & Nielsen, 2012) about the role of spelling pronunciations 
in reading. According to Elbro and de Jong (2017), the ability to bridge the distance 
between the spelling pronunciation of a written word, the decoded form, and its 
standard pronunciation stored in memory, contributes to individual differences in 
word reading (see also Tunmer & Chapman, 2012). In regular words, the distance 
between spelling pronunciation and standard pronunciation is almost negligible, but 
for irregular words this distance is larger, and it seems almost impossible to get to 
the standard pronunciation without a representation of the word in memory, that is, 
if the word is unknown.

Both empirical studies and theoretical models of reading suggest that vocabulary 
(semantic knowledge) is important for irregular word reading. Consequently, the 
importance of vocabulary for word reading might depend on the transparency of 
the orthography that is read. Learning to read in a more transparent orthography 
is easier as there are relatively fewer irregular words and children can rely more on 
decoding (Aro & Wimmer, 2003). Indeed, even as adults, readers in a semi-transparent 
language, such as German, more often use a decoding strategy compared to English 
readers, who rely more on whole-word recognition (Marinus, Nation, & de Jong, 2015; 
Ziegler, Perry, Jacobs, & Braun, 2001). Accordingly, vocabulary contributes more 
to reading success in the opaque English orthography than in more transparent 
orthographies (German: Suggate, Reese, Lenhard, & Schneider, 2014, Welsh: Spencer 
& Hanley, 2003). This raises the question of whether vocabulary plays a role in word 
reading for children who learned to read in a more transparent orthography and then 
start to read in English.
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When learning to read English as foreign language, learners apply their knowledge 
of their first language (L1). This can lead to positive transfer if the L1 is similar to 
English. It can also lead to negative transfer if the languages differ, and specific English 
orthographic rules or patterns need to be known (Figueredo, 2006). The amount of 
transfer therefore depends on the linguistic distance between the L1 and English, 
which, in turn, is related to the orthographic transparency of a language. EFL learners 
who are used to a more transparent L1 may have greater difficulty learning the opaque 
orthographic rules (Figueredo, 2006). It has been found that proficient bilinguals tend 
to be able to switch between decoding or whole word recognition strategies depending 
on the orthographic transparency of the language they are reading. For example, an 
eye-movement study indicated that French-German bilinguals employed a decoding 
strategy for reading the words in the semi-transparent German language, but for 
reading the words in the more opaque language French they switched to a whole 
word recognition strategy which was presumably more dependent on vocabulary (de 
León Rodríguez et al., 2016). However, little is known about the effect of vocabulary 
on the reading of children who learn EFL. In this study, we investigated whether the 
particular importance of vocabulary for irregular word reading found in L1 English 
readers is also attested in EFL students. 

When studying the effects of vocabulary on EFLs’ word reading, it needs to be 
taken into account how vocabulary might develop differently in EFL compared to L1 
English. In L1, lexical representations of preliterate children consist of a phonological 
and semantic representation, without an orthographic representation. In contrast, 
EFL learners will often be exposed to the orthography of new words right away 
(Bassetti, 2008). This probably leads to the joint learning of orthography, phonology 
and semantics in EFL. As a consequence, orthographic and vocabulary knowledge 
might be related more strongly in EFL than in L1 readers. This raises the question to 
what extent the relationship between vocabulary and irregular word reading can be 
accounted for by orthographic knowledge.

It is generally believed that reading and spelling ability depend on the same 
orthographic lexicon (Jones & Rawson, 2016; Purcell, Jiang, & Eden, 2017). Therefore, 
spelling is often taken as an indicator of orthographic knowledge (e.g., Gangl, et 
al., 2018). Following Share’s self-teaching hypothesis (Share, 2008), orthographic 
knowledge is acquired through repeated decoding irrespective of the regularity of 
the word, although irregular words might need more decoding attempts than regular 
words to get to the same amount of orthographic knowledge (e.g., Wang, Nickels, 
Nation, & Castles, 2013). Indeed, L1 studies that looked into the relationship between 
orthographic knowledge and reading showed that orthographic knowledge correlated 
more strongly with irregular word reading than with pseudoword reading. This was 
found when orthographic knowledge was derived from the amount of print exposure 
(Griffiths & Snowling, 2002) or measured by orthographic choice tasks (Castles, Datta, 
Gayan, & Olson, 1999; Manis, Seidenberg, Doi, McBride-Chang, & Petersen, 1996; 
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Ricketts et al., 2007; Roman, Kirby, Parrila, Wade-Woolley, & Deacon, 2009). Because 
none of the studies on the role of vocabulary in learning to read English controlled 
for the possible confounding effect of orthographic knowledge, it is not entirely 
clear whether vocabulary and orthographic knowledge have independent effects on 
irregular word reading, or whether the effect of vocabulary on irregular word reading 
is due to orthographic knowledge. 

Present Study

In this study we investigated whether vocabulary is more important for irregular 
than for regular word reading and pseudoword reading in EFL, while controlling for 
orthographic knowledge. We also examined the effects of vocabulary and orthographic 
knowledge on the (short-term) development of word reading. EFL vocabulary, 
orthographic knowledge and reading skills of Dutch Grade 7 students were assessed, 
at the beginning of the schoolyear. Word reading skills involved both reading accuracy 
and reading fluency. All students had learned to read in Dutch, a semi-transparent 
orthography (Borgwaldt, Hellwig, & de Groot, 2005). Their EFL reading skills were 
measured again 4-5 months later. We expected that students would read the regular 
words by decoding but would rely more strongly on vocabulary and orthographic 
word knowledge to read irregular words. Consequently, in the beginning of Grade 
7 the contributions of vocabulary would be larger for reading irregular than regular 
or pseudowords, even after controlling for orthographic knowledge. With respect to 
reading development, we expected that vocabulary would contribute more to the 
development of irregular than to the development of regular or pseudoword reading 
throughout the seventh grade.

Methods

Participants

In this study 503 students participated from 18 classes across 7 schools in the 
Netherlands. Only the 485 students that completed all measures at both Time 1 
and Time 2 were selected. The 30 students who reported speaking English with their 
parents or caregivers were excluded. The final sample consisted of 455 students (246 
boys, 209 girls), with a mean age of 12 years and 7 months (Range = 11-13 years, SD 
= 5 months). Of these 455, 118 students (26.5%) did not have Dutch as their native 
language, and 35 (7.9%) did not speak Dutch with their parents or caretakers. However, 
all students were proficient Dutch speakers and outcomes from the analyses did not 
change depending on including or excluding this group: They were included in the 
analyses. In the Netherlands, Grade 7 is the first year of high-school and the start of 
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formal English education. Students typically receive 135 to 180 minutes of English 
instruction weekly by teachers with an English degree.

All except for 7 students had some English classes in primary school, starting mostly 
in Grade 5 (54.6%). From Grade 5, English education is obligatory in the Netherlands, 
however there are considerable differences in the quality and quantity of English 
instruction in primary school compared to secondary school (Thijs, Trimbos, Tuin, 
Bodde, & De Graaff, 2011). Lessons are focused on oral proficiency and are mostly 
(86%) taught for 30-60 minutes per week by the class teacher who instructs students 
in all subjects. In general, these class teachers are non-native speakers with limited 
training in English instruction. On the other hand, English teachers in secondary 
education are trained for English instruction and often only teach English. Therefore, 
Grade 7 students can generally be regarded as beginning EFL learners. Parents of all 
students were informed of the study and could refuse participation of their child.

Materials

Vocabulary. English vocabulary was measured using a shortened version of the 
Peabody Picture Vocabulary Test, Fourth Edition (Dunn & Dunn, 2007). This shortened 
version consists of a selection of 60 items to allow administration in a plenary 
classroom setting. The original PPVT is administered individually and consists of 19 
sets of 12 items each. For the shortened version, we selected 4 items (every third item) 
from set 1 to set 15. Previous studies show that this procedure results in a reliable test 
(Pasquarella, Chen, Lam, Luo, & Ramirez, 2011; Sparks & Deacon, 2015; Wang, Nickels, 
Nation, & Castles, 2013). This selection covered a wide range of vocabulary knowledge 
to capture the anticipated large variation within this group. Students received a 
booklet with the four picture options per item. The students heard the target word 
(for example: “carrot”) and then marked the best fitting picture. All answers were 
scored as correct or incorrect with a maximum score of 60. Cronbach’s alpha of the 
task was .77.

Orthographic Knowledge. Orthographic knowledge was measured using an English 
dictation task (developed by van Viersen and de Bree, pc), since spelling taps into 
retrieval of orthographic mental representations and orthographic pattern knowledge 
(Apel, 2011; Gangl et al., 2018). The task consisted of 20 words embedded in sentences 
that were read aloud by the experimenter. After each sentence the experimenter 
repeated the word that had to be spelled (e.g. “This flower looks beautiful. – beautiful”). 
The student then wrote down the target word. Items increased in word length and 
difficulty (ranging from two to mathematician). The word pedestrian was an item in both 
the vocabulary and the dictation task, all other words were unique to the dictation 
task. The items were mostly irregular words, as a task with regular words would likely 
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be too easy for the participants. The first 15 words were nouns (headache), adjectives 
(beautiful) and conjunctions (except); the last 5 words consisted of verbs (coughed). 
Items were scored as correct or incorrect with a maximum of 20. Cronbach’s alpha of 
the task was .80.

Reading

Reading Accuracy. Reading accuracy in English was measured using the regular and 
irregular words from the Castles & Coltheart 2 Task (Castles et al., 2009). The word list 
contained the 40 regular (e.g., check) and 40 irregular (e.g., ceiling) words in the same 
order as the original test. Regular and irregular words had been matched on word 
length, frequency and grammatical class. In the original task, words are presented on 
flashcards. Here, words were printed in two columns on a sheet of paper. Students 
were instructed to read the entire list as accurately as they could, and the experimenter 
emphasized that students did not have to read as fast as possible. Cronbach’s alpha 
of the task was .78 and .75 for regular words and .78 and .76 for irregular words at 
Time 1 and Time 2, respectively.

The students in the current sample had a Dutch accent in English, which was taken 
into account when scoring the reading tasks. As we were interested in reading 
accuracy and decoding ability, we aimed to separate systematic articulation errors 
due to accent from decoding errors. To separate these types of errors, we composed 
a list of acceptable and unacceptable pronunciations (available upon request from 
the corresponding author). For example, as the <th> is difficult for Dutch speakers, 
pronouncing the word <thing> (with voiceless th) similar to <fing> (with voiceless 
fricative f) was scored as correct, but pronouncing it differently such as <zing> (with 
voiced fricative z) was scored as incorrect. Decoding errors, such as pronouncing the 
word <thing> as <think>, were scored as incorrect as per the original guidelines. All 
experimenters were trained by practicing scoring two reading tests and comparing the 
results with the lead experimenter. Differences in scoring between the experimenters 
were discussed until agreement was reached on how to score a pronunciation.

Reading Fluency. Reading fluency in English was measured with the two subtests 
of the Test of Word Reading Efficiency second edition (TOWRE, Torgesen, Wagner & 
Rashotte, 2012). Word reading fluency was measured using the Sight Word Efficiency 
subtest, consisting of 109 words of increasing difficulty (for example go, horizon). The 
list contains both regular and irregular English words. Pseudoword reading fluency 
was measured using the Phonemic Decoding Efficiency subtest. This list consists of 
66 pseudowords that all have a regular pronunciation (for example pog, throbe). In 
both tasks, students had 45 seconds to read as many words accurately as possible. 
The score is the total number of targets read aloud correctly. Experimenters used the 
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same scoring rules as for the reading accuracy tasks. However, as the first 10 words of 
the pseudoword reading task, all short words with no obvious correct pronunciation 
such as, pu or ku, were difficult to score reliably, these were all scored as correct. The 
full test is known to be reliable for native English speakers, with an internal consistency 
ranging from .86 to .97 (Hayward, Stewart, Phillips, Norris, & Lovell, 2008). The high 
correlations with the other reading tests (see Results section) suggest that this is also 
the case for Dutch EFL readers.

Procedure

The students completed all tests in the beginning (November-January) and again at 
the end (April-June) of the schoolyear. The vocabulary task and dictation task were 
completed in a classroom setting during English classes with the teacher present. 
Reading tasks were administered individually in a quiet room by an experimenter. 
In both sessions other measures were also administered as part of a larger study. 
The individual session took approximately 25 minutes and the classroom session 
approximately 50 minutes.

Results

Descriptives

Means, standard deviations and the correlations among the variables are reported in 
Table 1. According to the TOWRE norm scores (Torgesen, Wagner & Rashotte, 2012), 
the mean word reading fluency score of the Dutch EFL students was at the level of the 
average 8-year-old native English student, and the mean pseudoword reading fluency 
score at the level of the average 11-12-year-old native English student. The relatively 
low scores on the spelling task indicate that this task was quite difficult, but the scores 
did not show a floor effect. A repeated measures MANOVA showed progress on all 
reading tasks from Time 1 to Time 2, F (6,444) = 123.42, p < .001, η²p = .63.

The correlations on the same measures between time points were high, indicating 
that the abilities were stable across time. Moreover, vocabulary and orthographic 
knowledge were substantially correlated, showing that students with a larger 
vocabulary also had more orthographic knowledge. As expected, vocabulary and 
orthographic knowledge were more strongly correlated with the reading measures 
that contain irregular words than the measures that consist of only regular words 
or pseudowords. Fisher’s r to z transformation showed that vocabulary correlated 
more strongly with irregular than with regular word reading accuracy (z = 3.04,  
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p = .001), and more strongly with word reading fluency than pseudoword reading 
fluency (z = 5.91, p < .001). Similarly, orthographic knowledge correlated more 
strongly with word reading fluency than pseudoword reading fluency (z = 3.90, p < 
.001). However, for reading accuracy, the correlation of orthographic knowledge with 
irregular word reading did not differ from regular word reading (z = .093, p = .176). 
Vocabulary and orthographic knowledge at Time 1 also correlated with reading 4 
months later. As expected, vocabulary was more strongly correlated with irregular 
than regular word reading accuracy at Time 2 (z = 4.37, p < .001) and more with 
word reading fluency than pseudoword reading fluency at Time 2 (z = 6.46, p < .001). 
Likewise, orthographic knowledge correlated more with Time 2 irregular than regular 
word reading accuracy (z = 2.53, p = .006) and more with Time 2 word reading fluency 
than pseudoword reading fluency (z = 5.67, p < .001).

Concurrent Analyses

Concurrent Predictors of Reading Accuracy. Regression analyses were performed 
to assess whether vocabulary and orthographic knowledge predicted more variance 
in irregular than regular word reading accuracy. Separate analyses were conducted 
for irregular and regular word reading accuracy. In the first step, we controlled for 
regular word reading accuracy in the analysis of irregular word reading accuracy, and 
vice versa, we controlled for irregular word reading accuracy in the analysis of regular 
word reading accuracy. Because the variance that is controlled for in this first step is 
equal in both analyses, the relative contributions of subsequently added predictors 
to irregular and regular word reading accuracy can be compared. This first step 
explained 39% of the variance (see Table 2).

The predictors vocabulary and orthographic knowledge were always added in the 
second and third step. We performed these analyses twice. First, orthographic 
knowledge was added in the second step and vocabulary in the third step; in the 
second analysis the order was reversed. Using this method, we determined for 
each predictor whether it had a unique contribution (step 3) on top of the shared 
contribution of vocabulary and orthographic knowledge. 

As expected, vocabulary made a unique contribution to the prediction of irregular 
word reading accuracy, that is in step 3 after regular word reading and orthographic 
knowledge were controlled (3.6%). We also found a unique contribution of 
orthographic knowledge (4.1%). Their common addition in variance was 4.3%. The 
betas in the final model were all significant.



Chapter 4

86

For regular word reading, vocabulary did not have a unique contribution, but 
orthographic knowledge did (5.1%). The shared contribution of vocabulary and 
orthographic knowledge was 0.8%. In the final model, betas of all predictors except 
vocabulary were significant. Jointly, vocabulary and orthographic knowledge only 
accounted for 5.9% of variance in regular word reading accuracy, compared to 12% of 
variance in irregular word reading accuracy. As expected, vocabulary was an important 
predictor for irregular but not for regular word reading accuracy and orthographic 
knowledge uniquely contributed to irregular word reading accuracy. Unexpectedly, 
orthographic knowledge also contributed to regular word reading.

Concurrent Predictors of Reading Fluency. Similar fixed order regressions were 
done to investigate whether vocabulary and orthographic knowledge contributed 
more to word reading fluency than pseudoword reading fluency. First, we controlled 
for pseudoword reading fluency when predicting word reading fluency and vice versa 
controlled for word reading fluency in pseudoword reading fluency. This first step 
accounted for 51% (see Table 3).

Table 2
Fixed Order Regressions for Reading Accuracy at Time 1

Accuracy

Irregular words Regular words

Step Variable Added % ΔR2 Final β % ΔR2 Final β

1 T1 IRA/RA 39.0* .39* 39.0* .44*

2 T1 OK   8.4* .26*   5.8* .29*

3 T1 Vocabulary   3.6* .22* 0.1 .03*

2 T1 Vocabulary   7.8* .22*   0.8* .03*

3 T1 OK   4.1* .26*   5.1* .29*

Note. IRA = Irregular word Reading Accuracy, RA = Regular word Reading Accuracy, 
OK = Orthographic Knowledge. Final β corresponds to the variable in the complete 
model with all predictors included.
*p < .05.
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Table 3
Fixed Order Regressions for Reading Fluency at Time 1

Fluency

Word reading Pseudoword reading

Step Variable Added % ΔR2 Final β % ΔR2 Final β

1 T1 WRF/PRF 51.0* .58* 51.0* .71*

2 T1 OK  7.3* .21* 0.2 .10*

3 T1 Vocabulary  2.9* .19*  1.3* -.13*

2 T1 Vocabulary  7.5* .19*  0.8* -.13*

3 T1 OK  2.7* .21*  0.7* .10*

Note. WRF = Word Reading Fluency, PRF = Pseudoword Reading Fluency, OK = 
Orthographic Knowledge. Final β corresponds to the variable in the complete model.
* p < .05.

In predicting word reading fluency, vocabulary had a unique contribution of 2.9%, 
after controlling for orthographic knowledge. Orthographic knowledge had a unique 
contribution of 2.7%. Taken together, vocabulary and orthographic knowledge 
accounted for 10.2% of the variance in word reading fluency. The shared variance of 
vocabulary and orthographic knowledge was around 4.6%, each predictor uniquely 
contributed 2.7-2.9%. All betas in the final model were significant.

As expected, vocabulary and orthographic knowledge only explained a small amount 
of variance in pseudoword reading fluency as compared to word reading fluency. 
Vocabulary had a unique contribution of 1.3% to pseudoword reading fluency. 
After controlling for vocabulary, orthographic knowledge explained 0.7% of unique 
variance. However, when orthographic knowledge was entered in the second step as 
a predictor, it failed to contribute significantly to pseudoword reading fluency. Thus, 
orthographic knowledge was only significant when vocabulary was also present as a 
predictor, which suggests that vocabulary acts as a suppressor. Despite this suppressor 
effect, these findings are in line with our hypotheses. Vocabulary and orthographic 
knowledge jointly accounted for only 1.5% of the variance in pseudoword reading 
fluency compared to 10.2% in word reading fluency. So, vocabulary and orthographic 
knowledge hardly contributed to pseudoword reading fluency, but did contribute to 
word reading fluency, including irregular words.
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Longitudinal Analyses

Longitudinal Predictors of Reading Accuracy. Students were followed up at Time 
2 to assess their reading development. Longitudinal regressions were performed 
to examine the contributions of Time 1 vocabulary and orthographic knowledge 
to reading accuracy development (Table 4). In these analyses, vocabulary and 
orthographic knowledge at the Time 1 were used to predict variance in Time 2 reading 
accuracy, while controlling for the autoregressive effects of reading accuracy in the 
first step. In subsequent steps Time 1 vocabulary and Time 1 orthographic knowledge 
were added as predictors to estimate their contributions above and beyond Time 1 
reading accuracy.

In the regression analyses predicting Time 2 irregular word reading, Time 1 irregular 
word reading accuracy entered in the first step accounted for 45.7%. Beyond the 
autoregressive effect and the effect of orthographic knowledge, vocabulary accounted 
for 4.0% of unique variance. Orthographic knowledge had a unique contribution of 
4.3% to Time 2 irregular word reading. The shared contribution of vocabulary and 
orthographic knowledge was 3.2%. Jointly, vocabulary and spelling accounted for 
11.5% in Time 2 irregular word reading after controlling for autoregressive effects 
and each accounted for unique variance. Betas in the final model were all significant.

To investigate whether vocabulary and orthographic knowledge were more important 
for growth in irregular than regular word reading accuracy, the same regression 
analyses were performed to predict Time 2 regular word reading accuracy. Entering 
regular word reading accuracy at Time 1 into the model first, accounted for 50.3% of 
the variance of regular word reading at Time 2.

After controlling for the autoregressive effect and orthographic knowledge, vocabulary 
accounted for 0.1% of unique variance in regular word reading at Time 2. The unique 
contribution of orthographic knowledge to Time 2 regular word reading was 1.4%. 
All betas in the final model are significant. Together, vocabulary and orthographic 
knowledge at Time 1 accounted for approximately 2.8% of variance in regular word 
reading accuracy. As predicted, vocabulary and orthographic knowledge accounted 
for substantially more variance in development of irregular word reading accuracy 
(11.5%) than in the development of regular word reading accuracy (2.8%).

Longitudinal Predictors of Reading Fluency. Longitudinal regression analyses 
were also performed to investigate to what extent vocabulary and orthographic 
knowledge contributed to development of reading fluency (Table 4). In the first step, 
we controlled for autoregressive effects by entering word reading fluency at Time 1, 
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explaining 67.9% of variance. Orthographic knowledge contributed a small amount of 
variance (1.3%) of Time 2 word reading fluency. The unique contribution of vocabulary 
(0.2%) only approached significance (p = .060). In the final model, all betas except for 
vocabulary were significant. Overall, both orthographic knowledge and vocabulary 
did not contribute substantially to development of word reading fluency, explaining 
only 2.1% above and beyond the autoregressive effect.

With respect to Time 2 pseudoword reading fluency, the autoregressive effect in the 
first step accounted for 59.4%. Spelling accounted for only 0.4%. Vocabulary explained 
0.8% of variance when added in step 2 but did not have a unique contribution to 
pseudoword reading fluency at Time 2 after controlling for orthographic knowledge. 
The shared contribution of orthographic knowledge and vocabulary was only 0.4%, 
and vocabulary did not have any additional effect. All betas in the final model except 
for vocabulary were significant. In summary, after controlling for autoregressive 
effects, vocabulary and orthographic knowledge only explained very little variance 
(0.8%) in pseudoword reading fluency longitudinally. Vocabulary did not make a 
unique contribution. For both fluency tasks, vocabulary and orthographic knowledge 
at the beginning of the year predicted very little in the student’s development in word 
reading fluency and pseudoword reading fluency between Time 1 and Time 2.

Discussion

English has many irregular words and studies with English children show that 
semantic knowledge helps to read these irregular words (Ricketts et al., 2007; Taylor 
et al., 2015). In this study we investigated if we could replicate these findings in EFL 
children. A particular feature of EFL learning is that students are often simultaneously 
exposed to the meaning and the orthography of novel words. Therefore, as a novel 
element of this study, we examined whether the effects of vocabulary on irregular 
word reading can be accounted for by orthographic knowledge. Finally, we explored 
the role of vocabulary and orthographic knowledge in the development of irregular 
word reading.

Our findings clearly show that vocabulary is important for reading irregular words in 
EFL. Even after controlling for orthographic knowledge, vocabulary contributed more 
to reading tasks that included irregular words (irregular word reading accuracy and 
word reading fluency) than tasks consisting of regular words (regular word reading 
accuracy) or (regular) pseudowords (pseudoword reading fluency). In contrast, the 
role of vocabulary in reading regular words was limited. This larger role of vocabulary 
in irregular word reading aligns with the predictions from the triangle model (Harm 
& Seidenberg, 2004) that the indirect semantic route (orthography-semantics-
phonology) is mainly important for irregular word reading. Even though the semi-
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transparent L1 orthography of our Dutch participants led to the expectation that they 
might have difficulty in EFL reading, the findings on the contributors to regular and 
irregular word reading are comparable with L1 English studies (Nation & Snowling, 
2004; Ouellette, 2010; Ouellette, 2006; Ricketts et al., 2007).The current findings thus 
show that the relationship between vocabulary and irregular word reading is similar 
across different educational systems, whether it is learning to read English as a first 
language in an English-speaking country or learning it as a foreign language as a 
student in secondary school. The pattern of relationships between vocabulary and 
word reading are seemingly due to aspects of the English orthography itself. 

While vocabulary contributed to irregular word reading, it is important to note that 
we cannot establish from the current study whether word meaning was actually 
accessed during irregular word reading. Semantic knowledge was measured using a 
vocabulary task in which both phonological and semantic knowledge were necessary, 
because students had to select the meaning based on a given pronunciation. This 
means that students had to know both the pronunciation and the meaning to answer 
correctly. Therefore, any effects of vocabulary might be due to semantic knowledge, 
phonological knowledge, or a combination of both. Theoretical models differ in their 
assumption of whether semantic word knowledge is necessary for irregular word 
reading (as stated in the triangle model, Harm & Seidenberg, 2004) or that knowledge 
of the pronunciation can be sufficient (as stated in the dual route model, Coltheart, 
Rastle, Perry, Langdon, & Ziegler, 2001). In an L1 study by Nation and Cocksey (2009) 
semantic knowledge of irregular words did not facilitate reading these specific words 
when the effect of word-specific phonological knowledge was controlled (see also 
McKague, Pratt & Johnston, 2001; Duff & Hulme, 2012). In contrast, Ricketts et al. (2016), 
did find a unique contribution of semantic knowledge on irregular word reading, 
even when phonological knowledge was controlled. Since our study did not contain 
a measure of phonological knowledge, more research is needed to disentangle the 
exact influence of phonological and semantic knowledge on irregular word reading.

Unlike previous studies with L1 English children, we examined whether orthographic 
knowledge had a specific effect on word reading, that is after vocabulary knowledge 
was controlled. We reasoned that orthographic knowledge would be especially 
important for reading in EFL, because of the prominent role of orthography in foreign 
language instruction. The concurrent analyses showed that orthographic knowledge 
contributed to irregular and regular word reading accuracy and word reading 
fluency, but not to pseudoword reading fluency. These contributions of orthographic 
knowledge to word reading were partly shared with vocabulary, but importantly, 
orthographic knowledge also had an independent contribution. The importance of 
orthographic knowledge is in accordance with previous L1 studies (Castles et al., 1999; 
Griffiths & Snowling, 2002; Manis et al., 1996; Ricketts et al., 2007; Roman et al., 2009) 
and is in line with our expectations considering the amplified role of orthography 
in lexical representations in EFL. Because of the demonstrated importance of 
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orthographic knowledge in EFL reading, it is important for future studies to take 
orthographic knowledge into account and see if these findings are replicated in L1 by 
measuring both vocabulary and orthographic knowledge.

Against our expectations, orthographic knowledge had similar relations to regular 
and irregular word reading accuracy in the concurrent analyses. However, regarding 
reading fluency, we did find the expected pattern that orthographic knowledge 
contributed more to word reading fluency than pseudoword reading fluency. As 
noted in the results, in the pseudoword reading fluency task the (small) role of 
orthographic knowledge was only significant after the effects of vocabulary and 
word reading fluency had been accounted for. Vocabulary appeared to function as 
a suppressor variable, possibly due to its relationship with reading: Children with a 
small vocabulary, for instance, have to read pseudowords letter-by-letter, whereas 
for children with a large vocabulary, pseudowords might look similar to words that 
they know (be it their meaning or spelling). This would result in a stronger relationship 
between orthographic knowledge and pseudoword reading when vocabulary is taken 
into account. Nonetheless, the effect of orthographic knowledge on pseudoword 
reading fluency was very small, and the final results are in line with the predictions: 
orthographic knowledge was more important for reading words than pseudowords.

A similar pattern was also shown by Roman et al. (2009), who found that children 
relied on orthographic knowledge to read regular and irregular existing words, but 
not to read pseudowords. These findings might indicate that in contrast to reading 
pseudowords, regular words were not necessarily decoded, but at least a proportion 
of them were recognized by sight. The finding that orthographic knowledge affects 
both regular and irregular word reading independently from vocabulary fits within 
the triangle model of reading (Harm & Seidenberg, 2004), in which the direct 
phonological route (orthography-phonology) is activated for reading both regular 
words and irregular words. However, in the longitudinal analyses, orthographic 
knowledge did not contribute to regular word reading development, whereas it did 
contribute to irregular word reading development. So overall, with the exception 
of the concurrent analyses on reading accuracy, the general findings indicate that 
orthographic knowledge is more important for reading irregular than regular words.

We also examined whether vocabulary and orthographic knowledge contributed to 
reading development. As expected, vocabulary and orthographic knowledge had 
a shared and unique contribution to word reading development, which was larger 
for irregular word reading than regular word reading. This was only apparent in 
the reading accuracy tasks, since vocabulary and orthographic knowledge did not 
contribute to development in reading fluency. Better orthographic and vocabulary 
knowledge were an advantage for development of irregular word reading accuracy. 
This is in line with previous longitudinal findings from L1 English (Nation & Snowling, 



Unique Contribution of Vocabulary in EFL Reading

93

2004; Ricketts et al., 2007), but has now received more firm support in a large sample 
and controlling for autoregressive effects.

The additional effect of vocabulary on the development of irregular word reading, 
controlling for autoregressive effects, implies that vocabulary at Time 1 was actually 
more related to reading at Time 2 than to reading at Time 1. Possibly, students 
were better able to apply their vocabulary knowledge at Time 2 than at Time 1. For 
example, students might have known the word ‘flood’, but at Time 1 pronounced it 
as the spelling pronunciation (rhyming with ‘food’), because they were not able to 
bridge the distance between the spelling pronunciation and the irregular correct 
pronunciation (Elbro & de Jong, 2017). If the students repeatedly encounter this word 
in between Time 1 and Time 2, they would have increased practice in linking the 
spelling pronunciation to the actual correct pronunciation. Subsequently, they would 
be better at connecting the spelling pronunciation to the correct pronunciation, 
resulting in an increased likelihood of reading the word correctly at Time 2. 

Individual differences in orthographic knowledge also predicted the development 
in irregular word reading: Students with more orthographic knowledge might find it 
easier to learn spellings of newly encountered words and will have more orthographic 
knowledge at the end of the year, being advantageous for irregular word reading. 
This interpretation is supported by experimental findings that students with more 
orthographic knowledge are more adept at orthographic learning (Cunningham, 2006; 
Cunningham, Perry, Stanovich, & Share, 2002; Wang et al., 2013). However, to shed 
further light on the way this is acquired, more research is needed that focuses on how 
individual differences in orthographic learning skill relate to reading development.

Contrary to our expectations, neither vocabulary nor orthographic knowledge 
contributed substantially to word reading fluency development. This absence could 
be related to the fact that reading fluency contains two underlying skills: reading 
speed (number of words read) and accuracy (total correct). Scores show that students 
improved more in their reading speed (a difference of 3.75 words) than in their accuracy 
(a difference of 0.1 words), so development in reading fluency seems mainly driven by 
changes in reading speed. Since the unexplained variance in the longitudinal analysis 
on word reading fluency concerns changes in reading speed, it follows that reading 
speed is apparently relatively unaffected by vocabulary and orthographic knowledge, 
whereas reading accuracy is affected by both. This is supported by the considerable 
contribution of vocabulary and orthographic knowledge to word reading fluency 
concurrently and irregular word reading accuracy concurrently and longitudinally.
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Limitations

Unlike previous studies (Castles et al., 1999; Griffiths & Snowling, 2002; Manis et al., 
1996; Ricketts et al., 2007; Roman et al., 2009), we measured orthographic knowledge 
through dictation instead of orthographic choice. Arguably, a dictation task does 
not only measure word-specific orthographic knowledge but also more general 
orthographic pattern knowledge, such as how letters may represent speech sounds 
(Apel, 2011). However, since the spelling task consisted of mostly irregular words and 
did not have a meaningful contribution to pseudoword reading fluency, we can infer 
that the current spelling task largely reflects word-level orthographic knowledge. Given 
that both word-level orthographic knowledge and orthographic pattern knowledge 
might be important for word reading (Apel, 2011), it would be interesting to include 
both an orthographic choice and a dictation task in future studies.

The majority of the words in our spelling task were irregular. Thereby the task seems 
better aligned to irregular than to regular word reading. However, regular words can 
be often spelled by straightforward phoneme to grapheme conversion. The correct 
spelling of regular words would not reflect orthographic knowledge and would also 
probably be too easy for the Grade 7 students in this study. Moreover, the ability 
to spell irregular words can be regarded as the strongest control to show a specific 
relationship between vocabulary and irregular word reading. 

In the current study, the reading accuracy and fluency tasks did not contain the same 
types of words. For example, our measure of reading accuracy lacked a measure of 
pseudoword reading, whereas in the fluency tasks the irregular and regular words 
were combined in one task. To more systematically study how exactly pseudoword 
versus regular word reading is affected, it would be of interest to measure all word 
types separately in both accuracy and fluency tasks. However, overall, our two reading 
accuracy and two fluency tasks substantially differed in the number of irregular words. 
Our results clearly show the importance of vocabulary and orthographic knowledge 
for both reading accuracy and reading fluency tasks that contain irregular words.

Conclusions 

Many studies show the importance of vocabulary in reading English, and especially for 
irregular words (Taylor et al., 2015). Our study reveals that this also the case for EFL 
learners, both concurrently and longitudinally. Moreover, orthographic knowledge 
cannot fully account for this effect of vocabulary and makes an independent 
contribution to word reading as well. Therefore, to enable EFL learners to read irregular 
words, it is important to teach also the other constituents of word knowledge, that is 
vocabulary and orthography.
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CHAPTER 5

It’s All in the Game: Integrated Vocabulary Learning for 
English as a Foreign Language through Adaptive Online

 Practice

In this study, we assessed the effectiveness of an online intervention focused on English as a foreign 

language vocabulary. The intervention targeted the construction of detailed word representations 

through an integrated approach that focused on acquiring not only semantics via translation, but 

also the spelling and pronunciation of words. Two groups of Dutch Grade 7 students were included: 

One group followed regular classroom instruction (n = 157); the other group (n = 155) followed a 12-

week intervention based on the web-based adaptive learning environment Words&Birds. The 

intervention consisted of playing four learning games focused on acquiring meanings, spellings and 

pronunciations of English words. Hierarchical linear modelling showed that the specific Words&Birds 

intervention was more effective than the regular classroom instruction: Students gained vocabulary 

while playing the games, as they learnt new word translations for the specific words that they 

encountered. The intervention group also improved more than the control group in reading fluency 

and spelling. These results suggest that the use of an online adaptive learning environment can 

support learning English as a foreign language. 

Krepel, A., de Bree, E.H., Mulder, E., van de Ven, M., Hofman, A., Segers, E., van der 
Maas, H.L.J., Verhoeven, L., & de Jong, P.F. It’s all in the game: Integrated vocabulary 
learning for English as a foreign language through adaptive online practice. Manuscript 
submitted for publication.
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Introduction

As English is the lingua franca in a large part of the world, it is important for non-
native speakers to learn English as a foreign language (EFL). For all learners, a basic 
vocabulary set is needed. The assumption is that being able to read most written texts 
and understand most spoken discourse demands basic knowledge of a set of 2000 
to 5000 word families (Hirsh & Nation, 1992; Nation, 2001). EFL learners should also 
acquire this vocabulary. However, EFL vocabulary acquisition in school presents a set 
of challenges for the learners. One is the opaque nature of the English writing system 
(Seymour, Aro, & Erskine, 2003); another, is that students show large individual 
differences in English vocabulary when starting with EFL due to individual differences 
in English exposure (Thijs, Trimbos, Tuin, Bodde, & De Graaff, 2011). This requires 
an individual-based approach, which could be provided by online adaptive learning 
technology (Kerr, 2016). 

Vocabulary Acquisition in first language and EFL

Vocabulary is an important building block for learning a language. According to the 
lexical quality hypothesis (Perfetti, 2007; Perfetti & Hart, 2002), knowledge of a word 
encompasses knowledge of its meaning, but also of its spelling and pronunciation. 
When lexical quality is high, these constituents are tightly connected. When this is the 
case, reading a word immediately activates its pronunciation and meaning and when 
hearing a word, recognition of the word’s pronunciation automatically activates the 
meaning of the word. 

Learning a novel word involves the acquisition of its meaning and corresponding 
pronunciation and orthography. The learning of the semantic, phonological features 
and orthographic features of a novel word seem to be, to some extent, interdependent. 
For example, it is easier to learn the meanings of words with simple pronunciations 
(Storkel, 2009). Furthermore, knowing the meaning of the word facilitates learning 
the orthography (Ouellette & Fraser, 2009). Similarly, presenting the orthography 
during word learning facilitates children’s acquisition of both the spelling and 
pronunciation of a word, thereby strengthening the connection between orthography 
and phonology (Chambré, Ehri, & Ness, 2017). Overall, learning one constituent can 
support the acquisition of the other constituents. Therefore, promoting high quality 
lexical representations requires paying attention to all three constituents of a word.

Lexical quality is important in first language (L1) vocabulary acquisition, as well as in 
(E)FL. In EFL vocabulary learning, as in second language learners, two important issues 
relate to lexical quality. First, one important difference between L1 and FL vocabulary 
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acquisition is related to the representation of word meaning in a second language 
as compared to a first language. In L1, the L1 semantic representation is directly 
linked to the corresponding L1 orthographic and phonological representations. 
For beginning FL learners, however, vocabulary acquisition transpires somewhat 
differently. Instead of learning a new meaning for a word, the novel FL word is 
translated to its L1 equivalent (Hall, 2002; Jiang, 2000). So instead of having an FL 
semantic representation, the lexical representation in FL consists of an L1 semantic 
representation linked to an FL orthographic representation and phonological 
representation. This process of linking the FL word to the L1 word can be facilitated 
if these words are cognates (the Dutch pinguïn and the English penguin both refer to 
the same bird) or hindered if these words are false friends (the Dutch word spreeuw 
is similar to the English sparrow, but means starling) (Hall, 2002). Even though the L1 
word is already known, new words (that are not cognates) still need to be learnt on 
a word-by-word basis. As a consequence, EFL vocabulary acquisition often includes 
rehearsing English word lists with corresponding translations. This contrasts with L1, 
in which vocabulary acquisition is often less explicit.

A second EFL learning feature that needs to be considered in light of developing 
high quality lexical representations, is the relationship between orthography and 
phonology in English. English has an opaque orthography (Seymour et al., 2003): the 
way orthography maps onto the phonology is inconsistent and depends on many 
different rules. For example, the letters ough are pronounced differently in the 
words tough, through and though. Additionally, this irregular orthography makes it 
challenging to read and spell in EFL, especially for learners who are used to a more 
transparent orthography in their L1 (Figueredo, 2006). To be able to read irregular 
words, readers can rely on semantic knowledge. Words that are known can be 
recognized during reading, which bypasses unsuccessful letter-by-letter decoding 
(Taylor, Duff, Woollams, Monaghan, & Ricketts, 2015). This complex orthography-
phonology relationship and the facilitating role that semantic knowledge can play in 
reading the irregular words further underlines the importance of paying attention to 
the different constituents during vocabulary acquisition.

In (E)FL, vocabulary teaching can broadly be divided in two approaches, a word 
association approach in which words are taught explicitly and a contextualized 
approach in which words are taught implicitly from context by reading (Hunt & Beglar, 
2005; Jiang, 2000). Generally, it is thought that most of EFL vocabulary is implicitly 
learnt from reading texts, in which students encounter a written word in text and 
might look up the meaning in a dictionary or deduce it from the context (Huckin & 
Coady, 1999). However, contextual guessing in EFL is shown to be difficult and not 
always effective (Tozcu & Coady, 2004). Therefore, especially for beginning learners 
that still need to learn the most common words, explicit vocabulary instruction is 
important. This is supported by findings that EFL words are learnt more efficiently 
from explicit word-focused learning activities rather than implicitly from reading 
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texts (Laufer, 2003). In line with the lexical quality hypothesis, an important factor 
that facilitates (E)FL vocabulary acquisition is that, during learning, attention is given 
to all constituents of the words (including semantic, phonological, and orthographic 
features) (Hulstijn, 2001). Another factor that facilitates word learning is repeated 
practice (Hulstijn, 2001). Even without receiving feedback, retrieving information 
from memory improves retention (Roediger & Karpicke, 2006). In sum, successful 
vocabulary acquisition in EFL requires learners to repeatedly practice word learning 
activities that focus on the different types of word knowledge.

Fostering EFL Vocabulary with Online Learning Program 
Words&Birds

Because of the potential benefits of an integrated approach to EFL word learning, we 
investigate the effectiveness of an intervention that implements this approach within 
the online adaptive learning environment Words&Birds (Words&Birds, Oefenweb, 
2015). A general advantage of using educational technology such as online learning 
programs is that educational technology can accomplish increased efficiency of 
explicit word learning activities. Computer-assisted word learning programs can be 
an effective word learning tool similar to flashcard word learning, but in a convenient 
and automatic fashion (Nakata, 2011). Furthermore, use of educational technology 
makes it possible to receive immediate feedback during practice, which has been 
found to enhance L2 learning (Li, 2010). It instantly informs the students when their 
knowledge of a word is incorrect and draws their attention to the correct word. 
The combination of interactive practice and feedback can provide students with an 
effective tool to practice vocabulary efficiently, as is shown by the positive effects of 
online, computer-assisted language learning or mobile-assisted, language learning 
programs on vocabulary acquisition (see meta analyses by Chiu, 2013 and Lin & Lin, 
2019). 

In the learning environment of Words&Birds (Words&Birds, Oefenweb, 2015), students 
play ‘games’ containing exercises that are not only focused on learning translations 
but also on acquiring the orthography and phonology of a word. Words&Birds provides 
an environment for practice (word-based learning activities) and provides immediate 
and personalized feedback. A specific advantage of Words&Birds that sets it apart 
from other learning programs is that it provides an adaptive learning environment 
that automatically offers more difficult exercises from a large word-bank. As there 
are large individual differences in EFL proficiency (Thijs et al., 2011), an adaptive 
and therefore personalized approach seems the more efficient type of instruction 
(Kerr, 2016). This adaptive learning is difficult to implement in regular instruction, 
especially during classroom teaching, but can be implemented in an online learning 
environment. 
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Surprisingly, we found only one study that specifically investigated the effectiveness 
of adaptive learning in language learning. Sandberg, Maris, and Hoogendoorn (2014) 
compared the effectiveness of two EFL word learning apps, one adaptive learning 
app that adapted its difficulty to the proficiency of the student, and one non-adaptive 
learning app. They found that Dutch children learning English words benefited 
more from using the adaptive app compared to the non-adaptive app. However, 
the effectiveness of the app cannot be solely attributed to its adaptivity, since the 
learning apps also differed on other features: It included a storyline and more 
feedback whereas the non-adaptive learning app did not. Nevertheless, this study 
offers a promising result that demonstrates the potential benefit of adaptive learning 
in acquiring vocabulary.

The studies on vocabulary learning games are often focused only on outcomes 
pertaining to meaning acquisition through translation learning. There is less emphasis 
on the other aspects of word learning, such as the phonology and orthography of 
words and thereby learning to read and spell. A meta-analysis on the effectiveness 
of mobile-assisted language learning on L1 language learning in general found 
no significant effect on reading (Sung, Chang, & Yang, 2015). A computer-assisted 
language learning study did find that a computerized grapho-syllabic training, in 
which students learned the link between the pronunciation and written form of a 
syllable, facilitated word reading in beginning readers (Ecalle, Kleinsz, & Magnan, 
2013). Additionally, several experimental studies have shown that practicing spelling 
on the computer can facilitate L1 spelling (Bosman, van Huygevoort, & Verhoeven, 
2006; Gruhn, Segers, & Verhoeven, 2019). The few studies that have investigated the 
effects of computerized FL programs on FL reading (Persson & Nouri, 2018) most 
often concerned reading comprehension (Hsu, Hwang, & Chang, 2013; Lan, Sung, & 
Chang, 2007). Following the lexical quality hypothesis (Perfetti & Hart, 2002), it seems 
necessary to adopt an integrated approach to word learning focusing on all the 
constituents of words in order to improve both the knowledge of the translations of 
words as well as their reading and spelling (Perfetti, 2007). 

Present Study

In this study, we evaluated the effectiveness of a 12-week intervention with 
Words&Birds (Words&Birds, Oefenweb, 2015), a program for English vocabulary 
learning, in Dutch Grade 7 students. Considering the importance constructing 
orthographic, phonological and semantic representations of words in word learning 
(Perfetti & Hart, 2002), which is complicated by the opaque orthography in English, the 
intervention focused on building up knowledge of the constituents of words. Through 
various adaptive online learning games, which include a translation game, spelling 
games, and a rhyme game, students were presented with the semantic, orthographic 
and phonological aspects of words and their interrelations. We examined the effects 



EFL Vocabulary Learning Through Online Practice

103

of the intervention, which partly replaced regular English classroom instruction, on 
English proficiency, as compared to a control group only following regular classroom 
instruction. In a pretest-posttest design, English proficiency was measured using tests 
pertaining to specific words learned in the intervention, general vocabulary, reading 
and spelling. Furthermore we examined whether the frequency of in-game practice 
determined the progress students made on these EFL proficiency measures.

Since the intervention games are focused on also strengthening the relationship 
between orthography and phonology, we expect that students in the intervention 
group will improve more than the control group in standardized reading and spelling 
tasks. With respect to word learning, we distinguish between words that have been 
trained in the games and general vocabulary. We expect at the most a small effect 
on the general vocabulary measure, but a larger effect on the trained items (Marulis 
& Neuman, 2010). Furthermore, we expect that frequency of practicing affects the 
learning outcomes. 

Methods

Design

The study had a quasi-experimental design, as assignment to the control group or 
intervention group was not random. The intervention group consisted of 6 classes. 
Secondary education in the Netherlands has a tracked system with different levels. 
The intervention group consisted of two classes in pre-vocational secondary education 
(vmbo), three in a combination of higher vocational secondary education and pre-
university education (havo-vwo), and one class in pre-university education (vwo). For 
the control group, a total of 19 classes was tested as part of a larger study a year 
prior to the intervention group. Of these 19 classes, 6 were selected to be used as the 
control group. Each intervention group class was matched to a control group class 
based on English vocabulary score and educational track. 

The intervention consisted of one lesson per week in a 12-week period, as well as 8 
plenary feedback sessions (see also Intervention, below). These weekly intervention 
lessons took place during one of the three regular English lessons that students 
received each week. In the control group, the standard curriculum was followed. 
Proficiency of English was tested before and after the intervention in both groups.
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Participants

All participants were Grade 7 students in the Netherlands. In the Dutch school 
system, Grade 7 is the first year of high school/secondary education and also the year 
in which the system becomes tracked in different levels. Grade 7 is also the year in 
which formal English education starts. This typically consists of 135 to 180 minutes of 
English instruction every week, taught by teachers with a degree in English.

In our sample, all students reported to have received English lessons in primary school, 
mostly from Grade 5 (49%). In the Netherlands, English education is mandatory from 
grade 5, but the quantity and quality of English instruction in primary school differs 
substantially from the instruction in secondary school (Thijs et al., 2011). In the Dutch 
education system, each class in primary education has one teacher who provides 
instruction in all subjects. English in primary school is focused on oral proficiency 
and is mostly (86%) taught by the class teacher for 30-60 minutes per week (Thijs 
et al. 2011). These teachers are generally non-native speakers with limited training 
in English teaching. In contrast, in Dutch secondary education English teachers only 
provide English lessons if they are specifically trained to do so. As a result, students in 
Grade 7, the first year of secondary education, can still be regarded as beginner EFL 
learners. 

The control group consisted of 169 students from 6 classes across 5 schools in the 
Netherlands. After excluding data from students who reported to speak English with 
their parents or caretakers (n = 12), a control group of 157 students (78 boys, 49.7%) 
remained. The average age was 12 years and 7 months (SD = 5 months, range, 11-13 
years). The intervention group consisted of 156 students from 6 classes in 2 schools. 
One havo-vwo and one vwo class were from a school that also participated in the 
control group the previous year. After excluding students who spoke English with 
their parents or caretakers (n = 11), the intervention group consisted of 155 students 
(78 boys, 50.3%). The average age was 12 years and 8 months (SD = 5 months, range 
11-13 years). All parents or caretakers were informed of the study and could refuse 
participation of their child.

Intervention

The intervention was based on four games of Words&Birds (Words&Birds, Oefenweb, 
2015), a web-based computer-adaptive English practice and monitoring system for 
Dutch EFL students that can be used at school and/or at home. These four games 
focused on learning the different constituents of lexical knowledge (orthography, 
phonology, semantics) and their interrelations. The core of the intervention was the 



EFL Vocabulary Learning Through Online Practice

105

acquisition of lexical knowledge through playing exercises in four games with words 
tailored to students’ knowledge and skill level. The intervention lasted 12 weeks, 
consisting of one lesson of 40 minutes per week. Additionally, students received 8 
sessions of plenary feedback to the whole classroom from their teacher on the basis 
of the errors made in the exercises.

During the weekly lesson, students had to complete 60 exercises per game. This 
boils down to a total target of 720 completed exercises per game and a total of 
2880 completed exercises at the end of the intervention. Exercises in Words&Birds 
are presented adaptively based on the level of the student. While playing a game, 
the system automatically selected items of an appropriate level from an item bank. 
Consequently, students did not necessarily complete the same items. The number of 
items in the item bank of a game ranged from 1377 to 2739 items. 

The English lessons reserved for the intervention took place in a dedicated computer 
room in the school or in a regular classroom if students used their own devices. 
During these lessons, students had time to complete exercises in the different games. 
Students could freely choose which games they played and in what order, but the 
overall goal remained to complete 60 exercises weekly for each game. If this target 
was not reached during class, the remaining exercises were set as homework for that 
week.

To promote students’ engagement with the content of the games, students received 
feedback in two ways. During play, students received individual feedback after each 
exercise, as they were shown the correct answer. Students in a class also received 
general feedback from their teacher every week regarding one of the games. In the 
online environment of Words&Birds, students, teachers and researchers could see per 
student which exercises were especially difficult (students could only see their own 
data). These difficult exercises were analysed by the researchers for error patterns. 
For example, an often-made error in the dictation game was that students would not 
provide spaces in certain compound words (*peanutbutter, *footballplayer). In Dutch, 
these words are spelled as one word (pindakaas, voetbalspeler). Thus, the feedback 
by the teacher consisted of commonly made errors by the students in a class in a 
particular game.

We tried to stimulate students’ continuation of playing the games in two ways. First, 
Words&Birds has a reward system in which digital coins can be gained by providing 
correct answers in a game. These coins could be spent on virtual prizes on a separate 
prize screen. Second, we added a competitive component to the intervention. After 
the feedback to the whole class, the teacher also provided an overview of which 
students had completed the most exercises that week. Such a competition element 
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was made, as it has been shown to be challenging to motivate students to complete 
a sufficient number of exercises in a math intervention with a program similar to 
Words&Birds (Jansen, de Lange, & van der Molen, 2013). 

Training Games. The four training games focused on learning orthography, 
phonology, semantics and their interrelations. Other games are available in the 
Words&Birds environment but were made unavailable during this intervention. On 
the main screen, students were presented with a sky with four flying birds that each 
corresponded to one of the games. Students could select the game they wanted to 
play by clicking on a bird. When a game was selected, students were presented with 
10 subsequent exercises. In each exercise, students were presented with a question, 
with either multiple-choice answers (Figure 1) or a text box in which to type their 
answer (Figure 2). A question mark could be clicked if students did not know the 
answer. After each exercise, the correct answer was shown, regardless of the answer 
the student provided. 

Exercises are presented with a difficulty level that matches the estimated skill of the 
student. An algorithm is used to determine items with an appropriate difficulty. This 
algorithm is based on principles of Item Response Theory modelling and Elo chess 
rankings, whereby student skill and item difficulty can be estimated simultaneously 
(Klinkenberg, Straatemeier, & van der Maas, 2011; Maris & van der Maas, 2012). It 
has been successfully applied in similar learning programs, such as Math Garden 
(Klinkenberg, Straatemeier, & van der Maas, 2011) and Language Sea (Language 
Sea, Oefenweb, 2014), two computer-based adaptive learning programs focused 
on learning math and Dutch respectively. Based on a student’s accuracy and speed 
of solving an item, the student skills and item difficulties are mapped through the 
algorithm on the same dimension. For example, solving a difficult exercise quickly and 
accurately results in a higher student skill than an accurate and slow response, or a 
slow and incorrect response. During play, exercises are selected based on the chance 
that a student can complete it correctly. In this manner, students are presented with 
items appropriate for their skill level. Students can select playing in one of three 
difficulty settings: easy, medium, or hard. The selected difficulty setting determines 
the probability that a student could answer the question correctly, which was 90% for 
easy, 75% for medium, and 60% for hard.

Students were rewarded for both accurate and fast responses. During play, the bottom 
of a screen showed a row of 20 coins, one of which disappeared every second. This 
row signified the time left for the student to complete the exercise. If an answer was 
correct, the remaining coins on screen were collected; if the answer was incorrect, 
the remaining number of coins was subtracted from the total number of coins 
gained thus far. No coins were earned if the question mark was selected rather than 
providing an answer. Consequently, more coins were rewarded for accurately and 
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quickly completing an exercise, and students were penalized for rapid and incorrect 
responses. The reward system stimulated answering quickly when the answer was 
known, but discouraged guessing quickly when an answer was unknown (Maris & van 
der Maas, 2012). The different games are described below.

Translation Game. The goal of this game was to learn vocabulary by linking the 
orthographic and phonological form with the correct translation, thereby learning 
what the FL word means. Vocabulary was practiced using a multiple-choice 
translation exercise. The spoken and written form of an English word were presented 
simultaneously, accompanied by six multiple-choice Dutch translations (for example 
toy shop, with the multiple-choice options speelgoedwinkel (toy shop), kattenkruid 
(catnip), reeks (series), vlieger (kite), pet (cap) or elf (fairy), see Figure 1). Students had to 
choose the correct translation of the English word. The game contained 1996 items 
based on levels A1, A2 and B1 of the Common European Framework of Reference for 
Languages (CEFR) (Council of Europe, 2001). Pronunciations were generated using 
ReadSpeaker software (ReadSpeaker, 2019).

Figure 1. Screenshot of the Words&Birds translation game. The player has to select the 
translation for the target word (toy shop), which should be ‘speelgoedwinkel’. 



Chapter 5

108

Spelling Game. This game focused on orthographic knowledge and its connection with 
phonology through dictation: Students had to provide the correct spelling of a word 
based on its given pronunciation. Students were first presented with a play-button 
(see Figure 2). When clicked, a spoken English sentence was played, after which one 
word of the sentence was repeated (for example, “The owl lives in a tree - owl“). Then, 
students had to type in the spelling of the repeated word and confirm their answer by 
pressing the enter key or clicking OK. This game had an item bank of 2739 items based 
on levels A1, A2 and B1 of the CEFR (Council of Europe, 2001). Pronunciations were 
generated using ReadSpeaker software (ReadSpeaker, 2019).

Figure 2. Screenshot of the Words&Birds dictation game. The player clicks on the play 
button, hears a word and has to type it.
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Rhyme Game. In this game, students practiced phonological knowledge and its 
connection to orthography. Rhyming was practiced using a multiple-choice rhyming 
exercise (see Figure 3). Each exercise started with a play-button on the screen. When it 
was clicked, the pronunciation and spelling of an English target word were presented, 
for example “mean”. The button could be clicked again to replay the pronunciation. 
Then students had to choose from four written English words which one rhymed with 
the target word. The rhymes of these answer options either matched the target word 
phonologically and orthographically (ghost– most; mean – bean) or only phonologically 
(ghost – toast; mean – queen). Additionally, the answer options either contained a 
distractor item with similar spelling but a different pronunciation (ghost – frost; mean 
– ocean), or not (ghost – pear; mean – food). After each answer, a play-button was 
displayed. When the button was clicked, the pronunciation of the target and the 
correct answer were presented aurally in succession. This facilitated the student in 
learning the pronunciation of the correct answer. To be able to answer correctly, it 
is crucial that students know the pronunciation of the answer, since looking at the 
spelling does not always provide the correct answer (as in mean – ocean).

Figure 3. Screenshot of the Words&Birds Rhyme game. The player hears and sees the 
target word (here, ‘good’), and has to select the correct rhyme (wood).
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This game contained 1681 different items taken from the item list from the 
translation and dictation game. Of this word list, it was determined which words 
rhymed and whether the rhyme was visible in the orthography (ghost – post) or not 
(ghost– toast). This information was used to generate four types of target word and 
answer combinations: (a) A correct rhyme with a similar spelling (ghost – post); (b) a 
correct rhyme with a different spelling (ghost – toast); (c) an incorrect rhyme with a 
similar spelling that can be used as a distractor item (ghost – lost); (d) or an incorrect 
rhyme with an incorrect spelling (ghost – bear). Words that had few or no rhymes 
present were complemented by rhyme words with a frequency higher than 100 per 
million extracted from the CELEX lexical database (Baayen, Piepenbrock, & Gulikers, 
1995). Using this information, target items and answers options were generated 
with either a matching spelling or mismatching spelling, and with either a distractor 
answer or not. This resulted in 340 items with a matching spelling and no distractor 
answer, 181 items with a matching spelling and a distractor answer, 883 items with 
different spelling and no distractor answer, and 277 items with different spelling and 
with a distractor item. Pronunciations were generated using ReadSpeaker software 
(ReadSpeaker, 2019).

Letter Scramble Game. In the letter scramble game, students practiced the 
orthography of a word, and also its relationship with semantics. Students had to put 
scrambled letters in the correct order to get a word. Students were shown letters of 
a word in a random order, accompanied by the semantic category it belongs to (see 
Figure 4). Students had to drag the letters in the correct order to form the intended 
word using the mouse or the touchscreen and click OK. For example, when presented 
with the letters o m a t t o and the category ‘fruit and vegetables’, the correct answer 
was tomato. The game consisted of 1377 exercises based on levels A1, A2 and B1 
of the CEFR (Council of Europe, 2001). Since the semantic category provides a clue 
for the right answer, this game not only trains orthographic knowledge, but also its 
connection with semantics.
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Figure 4. Screenshot of the Words&Birds Letter Scramble game. The letters form the 
word tomato.

Implementation. In the first two weeks, two lessons were reserved for the researcher 
to introduce the program to the students together with the teacher. These sessions 
also allowed students sufficient time to complete the exercises in class. In the 
subsequent weeks, one English class was devoted to the intervention. In the other 
English classes of that week, students received their regular instruction, but the 
English teacher spent 10 minutes providing the plenary feedback. Halfway through 
the intervention in week 6, the researchers revisited the schools to answer questions 
students might have about the program and check if there were any technical issues 
that needed resolving. During that visit, the researchers also showed an overview 
of which class completed the most exercises on average. In the final week of the 
intervention, researchers returned to the classroom to wrap up the intervention and 
give a final overview of the students that had completed the most exercises.

Prior to the intervention, all teachers received a training from the researchers on 
how to carry out the intervention. In the training, teachers received a road map of 
the schedule of the intervention, including a manual on how to check the number of 
completed exercises per student and what were commonly made mistakes for each 
game per student. Every week, the researchers contacted the teachers to address 
any questions or concerns and provided the teachers with the plenary feedback. The 
teachers themselves checked whether students completed enough exercises every 
week and encouraged the students to complete their homework if needed.
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Measures

Intervention Vocabulary. We created an intervention-specific test of vocabulary 
to measure knowledge of words that were taught in the intervention. Such an 
intervention-specific vocabulary measure has been found to be more sensitive to 
intervention effects than standard vocabulary measures (Marulis & Neuman, 2010). 

The test translation test closely matched the format of the translation game, except 
that it was administered as a pen-and-paper test. Each word in the test was followed 
by five Dutch answer options for each word. The student had to circle the correct 
Dutch translation (for example the English word theft accompanied by the multiple-
choice options diefstal, test, thee, herfst, hen). The test included 60 target words that 
could have been encountered during the intervention (the intervention list), and 
60 control words from the same item bank that were not included in the current 
intervention (the control list). For both words lists we selected three groups of 20 
items from all possible items. These groups of items represent three different player 
skill quantiles for students in Grade 7 (low, medium and high ratings). For each group, 
we selected 20 random items based on the item difficulty such that the expected 
probability of a correct response for the player in the ability group was around .6 
(using a normal density with a mean of .6 and a SD of .1). This resulted in two lists 
matched for item difficulty.

Answers were scored as correct or incorrect, resulting in a maximum score of 60 for 
the control list and for the intervention list. Cronbach’s alpha was .92 at pretest and .95 
at posttest for the control list and.90 at pretest and .94 at posttest for the intervention 
list. The test was administered in a classroom setting to the intervention group only. 
Therefore, instead of comparing performance of the intervention group to the control 
group, performance on the intervention list was compared to performance on the 
control list.

General Vocabulary. General English vocabulary knowledge was measured using 
a shortened version of the Peabody Picture Vocabulary Task, Fourth Edition (PPVT, 
Dunn & Dunn, 2007), so it could be administered in a classroom setting. The PPVT 
is designed to be administered individually and consists of 19 sets of 12 items. An 
adapted and class-based version has been used successfully before (Pasquarella, 
Chen, Lam, Luo, & Ramirez, 2011; Sparks & Deacon, 2015; Wang, Nickels, Nation, & 
Castles, 2013). For the current version, 4 items (every third item) per set (set 1 to set 
15) were selected, thereby covering a wide range of vocabulary knowledge. The 60 
items were presented in a booklet given to the student, with 4 pictures per item. The 
target word was read aloud by an experimenter or the spoken word was played on a 
speaker (for example: “Fern”). Students had to select the picture that best represented 
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the meaning of the spoken word. Answers were scored as correct or incorrect with a 
maximum score of 60. The Cronbach’s alpha for this test was .81 at pretest and .80 
at posttest.

Spelling Task. Spelling was measured by an English dictation test, consisting of 20 
target words. The target words were embedded in sentences which were read aloud 
by the experimenter (e.g. “This flower looks beautiful. – beautiful”). The student then 
had to write down the target word. The list of items increased in word length and 
difficulty (ranging from two to mathematician). Most had an irregular spelling because 
a test consisting of regular words was deemed too easy with the risk that many scores 
would be at ceiling. The test consisted of nouns, adjectives, conjunctions, and verbs. 
All responses were scored as correct or incorrect, with a maximum score of 20. This 
test had a Cronbach’s alpha of .81 at pretest and .82 at posttest.

Reading Accuracy. Reading Accuracy in English was measured with the regular 
and irregular word list of the Castle and Coltheart 2 task (Castles et al., 2009). In 
this task students had to read aloud a list of 40 regular (e.g. check) and 40 irregular 
(e.g. cough) English words as accurately as they could. There was no time limit. The 
words were presented in the same order as the original test, printed on a sheet 
of paper. Pronunciations were scored as correct or incorrect by the experimenter. 
These errors demanded the distinction between decoding errors from systematic 
articulation errors due to the accent of the Dutch learners. Decoding errors were 
scores as incorrect, whereas systematic articulation errors due to the L1 were not. 
The maximum score was 80. The test had a Cronbach’s alpha of .84 at pretest and .83 
at posttest.

Reading Fluency. Word reading fluency was measured using the Sight Word Efficiency 
subtest of the Test of Word Reading Efficiency second edition (TOWRE, Torgesen, 
Wagner & Rashotte, 2012). The Sight Word Efficiency subtest consists of 109 regular 
and irregular words of increasing difficulty (for example go, horizon). Students had 45 
seconds to accurately read as many words as possible. The same scoring rules were 
used as for the reading accuracy task. This test is reliable for native English speakers, 
with internal consistency ranging from .86 to .97 (Hayward, Stewart, Phillips, Norris, 
& Lovell, 2008).
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Procedure

In both the control group and intervention group, pretesting was done in November-
December (i.e., 2-3 months after the start of the school year). The individual reading 
tests were administered in a quiet room in a 40-minute session and the plenary 
vocabulary and spelling tests were administered in a classroom setting in two sessions 
of 40 minutes. In January or February, the intervention group started with the 12-
week intervention, while it was business as usual for the control group. Researchers 
revisited the schools in April-June to administer the posttests, which consisted of the 
same tests as the pretest. Due to logistic challenges, a small number of students (6%) 
in the control group completed their pretest in January. The intervention study was 
approved by the Ethics Review Board of the Faculty of Social and Behavioural Sciences 
of the University of Amsterdam (project number 2017-PML-8388).

Analysis

The relationship between EFL proficiency and performance in the games was 
investigated via correlational analyses and a principal component analysis. Hierarchical 
Linear Modeling (Snijders & Bosker, 2012) was used for all other analyses. Analyses 
were carried out in R (R Core Team, 2018) using maximum likelihood estimation in the 
package nlme (Pinheiro, Bates, DebRoy, Sarkar, & R Core Team, 2018). The Hierarchical 
Linear Models consisted of three levels, time points nested in students and students 
nested in classes. For all models, we added random intercepts for students and 
classes and a fixed effect of Time, in which the pretest was used as the reference 
category, coded as zero. Depending on the analysis, other fixed effects such as Group 
(control group, intervention group) were added, as well as an interaction of that fixed 
effect with Time. A significant positive interaction would indicate that students in the 
intervention group improved more across time than students in the control group. 
These specific analyses are detailed further below. All models were built up by adding 
the random intercepts first and subsequently adding the fixed effects. Significance 
of random intercepts are tested via inspection of the ICC and whether adding the 
random intercept to a model led to significant better model fit according to a χ2 
difference test. Significance of fixed effects are tested using p-values of the final model 
that includes all fixed effects and whether addition of the fixed effect led to significant 
better model fit according to a χ2 difference test. All continuous data for both time 
points were transformed to standard normal scores (with a standard deviation of 1 
and a mean of 0). Therefore, the parameter estimates can be interpreted as effect 
sizes; the coefficients for the fixed effects can be interpreted as the effect size Cohen’s 
d for dichotomous variables and r for continuous variables. 



EFL Vocabulary Learning Through Online Practice

115

Hierarchical Linear Models were also conducted to compare performance between 
groups and the influence of play frequency on game scores and posttest EFL 
outcomes. To investigate whether students learnt the specific words that were 
trained in the intervention, we first we computed the percentage of words that were 
translated correctly during the intervention, for words with 0, 1, 2 or 3 encounters 
and we explored mean differences between these types of words on the vocabulary 
post-test. Then we compared performance on the intervention vocabulary test for the 
control list (coded as zero) and the intervention list using Hierarchical Linear Models. 

Results

Data screening

Missing data, caused by absence, illness or drop-out, was less than 2% of the total 
number of scores. Including or excluding outliers (defined as scores that deviated 
more than 3 SDs from the mean, 11 scores in total) did not affect the outcomes, 
so all available data were included. The outcome variables were approximately 
normally distributed, with skewness and kurtosis smaller than 2.58, which is deemed 
acceptable (Field, 2013). There were no significant differences between control group 
and intervention group at pretest for vocabulary, spelling, reading accuracy, and 
reading fluency, all p = ns.

Relationship between Game Scores and Vocabulary, Spelling, 
Reading at Pretest

The main elements of the intervention were the four games that can be conceived as 
tasks related to vocabulary, reading and spelling. To make sure that the games are 
indeed related to these aspects of word knowledge, we investigated if performance 
on the games was correlated with performance on the standard tests of vocabulary, 
reading and spelling at pretest. The correlations among the scores on the standard 
tests and the games are reported in Table 1. There were weak to moderate 
correlations among the initial Game Scores of the Words&Birds games. Furthermore, 
there were moderate and significant correlations between pretest scores (general 
vocabulary, reading and spelling) and initial game scores. What stands out is that 
each measure correlated most with the initial score obtained in the translation game. 
Note that the translation game is the only task that presents the student with the 
written word, its pronunciation and its meaning (the Dutch translation). Together, 
these correlations are taken to mean that the English proficiency was related to initial 
in-game performance. This is supported by a principal component analysis that was 
conducted on the game scores and the test scores showing only one component with 
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an eigenvalue larger than 1 (see Table 1 for the factor loadings). This component had 
a total explained variance of 55.54%. As expected, the translation game score had 
the highest factor loading on this common component, followed by the spelling and 
reading measure.

Table 1

Correlations for the Pretest Scores and Game Scores at the Beginning of the Intervention

Factor 
Loadings

1 2 3 4 5 6 7 8

Pretest

1. General Vocabulary .61 -

2. Spelling .84 .46 -

3. Reading Accuracy .82 .51 .66 -

4. Reading Fluency .84 .50 .71 .69 -

Game Scores

5. Translation .81 .44 .60 .56 .61 -

6. Dictation .65 .21 .43 .44 .49 .58 -

7. Rhyming .69 .31 .54 .53 .49 .50 .39 -

8. Letter Scramble .65 .31 .48 .40 .49 .51 .40 .41 -

Note. All correlations are significant at p < .01; Factor loadings are the correlations 
between the tests and game scores with the first component of the Principal 
Component Analysis.

Results of the Intervention

Students in the intervention group completed 1852 exercises on average (SD 
= 574, Range = 533-3584), which was 64% of the overall number of exercises that 
was intended. For each game, the average number of completed exercises ranged 
between 19% and 124% of the number of exercises that was intended. Students 
completed most exercises in the letter scramble game, followed by the translation 
and the rhyming game (see Appendix). Students completed the least number of 
exercises for the dictation game. Despite large variations in the number of completed 
exercises, overall, students actively participated in the intervention.
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Students not only actively participated in the intervention, but they also got better 
at the games they played. We found that the game scores significantly improved 
between pretest and posttest (see Table 2). For each game, the difficulty of the 
exercises was adjusted to the game scores. Therefore, the increase in game score 
also indicates that, during the intervention, students were presented with exercises 
of increasing difficulty.

Table 2
Average (SD) Number of Completed Exercises and average Game Scores 

Translation Dictation Rhyme Letter 
Scramble

Game Score at beginning 2.66 (1.07) 0.04 (1.92) 3.27 (2.29) 3.75 (1.39)

Game Score at end 3.88 (1.50) 1.19 (2.13) 9.34 (4.54) 6.37 (1.14)

Difference between Game Score 
at beginning and end (Cohen’s d) 1.14 0.60 2.65 1.89

Effect on Intervention Vocabulary

To investigate if students learnt the words that were trained in the intervention better 
than words that were not trained, we compared the performance on the intervention 
vocabulary test for the control and intervention list. The descriptive statistics for the 
control list and intervention list at pretest and posttest are presented in Table 3. We 
ran a Hierarchical Linear Model with fixed effects for Time, List Type (control list or 
intervention list, with control list coded as zero) and their interaction. The outcomes 
of this model are reported in Table 4. The Intraclass Correlation (ICC) from the 
intercept-only model showed that there was substantial variance on the Class level 
(.114) and the Student level (.502). The fixed effect of Time showed a small to medium 
effect (d = .36) of students performing better at posttest than at pretest. The fixed 
effect of List Type showed that there was a small overall difference (d = .19) between 
list type, with students performing better on the intervention list than the control 
list. However, these main effects were qualified by a small but significant interaction 
(d = .22) between List Type and Time. This result suggest that students’ vocabulary 
improved more on the list of words that were practiced during the intervention than 
the list of words that were not practiced, as expected. 
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Table 3
Mean (SD) Test Scores in the Control and Intervention Group 

Control Intervention

Pre Post Pre Post

M SD M SD M SD M SD

Intervention
vocabulary: 
Control List

- - - - 24.58 10.45 28.59 12.88

Intervention
vocabulary:
Intervention List

- - - - 26.58 10.45 33.48 11.08

Vocabulary 37.87 5.51 41.17 5.39 37.70 5.42 41.86 5.77

Spelling  5.96 3.21  7.41 3.51  6.19 3.57  8.13 3.96

Reading Accuracy 49.93 7.55 51.56 7.42 48.49 6.95 51.05 6.32

Reading Fluency 58.25 9.69 62.53 8.79 57.09 9.66 62.53 9.10

Table 4
Parameter Estimates for the Fixed Effects of Time, List Type and their Interaction in Pre-
dicting the Intervention Vocabulary Outcomes

Fixed Effects B SE p

Intercept -0.33 0.16   .037

Time  0.36 0.06 <.001

List Type  0.19 0.06   .002

Time * List Type  0.22 0.09   .009

Note. B = unstandardized regression coefficient; SE = Standard Error.
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The reported intervention effect on intervention vocabulary is likely to be an 
underestimation of the effect. In the practice games students were presented with 
words tailored to their performance level. Therefore, students did not necessarily 
encounter the same words. In the intervention vocabulary test, however, the same 
set of words was administered to all students. This means that many words that were 
present in the intervention list were not necessarily practiced during the intervention 
itself. Indeed, from the 60 words in the intervention list, students had encountered on 
average 19.29 (range: 0-40, SD = 8.15) words during the intervention.

To explore whether students learned more translations for words that were 
encountered more often during the intervention, we investigated the differences 
between words that were encountered 0, 1, 2 or 3 times. As words were encountered 
more often in the translation game during the intervention, the accuracy increased. 
On average, students correctly translated 50% of words that were not encountered 
during the intervention at posttest (n = 6312), compared to 57% of the words that 
were encountered once (n = 2028), 62% of the words that were encountered twice 
(n = 638) and 64% of the words that were encountered three times (n = 236). On 
the pretest, students’ performance on these types of words was very similar, as  
42-44% was translated correctly. From the results of the intervention vocabulary 
test, we conclude that, even though many words from the intervention list were not 
seen, the effect of the intervention on the trained words was still apparent, since the 
students could translate significantly more words of the intervention list than of the 
control list.

Effect on General Vocabulary, Reading and Spelling

To investigate whether the intervention group showed a larger improvement 
across time than the control group, we ran Hierarchical Linear Models with general 
vocabulary, spelling, reading accuracy, and reading fluency as the outcomes. The 
model included fixed effects for Group as well as the interaction between Time 
and Group. Outcomes of the analyses are reported in Table 5. In the intercept-only 
models with spelling, reading fluency and reading accuracy outcomes, we found that 
the ICC for at the Class level ranged between .10 and .16 and the ICC at the Student 
level between .56 and .62. For vocabulary, there was less variance on the Class level, 
as the ICC was .02 for classes and .43 for students. Still, we included the random 
intercepts for both levels for all models, to allow comparisons between the different 
outcomes. On all measures, we found a significant improvement between pre- and 
posttest (Time). The effect sizes ranged from a small effect for reading accuracy (d = 
.23) to medium effects for spelling (d = .40), reading fluency (d = .44) and vocabulary 
(d = .59). Overall, there were no significant differences between the control group and 
intervention group. However, there was a small but significant interaction of time 
and intervention group for spelling (d = .14) and reading fluency (d = .12). For reading 
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accuracy, the interaction approached significance (d = .13, p = .08). These results 
indicate that the intervention group improved more between pretest and posttest 
than the control group in reading and spelling. For general vocabulary, however, the 
difference in improvement between the groups was not significant.

Effects of Practice Frequency

Effects of Practice Frequency on Game Scores. We investigated whether the 
number of completed exercises predicted how much students in the intervention 
group improved on their game scores, the intervention vocabulary and the posttests. 
As can be seen in Table 6, except for the translation game, the number of completed 
exercises correlated more strongly with game score at the end of the intervention 
than with the initial game score. This pattern suggests that the number of completed 
exercises was related to growth in game scores. To test whether play frequency 
predicted improvements in Game Scores, we ran Hierarchical Linear Model in which 
Game Score was the outcome, with a fixed effect of Time and Completed Exercises 
for that game. Cohen’s d for the interaction between Time and Completed Exercises 
is reported in the last column of Table 6. Number of completed exercises uniquely 
contributed to growth in game scores for Rhyme and Letter Scramble, but not for 
Dictation and Translation. These findings indicate that practicing the games led to 
higher game scores (and subsequently more difficult exercises) for the rhyme and 
letter scramble game, but that practicing did not necessarily make students better at 
the dictation and translation game.

Table 6
Correlations of Number of Completed Exercises with Game Scores for each Game

Correlation with
Completed Exercises Begin Score End Score Cohen’s d

Translation -.02 .01 .03

Dictation   .18*  .34* .10

Rhyme  .03  .30*  .28*

Letter Scramble  .05  .35*  .18*

Note. Cohen’s d refers to the effect size of the interaction between Time and Com-
pleted Exercises.
* p < .05.
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Effects of Practice Frequency Vocabulary, Reading and Spelling. We next analysed 
whether students improved more on the words from the intervention vocabulary test 
if they encountered more of those words while playing the translation game. The 
number of target words that were encountered at least once during the intervention 
correlated significantly with the number of exercises a student completed (r = .64). 
We expected that the more often a word was encountered, the better it was learnt, so 
the number of encountered words would predict improvement on the intervention 
list, but not on the control list. This was analysed using Hierarchical Linear Models 
with fixed effects for Time, List Type, and the number of encountered target words, 
and their interactions (see Table 7). The scores for the vocabulary test and number 
of encountered words were transformed to standard normal scores. Using this 
approach, the parameter estimates can be interpreted as effect size Cohen’s d for 
dichotomous variables (Time) and r for continuous variables (Encountered Words). 
The outcomes show that, in addition to the interaction between Time and List Type, 
there was a significant interaction between Time and Encountered Words (r = .25). 
This indicates that the more words were encountered, the more students improved 
between pretest and posttest. We expected that the number of words encountered 
would affect improvements on the intervention list, but not on the control list. 
However, against our expectations, the three-way interaction between Time, Type 
and Encountered Words was not significant, so the effect of completed exercises 
holds for both the control list and the intervention list.

Table 7
Parameter Estimates for the Fixed Effects of Time, Number of Encountered Tawwrget Words 
and their Interaction in Predicting the Intervention Vocabulary Outcomes

Fixed Effects B SE p

Intercept -0.33 .16   .037

Time  0.35 .06 <.001

List Type  0.19 .06   .001

Words Encountered  0.11 .07   .133

Time*List Type  0.23 .08   .005

Time*Words Encountered  0.25 .06 <.001

Type*Words Encountered  0.04 .06   .528

Time*Type*Words Encountered -0.07 .08   .397

Note. B = unstandardized regression coefficient; SE = Standard Error.
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To investigate general effects of practice frequency on the test scores, we summed 
the number of completed exercises across games. This resulted in one reliable 
scale with a Cronbach’s alpha of .87. The number of completed exercises did not 
significantly correlate with either performance on the pretests or the initial game 
scores. This indicates that students’ English proficiency did not have an effect on their 
participation in the intervention.

In the intervention group, we investigated whether students that completed more 
exercises also improved more across time on the tests. We used a Hierarchical 
Linear Model with a fixed effect for time and the standardized number of completed 
exercises, and their interaction. A significant positive interaction would indicate that 
students improved more across time if they completed more exercises. The results 
are reported in Table 8. They show that the number of completed exercises was 
not significantly related to progress over time for vocabulary, spelling and reading 
accuracy. For reading fluency, however, there was a small significant effect that the 
more exercises students completed, the more they improved over time (B = .09).
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Discussion

Vocabulary acquisition is crucial for EFL proficiency. To properly learn words in EFL 
it is important that students learn the semantic, phonological and orthographic 
representations of words as well as their interrelations, which is difficult because 
of the complicated orthography-phonology relationship in English. Since there 
are large individual differences in EFL students, adaptive learning systems are a 
promising learning method, since they allow students to practice at their own level. 
Therefore, we evaluated the effectiveness of online vocabulary practice for Dutch 
Grade 7 students, using an integrated approach of word learning through practice of 
translation, spelling and pronunciation, implemented via Words&Birds (Words&Birds, 
Oefenweb, 2015), an adaptive word learning environment. During 12 weeks, students 
played four games that focused on acquiring semantic, orthographic and phonological 
knowledge, all deemed necessary for word learning. In a pretest-posttest design, we 
compared vocabulary knowledge, reading and spelling skills of students that followed 
the intervention with the performance of students in a control group.

As expected, students successfully learnt new words while playing the practice 
games, but the intervention group did not improve more than the control group on 
a general vocabulary test. However, students of the intervention group did show 
greater improvement on tests of reading and spelling, compared to students that 
received regular instruction. So overall, the intervention had a positive effect on the 
development of English proficiency. Note that the intervention replaced a lesson of 
regular instruction each week, so the intervention group received the same amount 
of instruction in EFL as did the control group.

With regard to vocabulary, we found that the intervention was an effective learning 
tool, since students learnt the translations of intervention-specific words, in line 
with previous studies on educational technology and EFL vocabulary learning (Lin 
& Lin, 2019). Even though students played four different games in the intervention, 
students likely learnt most of the translations in the translation game. Students’ 
learning gains were larger for words they encountered in the translation game during 
the intervention than those they did not, indicating that playing the translation game 
actually leads to more word knowledge. However, effects of the intervention did not 
result in an increase in general vocabulary knowledge. Note that the intervention-
specific vocabulary test and the general vocabulary test differed in two respects, 
the task format and the items they contained. In the current EFL study, a translation 
selection test (intervention-specific) and a picture selection test (general vocabulary) 
were used. In L1, it has been found that the format of a vocabulary test can affect the 
performance and what is measured (Bowles & Salthouse, 2008). For example, picture 
selection and produce-the-definition vocabulary tasks have differential relations 
to age in L1, as picture selection increases more across age than produce-the-
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definition does (Bowles & Salthouse, 2008). However, we believe it is not likely that 
the different outcomes for both vocabulary tests in this case are due to differences in 
test formats. For Dutch students, seeing the different pictures in the picture selection 
task is likely to automatically activate the Dutch words in memory. So, if students 
know the translation of a word, they would likely select the correct answer in both the 
translation selection and picture selection task.

Probably of more importance is that the intervention-specific and general vocabulary 
tests differed in the words they contained. It is therefore not surprising that the 
intervention was only effective for the test that specifically contained the words that 
were trained in the intervention. A meta-analysis by Marulis and Neuman (2010) 
showed that author-created vocabulary measures are more sensitive for intervention 
effects than standard vocabulary measures. Vocabulary is typically seen as part of 
declarative knowledge, i.e. knowledge that needs to be learnt. This does not generalize 
to unknown words. An exception in which word knowledge might generalize to other 
words is through morphological inflections of trained words. For example, knowledge 
of the word child could generalize to knowledge of the word childish. The lack of a 
generalization effect to the general vocabulary test underlines the importance of 
including both near and far transfer tests, as intervention effects are less prominent 
on far transfer tests (Fuchs et al., 2018). Overall, the results on vocabulary learning 
indicate that the intervention was successful for word learning, but its utility depends 
on the specific words that are presented, since only those words are learnt.

Effects of the intervention did transfer to general measures of reading fluency 
and spelling. The effect on reading accuracy approached significance. Students in 
the intervention group improved more in these skills than the control group. The 
intervention effect was small, but since the reading and spelling tests consisted of 
words that were not present in the intervention, it is likely that intervention-specific 
reading and spelling tests would have showed a larger intervention effect. Given 
that the few previous studies on L1 interventions using mobile-assisted technology 
did not seem to be effective for reading (Persson & Nouri, 2018; Sung et al., 2015), 
it is promising that we found the current intervention to be effective in fostering 
improvements in EFL word reading and spelling. These positive effects are likely due 
to the unique features of this intervention, namely the focus on all constituents of 
word knowledge, including learning orthographic and phonological knowledge during 
word learning. Acquiring orthographic and phonological knowledge is important 
for developing high quality lexical representations, which are in turn important for 
reading (Perfetti, 2007; Perfetti & Hart, 2002). 

Both orthography and phonology were explicitly trained in the dictation game and 
rhyme game. Therefore, it is likely that these games especially benefited the acquisition 
of reading and spelling. The dictation game facilitated both reading and spelling. In 
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this game, students were presented with the pronunciation of a word and had to give 
the correct spelling. By explicitly practicing spelling in this intervention, students likely 
gained orthographic knowledge and learnt how to spell these words. Additionally, 
improved orthographic knowledge also contributes to reading development. This 
finding is in line with studies that found that spelling practice fosters orthographic 
learning (Cordewener, Bosman, & Verhoeven, 2015; Shahar-Yames & Share, 2008) 
and does not only lead to improved spelling ability, but also reading ability (Graham 
& Santangelo, 2014).

More general orthography-phonology patterns were practiced in the rhyme game, 
in which students were presented with the spelling of a word and had to apply their 
knowledge of word pronunciations to select the rhyming counterpart. Through these 
rhyming exercises students probably learnt that similar orthographic patterns can 
have different phonological realizations (e.g. ghost, lost). This, in turn, stimulated 
students to generate multiple possible pronunciations for a written word. The ability 
to recognize which one of these possible pronunciations is correct is referred to as 
set for variability. This set for variability can be trained (Dyson, Best, Solity, & Hulme, 
2017), and has been shown to have a positive effect on word reading (Elbro, de Jong, 
Houter, & Nielsen, 2012; Tunmer & Chapman, 2012). For example, learning that -ost 
can be pronounced as ghost or lost, can help in recognizing the correct pronunciation 
for words like frost. Learning these grapheme-phoneme inconsistencies can therefore 
lead to improved reading. So even though word reading was not explicitly trained 
in the current intervention, improving lexical quality by practicing orthography and 
phonology likely facilitated word reading (Perfetti, 2007).

We found that students actively participated in the intervention and on average 
successfully completed 64% of the intended exercises. However, variability in this 
amount of practice was not related to the amount of progress in the vocabulary, 
reading and spelling performance. The role of play frequency on game scores was 
also limited, despite the fact that students’ game scores did improve. An increase in 
game score means that students became more proficient in each of the games within 
the intervention and were presented with increasingly difficult exercises. With the 
exception of the rhyme and letter scramble games, there was no effect of practice 
frequency on the increase in game score.

The relationship between practice and game scores in the rhyme and letter scramble 
game scores is most probably due to a task-specific practice effect. These games 
contain specific tasks that students are not likely to practice outside of the games, 
such as solving an anagram in the letter scramble game or deciding which English 
words rhyme in the rhyme game. In addition, the letter scramble game requires 
quickly dragging the letters to the correct position. It is likely that practice leads 
to improvement in this specific computer skill, leading to faster response time, in 
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turn leading to higher game scores. These skills were probably only practiced in 
Words&Birds. This means that the more exercises a student completed, the better 
students become at this specific aspect of the task and the more their game scores 
increased. There are several reasons why practice frequency would not affect the 
game scores for the translation and spelling games. In contrast to the rhyme and 
letter scramble games, the translation and spelling games are types of tasks that 
students do practice often outside of the games. Additionally, these games require 
specific knowledge of word meaning and spelling that do not necessarily transfer to 
other words within the game. As shown in the intervention-specific vocabulary test, 
students learnt the translations of words they encountered, but this knowledge did 
not transfer to more difficult exercises. The letter scramble game and rhyme game 
are arguably more skill based than the dictation and translation game, so it makes 
sense that practice is more strongly related to increases in performance within these 
games. 

The amount of practice was not important for students’ improvement in general 
vocabulary, reading and spelling. This finding is in line with the results of a meta-
analysis showing no relationship between play duration of digital games and learning 
outcomes (Clark, Tanner-Smith, & Killingsworth, 2016; see also McTigue, Solheim, 
Zimmer, & Uppstad, 2019). A possible reason for the absence of an effect of amount 
of practice is that the relationship between practice in a game and improvement 
in performance is not linear. Since 91% of the students completed at least 1000 
exercises over all games (and 86% completed at least half of the assigned exercises), 
it is possible that this number of exercises is sufficient for positive effects on reading 
and spelling. Possibly, this minimal amount of practice was reached by almost all 
students, and increased practice does not enlarge the effects of the intervention 
further (see for a similar argument Clark et al., 2016). 

Even though the intervention had positive effects on learning outcomes, it is difficult 
to pinpoint precisely which aspects of this intervention were effective. Apart from the 
games themselves, a possible effective part of the intervention might be the plenary 
feedback sessions the teacher provided. Several meta-analyses suggest that learning 
outcomes of digital games are larger when the games are not played alone but when 
learning is supervised and supported by adults (Clark et al., 2016; McTigue et al., 
2019). In this intervention, students mostly did the games in class. Moreover, based 
on the errors made in the different games, students received weekly feedback from 
their teacher on error patterns in that class. The explicit attention to the students’ 
error patterns might have been important to provide students with a strategy they 
can use to improve their skills. For example, feedback from the dictation game might 
provide students with explicit spelling rules, which has been shown to be an effective 
way to learn spelling (Cordewener et al., 2015). Similarly, knowledge of how irregular 
words are spelled can help students in their word reading (Conrad, 2008).
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Another possible effective aspect of the intervention relates to the way the content 
was presented. In this intervention, the content was presented adaptively in a digital 
environment, quite different from regular classroom instruction. The novelty of 
using technology during class might lead to increased motivation in students. Digital 
interventions might lead to increased motivation, as students generally have very 
positive attitudes towards using educational technology for language learning (Viberg 
& Grönlund, 2013). Students especially favour the individualization that educational 
technology offers. In the current study, this individualization is reflected in the adaptive 
presentation of exercises. An advantage of adaptivity is that it might create flow, which 
refers to an ideal state of concentration that results from an ideal task difficulty. If a 
task is too easy, students might get bored, but if a task is too difficult, students might 
get anxious. If the task difficulty is just right, students can be totally immersed in the 
task, which is referred to as a state of flow (Nakamura & Csikszentmihalyi, 2014). Flow 
is associated with increased motivation and has positive effects on learning (Hamari et 
al., 2016). Because of the adaptive presentation of exercises in Words&Birds, students 
in the intervention were not presented with exercises that were either too easy or 
too difficult, which might have resulted in a state of flow and associated increased 
learning effects. However, we have to acknowledge that whether the students did 
experience flow while playing was not recorded and therefore is unknown. Future 
studies on adaptive learning could take this into account by for example measuring 
flow and immersion using questionnaires (Fu, Su, & Yu, 2009).

Limitations

The current results of the intervention with adaptive practice games on EFL acquisition 
are promising, but some limitations of our study need to be pointed out. Even though 
students were carefully matched on educational track and English proficiency at 
pretest, we have to acknowledge that there are other aspects that could have differed 
between the groups, such as differences in the quality of teachers, or differences 
between classes in anxiety regarding foreign language learning (Sparks, 1997).

A second limitation is that the adaptive presentation of the games might not only have 
positive effects but could present a disadvantage as well. Because of the adaptive 
presentation, the selection of an exercise is only based on item difficulty. Therefore, 
positive effects of repetition and spacing on word learning are not taken advantage 
of (Pavlik & Anderson, 2005). Possibly, the adaptive learning system can be improved 
by combining the algorithm for presenting items of an appropriate difficulty, with an 
algorithm that repeats items in optimal intervals conducive for learning (see van Rijn, 
van Maanen, & van Woudenberg, 2009).
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The current intervention used an integrated approach to word learning by fostering 
interrelations between semantics (translation), orthography and phonology. However, 
it could be regarded as a third limitation that we did not systematically present the 
same set of words in each game. For example, a word from the translation game was 
not necessarily also present in the spelling game. Still, we did find that the current 
integrated approach improved reading and spelling skills. However, according to the 
lexical quality hypothesis it is important that all constituents and their interrelations 
are learnt for every individual word (Perfetti, 2007; Perfetti & Hart, 2002). Possibly, 
systematically practicing the same words in all games and measuring how well the 
constituents for these specific words are associated, could lead to larger intervention 
effects.

The focus in this study was on word learning, with specific emphasis on learning the 
meaning, orthography and phonology of the new words (Perfetti & Hart, 2002). These 
are primary in word learning, but the next step for EFL students would be to focus on 
acquiring syntax and morphology as well (Jiang, 2000). Syntax and morphology are 
instrumental to progress from word reading to reading comprehension in a foreign 
language (Stafura & Perfetti, 2017). From the current study we cannot conclude 
whether time spent on the intervention possibly came at the expense of learning 
morphology and syntax. Therefore, it is of importance to measure and train syntax 
and morphology in future intervention studies on online language learning. This 
could be achieved by, for example, carrying out interventions that focus on training 
morphological inflections, which is shown to have positive effect on literacy (Goodwin 
& Ahn, 2010).

Conclusion

The current study is one of the first studies on EFL learning using educational 
technology focused on both vocabulary acquisition as well as improving reading 
and spelling. Overall, this study shows that this adaptive online word learning 
intervention was successful in learning word translations, but only for words that 
were encountered. Furthermore, the intervention improved reading and spelling 
skills. Even though the intervention effects were small, the intervention was at least 
as effective as regular instruction, since students followed this intervention instead of 
a part of regular instruction. Therefore, this study shows that teachers can effectively 
make use of the benefits afforded by the online program, such as the convenience of 
online practice and enabling students to practice at their own level. Likely, it is not only 
the online practice element that is effective, but also its combination with feedback 
and practice in the classroom. Overall, we conclude that the Words&Birds intervention 
can be a effective tool for EFL vocabulary acquisition as well as for improving reading 
and spelling.
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Appendix

Average (SD) Number of Completed Exercises per Game per Class.

Class Number 1 2 3 4 5 6 Average

Translation 469
(136)

418
(171)

449
(72)

465
(147)

588
(208)

559
(140)

491
(161)

Dictation 366
(165)

281
(204)

397
(98)

415
(144)

533
(203)

510
(122)

417
(180)

Rhyming 480
(201)

424
(183)

393
(145)

336
(146)

549
(198)

470
(149)

441
(182)

Letter scramble 493
(96)

451
(145)

491
(154)

482
(118)

557
(173)

546
(184)

503
(151)

Total 1808
(478)

1574
(619)

1729
(339)

1698
(444)

2228
(733)

2084
(505)

1852
 (573)
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CHAPTER 6

General Discussion

The current dissertation was conducted to gain more understanding in the 
development of English word learning and ways to foster it in in students learning 
English as Foreign Language (EFL) with Dutch as their first language (L1). Word learning 
was assessed because of its pivotal role in language learning. Our viewpoint was that 
knowing a word well entails knowledge of the different elements of a word, namely 
a word’s translation, spelling, and pronunciation. The dissertation contained three 
research aims. The first research aim was to evaluate whether EFL development could 
be predicted, more specifically, whether there is added predictive value of a measure 
that tests word learning ability (Chapter 2). The second research aim focused on the 
question of how words are learned, and to what extent availability of one element of 
a word can make it easier to learn the other elements of a word as well (Chapter 3 
and 4). Finally, the third research aim was to evaluate whether word learning could 
be improved by focusing on the acquisition of all word elements, using a computer-
based intervention with adaptive learning (Chapter 5). In the current chapter we will 
discuss the findings from the different chapters.

Prediction of EFL Development

The first research aim focused on the prediction of EFL proficiency. Accurate prediction 
of EFL development facilitates identification of struggling EFL learners, which is 
important in the educational setting. However, prediction of EFL development is 
challenging as differences can emerge due to language ability as well as to individual 
differences in exposure to the English language (De Wilde, Brysbaert, & Eyckmans, 
2020; Thijs, Trimbos, Tuin, Bodde, & De Graaff, 2011). Therefore, in Chapter 2, we 
investigated the predictive value of a measure of language aptitude, which refers to 
the ease and speed with which students learn a language regardless of their prior 
exposure or skills. Specifically, we examined a test of word learning ability, in which 
Grade 7 students learnt translations for words. This was done to mimic educational 
EFL practice, in which students generally learn words through translations (Hulstijn, 
2001). We expected that the efficiency with which students can learn new translations 
would predict their vocabulary growth.

We found that word learning ability had a significant but modest contribution to the 
prediction of EFL development: After controlling the starting level of EFL proficiency, 
word learning ability added between 1.8% and 3.4% to the prediction of development 
over 5 months in vocabulary, word reading, and spelling. The word learning task 
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consisted of two components, a verbal and an orthographic learning component. 
Similar to L1 studies, particularly verbal learning predicted vocabulary and reading 
(Gellert & Elbro, 2013; Litt & Nation, 2014), whereas the unique contribution of 
orthographic learning was limited to spelling (Byrne et al., 2008). The modest size of 
the contributions was also in line with L1 studies (e.g., Gellert & Elbro, 2013). These 
findings indicate that this specific language aptitude test may not be of much practical 
value for teachers, as it does not seem suitable to identify potential struggling learners.

There are several potential reasons why the word learning task only had a small 
contribution to the prediction of EFL development. As expected, there were large 
individual differences in EFL proficiency at the beginning of Grade 7. However, as 
students did not progress much between the two time points, these individual 
differences persisted throughout Grade 7. Probably, this time period was too short for 
students to make much progress, even though we had expected larger improvements: 
the first measurement was close to the beginning of Grade 7, which is the first year of 
high-school and the start of intensified formal English education in the Netherlands. 
Due to the increase in time spent on English learning, we expected that students 
would experience a sizeable growth in their EFL acquisition. 

Despite the fact that there was more English education in the classroom for all students 
in Grade 7, differences in out-of-school English exposure may have continued to 
play a relatively important role compared to education (De Wilde et al., 2020). This 
could be an explanation for the stability of EFL proficiency found in our sample. 
Possibly, effects of out-of-school exposure to English had already taken hold, and 
these individual differences in out-of-school English exposure might have persisted. 
For example, students who had a high amount of out-of-school exposure to English 
prior to Grade 7, might also be exposed more to English throughout this period. This 
would reduce the possible predictive value of the language aptitude task regarding 
differences in EFL development. Considering the stability and limited improvement in 
EFL proficiency, there is simply not much variance left to explain in terms of individual 
differences in development. 

Furthermore, it is possible that prior differences in out-of-school English exposure are 
partially confounded with differences in language aptitude, for it is likely that students 
with large language aptitude are more eager to seek out English exposure themselves. 
This relationship between language aptitude and environment can be considered a 
form of active gene-environment correlation. An active-gene environment correlation 
entails that the genetic disposition of individuals influences them to seek out an 
environment that fits their genotype. For instance, in L1, twin studies have shown that 
there is a large genetic component to reading ability. In turn, active-gene environment 
correlations have been found between reading ability and the tendency to seek out 
print exposure in the environment (van Bergen et al., 2018). Since language aptitude 
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is partly determined by genetics (Dale, Harlaar, Haworth, & Plomin, 2010), it is 
possible that at Time 1, students with a high language aptitude have already sought 
out and learnt more English. Possibly, our static measures of EFL proficiency already 
reflect language aptitude to a greater extent than we expected. If measures of EFL 
proficiency and language aptitude are confounded, this diminishes the contribution 
of a separate measure of language aptitude and logically, administering a separate 
test of language aptitude then has little added value. 

Facilitation Effects in Word Learning

The second research aim concerned the question of how to foster word learning. 
Previous L1 studies found that learning one element of a word could support the 
acquisition of the other elements of a word as well. For example, learning the spelling 
of a word facilitated learning the pronunciation or meaning of a word, and vocabulary 
knowledge enhanced reading of these words (Ricketts, Bishop, & Nation, 2009; 
Rosenthal & Ehri, 2008; Taylor, Duff, Woollams, Monaghan, & Ricketts, 2015). As these 
interrelationships have rarely been studied in EFL, we investigated whether the same 
interrelationships among learning the different elements of a word could be found in 
EFL. In order to address this question, we first discuss the benefits of the availability 
of orthography in vocabulary acquisition before discussing the benefits of vocabulary 
knowledge in word reading.

Availability of orthography and vocabulary acquisition. L1 studies have shown that 
seeing the orthography might facilitate acquisition of the word meanings (Ricketts et 
al., 2009; Rosenthal & Ehri, 2008). The effect of orthography on vocabulary acquisition 
is especially of interest in EFL learning, as EFL students often encounter new words 
in print first. Therefore, we examined whether the availability of orthography can 
promote vocabulary acquisition in EFL. This was studied in an experimental study 
(Chapter 3) as well as two developmental studies (Chapter 2 and 4).

We approached availability of orthography in two ways. The first was by measuring 
how much orthography was known in a spelling task (Chapter 4); the second by 
presenting orthography of new words in word learning experiments (Chapter 2 and 
Chapter 3). An interesting finding in these experimental studies was that incidental 
exposure was associated with considerable orthographic learning. Students were not 
explicitly instructed to pay attention to the spellings and did not know they would be 
tested on word reading or spelling. Orthographic learning apparently happens quite 
automatically. The self-teaching hypothesis states that orthography is specifically 
learnt through decoding letters into the sounds using phonological recoding (Share, 
1999). Our findings indicate that it is not necessary to read words out loud to gain 
orthographic knowledge and that substantial orthographic learning can take place 
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even without effort or the instruction to decode words. These findings match those 
of other orthographic facilitation experiments in L1 (Jubenville, Sénéchal, & Malette, 
2014; Miles, Ehri, & Lauterbach, 2016; Ricketts et al., 2009; Rosenthal & Ehri, 2008). 
In terms of self-teaching, it is likely that the students in our studies decoded words 
automatically, as they are already proficient (L1) readers. The fact that substantial 
orthographic learning takes place without explicit attention might make it a valuable 
element in (EFL) word learning.

Turning to vocabulary learning, EFL (oral) vocabulary knowledge generally 
encompasses knowledge of the English pronunciation as well as knowledge of the 
L1 translation equivalent. In Chapter 3, vocabulary knowledge was measured using 
both forward translation (Dutch to English, translating vogel to bird) and backward 
translation (English to Dutch, translating bird to vogel), both relying on knowledge 
of a word’s translation and pronunciation. However, whereas backward translation 
merely requires the recognition of the pronunciation, forward translation demands 
the recall and production of the correct pronunciation. Therefore, forward translation 
requires more detailed knowledge of a word’s pronunciation.

The findings from the experimental study reported in Chapter 3 regarding the 
facilitative effects of orthography on vocabulary acquisition were not straightforward. 
We found some evidence that the availability assisted acquiring the translation, but 
only in specific cases: The availability of orthography facilitated vocabulary acquisition 
if the words had to be translated from Dutch to English (forward translation), and 
especially for words with a regular spelling (e.g., the effect was visible in words such 
as tempest, with regular spelling, but less so the irregularly spelled words, such as 
quaint). The facilitative effect of orthography on vocabulary acquisition, through 
translation learning, thus seems limited. Since the facilitative effect of orthography 
only occurred for forward translation, requiring the pronunciation of the English 
word, we concluded that orthography most likely facilitated only the acquisition of 
a word’s pronunciation. This interpretation is further supported by the finding that 
the effect was larger for words with a regular than an irregular spelling. It is likely that 
students used the orthography as a mnemonic for learning the pronunciation, for 
example through orthographic mapping (Ehri, 2014). Orthographic mapping entails 
that students “glue” the orthography of a word onto the pronunciation using their 
knowledge of grapheme-phoneme-conversion (GPC) rules. This process is easier 
for words with a regular than an irregular spelling. By mapping the spelling to a 
pronunciation, a connection between the orthography and pronunciation is formed 
in memory, consequently strengthening the memory for the pronunciation.

The idea that the availability of orthography facilitates at most pronunciation learning 
is supported by various studies in which novel words are learnt with pictures in L1 
(Chambré, Ehri, & Ness, 2017; Ricketts et al., 2009; Rosenthal & Ehri, 2008), or in 
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a foreign language (Hu, 2008; Zhang, Li, Liu, & Chen, 2020). These studies found a 
facilitative effect of orthography on measures demanding pronunciation recall, but 
not on other measures, such as providing word definition. In relation to our EFL 
experiment, recalling a pronunciation is most similar to forward translation, and 
providing the definition is similar to backward translation. On these measures, we 
found a similar pattern of results as in the L1 studies.

The relationship between orthography and the acquisition of vocabulary knowledge 
was also investigated in Chapter 2. In this chapter, we investigated how orthographic 
learning and verbal learning in a word learning task contributed to vocabulary growth. 
The effect of the availability of orthography during learning was not a variable in this 
study (which was the case in Chapter 3), as the written form of a word was always 
present. Instead, the focus was on how well a student could learn the orthographic 
form of a word. In addition, verbal learning was measured, which mainly reflects how 
well a student can learn the pronunciation of a word. Vocabulary knowledge was 
measured using the Peabody Picture Vocabulary Task (PPVT, Dunn & Dunn, 2007), 
which requires the recognition of a word’s pronunciation and the selection of the 
correct meaning from a set of four pictures. This task therefore relies on knowledge 
of both pronunciation and the meaning of a word. 

In the word learning task, verbal learning and orthographic learning of the same words 
were (strongly) related. Students who learnt the orthography of a word successfully, 
likely also learnt its pronunciation (and vice versa). This finding fits with the results 
from the word learning experiment reported in Chapter 3, from which we concluded 
that learning the orthography of a word was related to learning its pronunciation. 
Furthermore, verbal learning and orthographic learning mainly had a shared 
contribution in the prediction of vocabulary growth, with a small additional unique 
contribution from verbal learning. This indicates that even though orthographic 
learning did contribute to vocabulary growth, the contribution of orthographic 
learning could be accounted for entirely by the contribution of verbal learning. The 
association between verbal learning and vocabulary development is in line with L1 
research (Gellert & Elbro, 2013), see also below.

Finally, the relationship between orthographic knowledge and vocabulary can also 
be studied in the data reported in Chapter 4, by investigating the contribution of 
existing orthographic knowledge on EFL development. This approach, which differs 
from Chapter 2, in which orthographic knowledge was manipulated, and Chapter 
3, in which orthographic learning rate was assessed, was reported on in Chapter 4. 
However, the study reported in Chapter 4 was focused on the outcome of reading 
development. Therefore, to investigate whether orthographic knowledge contributes 
to the development of vocabulary, an additional analysis was conducted. A regression 
analysis predicting Vocabulary at Time 2, showed that, after controlling for Vocabulary 
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at Time 1 (which accounted for 47.6% variance), Orthographic Knowledge at Time 
1 significantly contributed an additional 6.4%. This finding supports the idea that 
knowledge of orthography might support vocabulary acquisition. The study reported 
in Chapter 2 showed that the contribution of orthographic learning largely overlaps 
with, and can even be accounted for by, the contribution of verbal learning (learning 
pronunciations). Presumably, in the current results, the contribution of orthographic 
knowledge could also overlap with knowledge of pronunciations. However, as the 
current test battery lacked an appropriate measure of assessing existing knowledge 
of pronunciations, it is unknown to what extent the contribution of orthographic 
knowledge is independent from pronunciation knowledge.

Summing up, effects of availability of orthography on vocabulary acquisition were not 
strong or clear-cut. While both orthographic knowledge (Chapter 4) and orthographic 
learning (Chapter 2) contributed to vocabulary growth, it is not entirely clear whether 
orthography directly facilitated vocabulary learning, or whether orthography indirectly 
facilitated vocabulary learning through facilitating pronunciation learning. The 
findings reported in Chapter 2 and Chapter 3 tend to support the latter explanation. 
Results from Chapter 2 showed that the orthographic learning and verbal learning 
outcomes were interrelated and that contribution of orthographic learning to 
vocabulary growth could be accounted for by verbal learning. It thus seems likely 
that orthographic learning is related to learning pronunciations and in turn, these 
improved pronunciations might yield positive results on the vocabulary task, since 
vocabulary was measured using a vocabulary task that requires students to recognize 
a word’s pronunciation. This interpretation is further supported by our findings of 
the word learning experiment in Chapter 3, in which we found that the facilitative 
effect of orthography on vocabulary acquisition was likely limited to learning a word’s 
pronunciation. This facilitative effect was larger for regular words, and therefore 
likely occurred using orthographic mapping. This orthographic mapping secures 
pronunciations in memory by mapping the graphemes to the phonemes of the 
word, thereby bonding the spelling and pronunciation and enhancing memory for 
pronunciations (Chambrè, Ehri, & Ness, 2019; Ehri, 2014).

These findings make sense when considering that there is a logic to how orthography 
relates to phonology (in alphabetic languages), but the relationship between 
orthography and semantics is arbitrary. In most cases, a word’s spelling provides 
an indication for its pronunciation, but the way a word is spelled does not provide 
information about its meaning. So, the way in which the orthography could serve as 
a mnemonic for the meaning of a word is not obvious, whereas the orthography can 
provide a clue for the pronunciation allowing orthography to support acquisition of a 
pronunciation through the process of orthographic mapping (Ehri, 2014).



Chapter 6

140

Availability of vocabulary knowledge and word reading development. In 
addition to studying the role of the availability of orthography on vocabulary, we 
also investigated the role of vocabulary knowledge in word reading. Our results from 
the study reported in Chapter 4 indicated that vocabulary knowledge contributed to 
development of reading irregular words, but less for regular words. These findings 
are in line with a host of previous L1 studies (Nation & Snowling, 2004; Ouellette & 
Beers, 2010; Ricketts, Nation, & Bishop, 2007, see Taylor et al., 2015, for a review). 
They indicate that words that cannot be decoded because they have an irregular 
spelling have to be recognized, making knowledge of those words important for being 
able to read them. However, it must be acknowledged that due to the measures used 
in the current study, we cannot say for certain whether meaning is the element of 
vocabulary knowledge that actually contributes to reading, as pronunciation might 
also have played a role. In Chapter 4, the PPVT (Dunn & Dunn, 2007) was used to tap 
vocabulary knowledge. This task demands recognition of both a word’s meaning and 
pronunciation. Generally, it can be expected that students with higher vocabulary 
scores also know the pronunciations of more words. The finding that performance on 
the vocabulary task predicts reading could therefore be due to knowledge of a word’s 
meaning, pronunciation or both.

The relationship between vocabulary knowledge and word reading is also covered in 
Chapter 2. We found that the better students were at a word learning task, the more 
they improved in mainly irregular word reading. It is likely that students who are better 
at learning new words are likely to learn more words over time and can use this larger 
vocabulary to read irregular words correctly. This interpretation agrees with earlier L1 
studies on word learning tasks and reading (e.g., Clayton, Sears, Davis, & Hulme, 2018; 
Litt & Nation, 2014), in which the specific component of the word learning task that 
contributed most to reading development was verbal learning. Verbal learning relied 
on learning two elements of the word, namely learning the translation as well as the 
pronunciation of a word. This speaks to the issue of which elements of vocabulary are 
needed for reading (Chapter 4, above). Therefore, based on the data from Chapter 2 
and Chapter 4, we cannot fully distinguish whether availability of word meaning or its 
pronunciation is more important to reading development. 

The literature, however, contains evidence to suggest that it is the knowledge of 
pronunciations of words rather than the knowledge of their meaning that underlies 
the relation of vocabulary knowledge with irregular word reading. Reading a word 
aloud involves transforming the written form of a word to the correct pronunciation. 
Therefore, correctly reading an irregular word is difficult without knowledge of its 
pronunciation. Knowledge of the word’s meaning will not help in figuring out the 
correct pronunciation. This is supported by research in L1 English (McKague, Pratt, 
& Johnston, 2001; Nation & Cocksey, 2009). For instance, Nation and Cocksey (2009) 
separately measured students’ familiarity with the pronunciation, knowledge of word 
meaning, and reading accuracy for the same set of words. On item-level, they found 
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that prior knowledge of a word’s pronunciation contributed to especially irregular word 
reading. On top of knowledge of the pronunciations, knowledge of a word’s meaning 
did not contribute anything further to word reading. Similar findings are reported in 
word learning experiments, in which students were taught words with either only the 
pronunciation, or both the pronunciation and the word’s meaning (McKague et al., 
2001). McKague, Pratt and Johnston (2001) found that teaching the pronunciation of a 
word facilitated word reading, but that teaching both the pronunciation and meaning 
of a word did not additionally benefit word reading. However, this study consisted 
only of words with a regular spelling, whereas semantic knowledge can be expected 
to especially benefit reading irregular words. It would therefore be of interest to 
repeat this type of study in EFL, with both regular and irregular words. This type of 
study could be similar to the study reported in Chapter 3 but focusing on semantic 
facilitation instead of orthographic facilitation.

Although the association between knowledge of words (semantics, phonology, and 
orthography) and irregular word reading is reflected in most models of reading, such 
as the dual route model of reading and connectionist triangle frameworks (Coltheart, 
Rastle, Perry, Langdon, & Ziegler, 2001; Harm & Seidenberg, 2004), these models 
differ in the assumed role of knowledge of pronunciations or meaning in reading. 
For example, in the computational dual route model of reading (Coltheart et al., 
2001), reading involves two routes that are activated in parallel, a sublexical route 
and a lexical route. In the sublexical route a word’s written form is converted into its 
pronunciation using GPC rules. This route does not rely on lexical knowledge. The 
lexical route, for which vocabulary knowledge is more important, involves recognition 
of the orthography. Recognition of the written form activates a word’s entry in the 
orthographic lexicon, which, in turn, is connected to its corresponding entry in the 
phonological lexicon. The entry in the orthographic lexicon can activate the entry in 
the phonological lexicon either directly, or indirectly through the activation of the 
semantic system. Novel words can be read correctly using the sublexical route if they 
have a regular spelling. For irregular words, it is more important that they are read 
using the lexical route. Since the orthographic lexicon can activate the phonological 
lexicon directly, knowledge of meaning is not strictly necessary in this model. Thus, 
to read an irregular word correctly, it is important that word is stored in both the 
reader’s orthographic lexicon and phonological lexicon.

If a word with an irregular spelling is read through the sub-lexical route, a reader 
is likely to arrive at a spelling pronunciation that is incorrect, such as pronouncing 
pint as rhyming with mint. If, however, a reader can recognize the incorrect spelling 
pronunciation as belonging to a known pronunciation (Elbro & de Jong, 2017), the 
word can still be read correctly through the sub-lexical route. Knowledge of the 
pronunciation is thus crucial for irregular word reading, whether this takes place 
using the lexical route or by recognizing the spelling pronunciation.
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In contrast to the dual route model of reading, the connectionist triangle framework 
explicitly assumes that semantics is involved in (irregular) word reading (Harm 
& Seidenberg, 2004). In this model, word knowledge is represented by patterns 
of activated units distributed across the domains of orthography, phonology 
and semantics. The orthography, phonology and semantics are interconnected 
through layers of hidden units. In the process of reading, the orthography can 
activate the phonology either directly or indirectly, as the orthography can activate 
the semantics, which in turn activates the phonology. The direct pathway is more 
efficient as it includes fewer steps and therefore contributes more to reading aloud 
than the semantic pathway. Importantly, however, the indirect semantic pathway is 
simultaneously activated. The semantic pathway especially aids reading when the 
connection between orthography and phonology is compromised, as is the case for 
irregular words. Our interpretation that especially knowledge of pronunciations is 
needed for irregular word reading is more in line with dual route model of reading 
than the connectionist triangle framework.

Regardless of whether knowledge of pronunciation or meaning is dominant, our 
general finding that vocabulary knowledge benefits word reading is consistent with 
the lexical quality hypothesis (Perfetti & Hart, 2002). In this hypothesis, knowledge 
of a word’s pronunciation and meaning both add to the word’s lexical quality. The 
positive association attested in our study between vocabulary knowledge and reading 
agrees with the idea that high-quality lexical representations underlie proficient word 
reading.

The summary of our research into the question whether availability of one element 
of a word facilitates acquisition of the other elements during word learning is 
twofold. First, regarding availability of orthography, we found some evidence that 
this availability supports learning the pronunciation of a word. Second, vocabulary 
knowledge contributed to word reading, especially for irregular words, which is likely 
due to better knowledge of the pronunciation. The overall findings emphasize the 
interdependence of learning the orthography and pronunciations of words. The 
findings are less clear on whether learning word meanings or translations also factor 
into this. The implications for word learning in practice are more straightforward, 
as the availability of orthography during word learning is beneficial. It can foster 
improved knowledge of spellings and pronunciations and does not interfere with 
translation learning. In turn, improved knowledge of pronunciations should result in 
better performance on vocabulary and reading tasks. These implications were the 
starting point of the third component of this dissertation, a word learning intervention 
study.
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Improving EFL Acquisition

For the third research aim, we investigated the effects of an integrated approach to 
word learning with an intervention focused on learning the translation, spelling and 
pronunciation of words. In Chapter 5, we reported the results of the intervention 
aimed to improve word knowledge through four different exercises that included 
different combinations of a word’s orthography, pronunciation, and meaning. We 
expected that including these elements would allow students to form higher quality 
lexical representations, which would relate to better vocabulary knowledge as well 
as reading and spelling. The intervention was designed as a computer-assisted 
intervention that made use of adaptive learning. 

We found that students that followed the intervention did not improve more on 
standard vocabulary measures than the students who received regular EFL instruction. 
However, they did acquire specific vocabulary and progressed more on standard 
reading and spelling measures. Although these intervention effects were small, they 
show that the intervention was at least as effective as regular instruction, since the 
intervention replaced a part of regular instruction. Therefore, teachers can effectively 
make use of the benefits afforded by this computer-assisted intervention. That being 
said, it is difficult to identify with certainty what the specifically effective components 
of the intervention were, because instruction in the intervention and control group 
differed in several ways. Below, the outcomes are discussed in more detail and a 
number of these potential, but not mutually exclusive, effective components of the 
intervention are suggested.

Regarding vocabulary development, we found that the intervention did not improve 
development on standard measures of vocabulary knowledge. But, in line with 
previous studies on mobile-assisted vocabulary learning (Lin & Lin, 2019), students that 
followed the intervention did learn words they encountered during the intervention. 
So, we only found support for a specific word-based intervention effect for vocabulary 
acquisition. Often, learning a particular word does not generalize to the acquisition 
of other words. Thus, vocabulary acquisition can be regarded as word-specific and 
therefore, it is conceivable that a standard vocabulary measure is not very sensitive 
to intervention effects (Marulis & Neuman, 2010). On top of that, vocabulary was 
measured using only the PPVT (Dunn & Dunn, 2007) and a backward translation 
measure (English to Dutch). Both of these vocabulary tasks are receptive vocabulary 
tasks, as the English word only needs to be recognized, not produced or recalled. 
The fact that words pronunciations need to be recognized and not produced limits 
assessment of the increase of phonological representations of the learners. Since 
the intervention focused specifically on learning words including their pronunciation, 
inclusion of a vocabulary measure that tapped into the production (pronunciation) 
of the words, such as forward translation, would have been useful. Our findings 
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in Chapter 3 showed that it is likely that a measure of forward translation is more 
sensitive to differences in how well the pronunciation is known.

In contrast to the standard vocabulary measure, we did find positive intervention 
effects on standard measures of reading and spelling. This is a promising finding, 
as previous studies on computer-assisted reading interventions did not consistently 
find such effects. For instance, a meta-analysis on the effectiveness of a specific 
L1 computer-assisted adaptive reading intervention showed that it was overall 
not effective (McTigue, Solheim, Zimmer, & Uppstad, 2019). Regarding foreign 
language learning, there is little research on the effectiveness of computer-assisted 
interventions on word reading, and, similar to the L1 studies, the studies that have 
been carried out do not seem very effective (Sung, Chang, & Yang, 2015).

One question is whether the intervention on vocabulary was the driving factor for the 
improvement in word reading, as our findings in Chapter 4 indicated that word reading 
is associated with vocabulary knowledge. It is unlikely that the current intervention 
improved reading through enhancing vocabulary, because there were no differences 
between the intervention group and the control group on the standard vocabulary 
measure. Instead, this intervention might have facilitated reading development 
through more general orthography-phonology pattern learning, for instance. The 
exercises were designed such that both orthography and phonology were trained. In 
line with the outcomes of Chapter 3, the availability of orthography probably resulted 
in increased orthographic learning and improved knowledge of the pronunciation, 
in turn resulting in improved reading and spelling of those words (Graham & 
Santangelo, 2014; Shahar-Yames & Share, 2008). In addition, the combination of 
learning orthography and pronunciations can result in the acquisition of general 
orthographic patterns in English. By learning both the orthography and pronunciation 
of words, students likely learnt that different pronunciations can be associated with 
spellings that resemble each other (for example, eat is pronounced differently in seat 
and great). This enables students to produce more potential pronunciations when 
encountering a written word, which can subsequently facilitate reading accuracy. For 
example, learning the possible pronunciations for eat can facilitate recognition of 
the correct pronunciation for a different word such as sweat. This ability to recognize 
the correct potential pronunciation is called set for variability, and can be improved 
by practice (Dyson, Best, Solity, & Hulme, 2017). Since improved set for variability 
is associated with enhanced word reading (Elbro, de Jong, Houter, & Nielsen, 2012; 
Tunmer & Chapman, 2012), it is possible that learning different orthography-
phonology patterns in the intervention improved word reading.

One potentially effective component of this intervention could be the inclusion of the 
adaptive learning element: the difficulty of exercises was automatically tailored to a 
student’s level (Klinkenberg, Straatemeier, & van der Maas, 2011). For this population 
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of EFL students, with large individual differences in EFL proficiency (as reported in 
Chapter 2), adaptive learning might be especially effective, as it can automatically 
adapt to these individual differences (Kerr, 2016). The study reported in Chapter 
5 thereby adds to the support for adaptive learning in word learning programs 
(Sandberg, Maris, & Hoogendoorn, 2014). 

Whether the intervention was effective due to practice itself is difficult to determine, 
because the number of completed exercises was not related to the amount of 
improvement. Even though the amount of times students encountered a word 
influenced learning these specific words, overall, practice frequency had little effect 
on the performance on the general vocabulary, reading and spelling tasks. A similar 
finding is reported in a meta-analysis on digital games, as it was found that game 
duration did not influence the effectiveness of digital games on learning (Clark, 
Tanner-Smith, & Killingsworth, 2016). Either the amount of repeated practice was not 
important for improvement in EFL, or, alternatively, all students practiced a sufficient 
amount for the positive effects to occur, since 91% of the students completed at least 
1000 exercises.

The plenary feedback provided by the teacher might be an alternative driving factor 
in the intervention. Whereas amount of practice varied between students, amount 
of feedback was equal for all students. Teachers gave weekly feedback based on the 
specific errors that students made. In L1, the role of adult interaction has shown to be 
critical in the effectiveness of computer-assisted reading interventions (McTigue et al., 
2019). The teacher might also have been a critical factor in the current intervention.

As the potentially effective components mentioned above are not mutually exclusive, 
we can only conclude that the combination of these components is effective in 
improving EFL learning. In order to isolate the specific effective elements, more 
research into implementation and design of these types of computer-assisted 
interventions is needed. Even though the specific effects of the intervention were 
not very large, the results were also promising as the computer-adaptive program 
can be used as an effective tool for teachers to support students’ EFL acquisition. As 
such, our study makes a valuable contribution to the discussion about the suitability 
of using apps or other digital means for EFL learning, which is already widely used in 
practice (Nakata, 2011).
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Implications for Practice and Research

Taken together, our findings have some significant implications for practice. Our 
approach to word learning considers the acquisition of orthography, pronunciation 
and meaning of a word important, as this improves the overall lexical quality. Taken 
together, the findings in relation to that approach have some practical implications 
for the design of effective word learning exercises. In our studies, we found support 
for a relationship between learning orthography and the pronunciation. Therefore, 
one implication for practice is to present word learning exercises that include a 
word’s spelling. We found that inclusion of orthography (even incidentally) leads to 
substantial orthographic learning and facilitates learning a word’s pronunciation 
while, importantly, it does not distract from learning translations. In addition, 
orthography facilitates learning a word’s pronunciation, even though it may not 
facilitate acquisition of the actual meaning of a word.

Furthermore, when including orthography during word learning it is recommended to 
present not only orthography, but also present it in combination with the pronunciation. 
In foreign language learning, words are often encountered in print first or learned 
using word lists (Bassetti, 2008; Hulstijn, 2001). In the current dissertation, we did 
not explicitly study whether the inclusion of pronunciations during word learning is 
beneficial, since the pronunciation was always presented in the word learning tasks 
that we used. For example, in Chapter 2 and Chapter 3 students never learnt a word’s 
translation based on only its spelling. However, based on other studies (Howland & 
Liederman, 2013; McKague, Davis, Pratt, & Johnston, 2008; Wegener et al., 2018), it can 
be deduced that if students only learn through word lists without the pronunciation 
of words, this could lead to incorrect expectations of how a word is pronounced, 
especially for irregular words. For example, an EFL student who encounters the 
word great might think it is pronounced as rhyming with seat or beat. Therefore, it is 
essential that the student is at least familiar with the correct pronunciation of great. 
Vice versa, if a student is presented with the pronunciation of a word without the 
orthography, hearing the pronunciation leads to an expectation of how a word is 
spelled (Wegener et al., 2018). For example, after hearing the word ceiling, a student 
might expect it is spelled as seeling (based on GPC conventions). As this will probably 
lead to incorrect expectations of irregularly spelled words, orthographic learning can 
be hampered (Howland & Liederman, 2013; McKague et al., 2008). It therefore seems 
key that both the orthography and pronunciation are provided during word learning. 
The inclusion of both spelling and pronunciation was one of the distinguishing factors 
of the intervention in Chapter 5 and might be one of the reasons it was successful.

Our findings on the way in which different word elements are acquired also have 
implications for theories on word knowledge acquisition. We approached word 
knowledge from a broader perspective encompassing knowledge of meaning, 
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pronunciation and spelling, based on the lexical quality hypothesis (Perfetti & Hart, 
2002). It should be pointed out that the lexical quality hypothesis is not directly a 
theory of word learning but does pose the prediction that the three word elements 
need to be learnt and connected with each other. Regarding the formation of 
these connections, our question was whether these interconnections between the 
representations are equivalent during word learning. This does not seem to be 
the case: we found some support that for instance (learning) spelling bolsters the 
connection between orthographic and phonological elements of a word. However, we 
found little evidence that a direct connection is established between the orthography 
of a word and the semantics. 

One general limitation of the studies in this dissertation concerns the way different 
elements of lexical quality were measured. The lexical quality hypothesis is based 
on the idea that knowledge of orthography, pronunciation and meaning is needed 
for each individual word. Thus, if knowledge of one element of a word facilitates 
acquisition of the other elements of word knowledge, this effect would be word-
specific. To investigate such facilitation effects precisely, it is necessary to measure 
acquisition of the translation, orthography and pronunciation of the same word. 
However, with the exception of the word learning experiment in Chapter 3, our 
studies did not include measures for knowledge of translation, orthography, and 
pronunciation for the same set of words. For example in Chapter 2 and Chapter 4, 
we used a standard vocabulary measure that consisted of different words than the 
word reading task or spelling task. In order to measure translation, orthography and 
pronunciation thoroughly, the same words should have been presented in measures 
of translation, spelling and word reading aloud. Also, in the intervention in Chapter 5, 
we did not measure all elements of lexical quality for the specific words trained in the 
intervention, as spelling and pronunciations were not assessed. An advantage of using 
standard measures is their known reliability and validity, which also permits better 
comparisons with other studies. However, to allow for more detailed statements 
about how the different elements of words are interrelated during word learning, it is 
recommended to consistently measure knowledge of a word’s spelling, pronunciation 
and meaning for the same set of words.

A potential second limitation of the EFL studies in this dissertation is the way in which 
semantic representations have been conceptualized. The lexical quality hypothesis 
is primarily intended for L1, in which the meaning (semantics) has to be learnt. 
Throughout this dissertation, knowledge of word meaning in EFL was operationalized 
mostly as knowledge of translations. We assume that our students learn EFL 
vocabulary through translation, by learning that the English word bird means the 
same as the Dutch word vogel, instead of learning that bird is a winged animal that 
can lay eggs. In practice, translation knowledge will (almost always) come down to 
the same thing as understanding a word’s meaning. However, on a conceptual level, 
knowledge of a word’s translation and meaning is not necessarily the exact same. 
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Nevertheless, our approach does align with most models on word representations 
in a second or foreign language (Hall, 2002; Jiang, 2000; Kroll, Van Hell, Tokowicz, & 
Green, 2010). For instance, the Revised Hierarchical Model states that for beginning 
second language (L2) learners, new words are connected to their translation 
equivalent in L1, and access to meaning is mostly mediated through the L1 translation 
equivalent (Kroll & Stewart, 1994; Kroll et al., 2010). This is not to say that beginner L2 
learners are not able to directly process the semantics of L2 words at all (e.g., Duyck 
& Brysbaert, 2004; Meade, 2019). Especially as L2 students become more proficient in 
L2 and students can be considered more balanced bilinguals, L2 words might activate 
the semantic representations more directly without L1 mediation. Thus, for more 
proficient L2 learners, translation of words might no longer play a (dominant) role in 
word learning. Despite this potential conceptual issue, the findings on the relationship 
between vocabulary knowledge measured through translation and other language-
based skills, such as reading, in our EFL studies is similar to findings in L1 studies. This 
speaks to the view that there might not be an essential difference on a conceptual 
level between knowing a word’s meaning in L1 or knowing a translation in EFL.

The parallels between EFL and L1 findings are noteworthy, as they are a recurring 
element throughout this dissertation. The general findings in the different chapters 
were all predominantly in line with previous L1 English findings. These findings can be 
taken to mean that predictors for EFL development are approximately the same as for 
L1 English. There are two reasons why the acquisition and the predictors of EFL would 
be expected to differ more from L1 development than we have found here. 

First of all, as stated above, representation of word meaning is different in FL compared 
to L1 (Jiang, 2000). Since words are learnt through learning translation equivalents, EFL 
word learning can be affected by characteristics of the L1 equivalent. For example, it 
is easier to learn the translation of words that are cognates (apple and appel), than 
words that are not cognates (bird and vogel) (De Wilde, Brysbaert, & Eyckmans, 2019; 
Hall, 2002). However, cognates were not included in the word learning tasks from 
Chapter 2 and Chapter 3. Therefore, the effect of cognates is an L1 influence that was 
not investigated in our studies. 

Secondly, literacy skills in L1 have shown to influence development of reading 
(Koda, 2007) and spelling (Figueredo, 2006) in a foreign language, depending on the 
similarities between the languages. It could therefore have been expected that native 
speakers of Dutch, with a semi-transparent L1, would rely more on decoding using 
GPC rules in reading in EFL. Our findings, however, indicate that the Dutch students 
do not rely on his strategy during reading irregular words in EFL. Instead, the findings 
point to a large effect of the language itself in reading strategy. The studies reported 
in Chapter 2 and Chapter 4 were the first to show that verbal learning and vocabulary 
knowledge are used in a similar way for EFL as English L1 reading (Taylor et al., 2015). 
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Thus, our findings suggest that characteristics of the foreign language itself may be 
more important in EFL than the features or skills in the L1.

This interpretation aligns with previous studies on how L1 affects FL learning. Several 
studies have shown that the extent to which L1 skills influence FL acquisition depends 
on the orthographic overlap between the languages (Pasquarella, Chen, Gottardo, & 
Geva, 2015; Zeguers, van den Boer, Snellings, & de Jong, 2018). For instance, L1 reading 
skill in Dutch (an alphabetic language) contribute more to reading development in 
FL Spanish (an alphabetic language) than FL Chinese (a non-alphabetic language) 
(Zeguers et al., 2018). This indicates that the features of the FL are dominant as to 
whether L1 skills play a role. Similar results have been found regarding FL word 
learning. Hamada and Koda (2008) compared word learning for EFL learners with 
differing first languages and found that, even though L1 did affect word learning, 
the specifics of the foreign language (for instance, whether a word had a regular or 
irregular spelling) were more important than the orthographic distance between the 
L1 and the foreign language. Furthermore, students with lower EFL proficiency may 
rely more on their L1 during word learning, but as students grow more proficient in 
EFL the features of the foreign language words themselves become more important 
(De Wilde et al., 2019). However, as we did not directly test the impact of L1 on EFL 
acquisition in our studies, we cannot make any strong claims on this matter.

Taken together, the findings of our EFL studies align with most studies in L1 English 
development. Therefore, perhaps the differences between L1 and EFL learning 
are smaller than presumed. There are many more students that learn English as a 
foreign than as a first language, but there is generally more research into English as 
L1 development than EFL development. Therefore, an optimistic takeaway message 
is that these L1 studies may be more generalizable to EFL students than some might 
have assumed.
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Summary

Vocabulary is crucial for understanding and expression in any language. Therefore, 
word learning is one of the key components of language acquisition. A great deal 
of research has been carried out regarding vocabulary acquisition and language 
learning in the first language (L1). However, around the world, there are more 
people learning English as a foreign language (EFL), an estimated 700-800 million, 
compared to L1 learners of English, a ‘mere’ 400 million. Therefore, it is important 
to gain understanding of EFL vocabulary acquisition, as well as evaluating whether 
EFL vocabulary acquisition can be fostered. In this dissertation, we took vocabulary 
knowledge to consisting of knowledge about the spelling (orthography), pronunciation 
and meaning of a word. In this view, knowing a word well also entails reading (aloud) 
and spelling a word well. This dissertation focused on the questions of how we can 
predict progress in EFL development and how the different word elements are learnt, 
in order to provide tools for improving EFL learning in practice.

Accurate prediction of EFL development is important for identifying potential 
struggling EFL learners and subsequently providing the instructional support that 
they need. However, prediction of EFL development is challenging, as differences can 
emerge due to language ability as well as to individual differences in exposure to the 
English language. A test of word learning ability might assist in the prediction of EFL 
development, since such a language aptitude test reflects the ease and speed with 
which students can learn a new word, regardless of their prior exposure or skills. 
In the study reported in Chapter 2, we investigated whether a test of word learning 
ability could assist in the prediction of EFL development. We measured how well 455 
Dutch Grade 7 students could learn a word’s pronunciation and a word’s orthography 
and tracked their EFL proficiency at the beginning of the school year and 5 months 
later. In line with previous L1 studies, we found that students’ ability in learning the 
pronunciation of a word predicted progress in vocabulary and reading, whereas 
students’ ability in learning the orthography of a word predicted their progress in 
spelling. However, these contributions were modest. The relation of word learning 
ability with standard measures of English proficiency was moderate but the additional 
benefit of word learning in the prediction of EFL development was small. 

In Chapters 3 and 4, we examined how the orthography, pronunciation and 
translation of a word are learnt, and whether knowing one element (meaning, spelling, 
pronunciation) can make it easier to learn the other elements of a word. L1 studies 
have shown that seeing the spelling during word learning might facilitate learning the 
meaning of a word. Additionally, vocabulary knowledge might also facilitate learning 
to read words. However, this has not been studied in EFL yet.
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In Chapter 3, we investigated whether the availability of orthography during word 
learning can facilitate the acquisition of a word’s translation. Studying the role of 
orthography in word learning is especially relevant in EFL, since words in a foreign 
language are often encountered in print first. Results of previous L1 studies are not 
entirely clear on whether seeing the orthography facilitates learning a word’s meaning 
directly, or indirectly through facilitation of learning the pronunciation. Therefore, we 
carried out a word learning experiment in 92 Dutch Grade 6 students, in which the 
students learnt English words with either the orthography present or absent. Results 
showed that the availability of orthography mostly facilitated translation learning 
when the translation task required the pronunciation of the novel English word 
(translating from Dutch to English, e.g., translating vogel to bird), but not when the 
translation task did not require this (translating from English to Dutch, e.g., translating 
bird to vogel). Furthermore, the effect was greater for words with a regular spelling 
(e.g., tempest) than words with an irregular spelling (e.g., quaint). This pattern of 
results can be taken to mean that the availability of orthography only facilitates the 
acquisition of a word’s pronunciation, but not the acquisition of the translation itself. 
Whereas seeing the spelling can clarify the exact pronunciation, thereby serving as a 
mnemonic for the pronunciation of a word, the spelling of a word does not provide a 
clue to its meaning. Thus, it is likely that orthography indirectly facilitated vocabulary 
learning through facilitating pronunciation learning.

In Chapter 4, the contribution of vocabulary knowledge to the development of reading 
and spelling was investigated. The English orthography contains many words with an 
irregular spelling (e.g., yacht; island). Research into L1 has shown that words with a 
regular spelling can be decoded using grapheme-phoneme correspondence rules, 
whereas words with an irregular spelling have to be known to be read correctly. It is 
unclear whether this contribution of vocabulary knowledge to irregular word reading 
extends to students learning to read EFL. Since words are often encountered in print 
first in EFL, orthographic knowledge might be especially important. Therefore, we 
investigated the contribution of vocabulary knowledge and orthographic knowledge 
to regular and irregular word reading development in EFL. Vocabulary, orthographic 
knowledge, and reading accuracy were measured at the beginning of Grade 7 and 
5 months later in 455 Dutch students. The results showed that both vocabulary 
knowledge and orthographic knowledge at the beginning of the year predict EFL 
reading development for irregular words, but not for regular words. These findings 
indicate that, similar to readers in L1 English, learners of EFL rely on word knowledge 
for reading irregular words. These findings further emphasize the importance of 
vocabulary knowledge.

In the third part of this dissertation (Chapter 5), we aimed to evaluate whether word 
learning could be improved by focusing on the acquisition of all word elements. In this 
practice-oriented approach, we attempted to foster word learning through a 12-week 
web-based intervention with adaptive learning. We compared the EFL development 
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of 155 Grade 7 students that followed the intervention in class to a control group 
of 155 students that followed regular English education. The intervention consisted 
of four different word-learning games that each contained different word elements 
(translation, orthography and pronunciation). The adaptive learning approach 
ensured that the difficulty level of games was tailored to the English proficiency level 
of a student. Results showed that students learnt the translation of the specific words 
that they encountered during the intervention. Nevertheless, students that followed 
the intervention did not improve more than a control group on a standard vocabulary 
measure.

Despite the fact that there were no differences between vocabulary outcomes for 
the intervention and education as usual groups, there was an advantage for the 
intervention group: Students in the intervention group improved more than the 
control group in reading (accuracy) and spelling. This effect is possibly due to the 
design of the exercises, focused on fostering the acquisition of different spelling-sound 
patterns. The number of exercises students completed was not related to progress 
on the EFL measures. It is difficult to determine the exact effective components of this 
intervention. Several potential effective components of the intervention are discussed 
in Chapter 5.

Taken together, the studies reported on in Chapters 2 to 5 have a number of 
important implications, which are discussed in Chapter 6. Regarding the process of 
vocabulary learning and how the different word elements are learnt, we found mostly 
that learning a word’s spelling can facilitate learning a word’s pronunciation. In turn, 
knowledge of pronunciations seems vital for vocabulary knowledge and reading skill. 
Therefore, one of the recommendations for practice is to always include a word’s 
spelling and pronunciation when designing word learning exercises. Furthermore, the 
EFL findings reported in this dissertation generally resemble findings from previous 
L1 studies. This suggests that the challenges in the development of EFL are similar to 
the difficulties that children experience when they learn English as an L1. Therefore, 
findings from L1 English studies might generalize to EFL learning. 
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 Samenvatting (Summary in Dutch)

Woordenschat is cruciaal voor begrip en expressie in een taal. Het leren van woorden 
is dan ook een van de belangrijkste componenten van taalverwerving. Er is al veel 
onderzoek gedaan naar woordenschatverwerving en taalontwikkeling in de eerste 
taal (L1). Echter, wereldwijd zijn er meer mensen die Engels als vreemde taal (EFL) 
leren, naar schatting zo’n 700-800 miljoen, in vergelijking met ‘slechts’ 400 miljoen 
mensen die Engels als L1 leren. Het is daarom van belang meer inzicht te krijgen in de 
woordenschatverwerving in EFL en te onderzoeken hoe dit kan worden bevorderd. 
In dit proefschrift beschouwen we woordenschat als kennis die bestaat uit kennis 
over de spelling, uitspraak en betekenis van een woord. Deze benadering houdt in 
dat als je een woord goed kent, je dit woord dus ook goed kan lezen en spellen. In 
tegenstelling tot L1, wordt bij het woordleren in een vreemde taal vaak de vertaling 
van een woord geleerd, in plaats van een geheel nieuwe betekenis. Dit proefschrift 
richt zich op de vragen hoe we vooruitgang in EFL-ontwikkeling kunnen voorspellen 
en hoe de verschillende woordelementen worden geleerd, om zo handvatten te 
bieden voor het verbeteren van het leren van EFL in de praktijk.

Nauwkeurige voorspelling van EFL-ontwikkeling is belangrijk om leerlingen te kunnen 
identificeren voor wie het lastig is om Engels onder de knie te krijgen. Dit is belangrijk 
om deze leerlingen vervolgens de instructieondersteuning te kunnen bieden die ze 
nodig hebben. Het is echter een uitdaging om de ontwikkeling van EFL accuraat te 
voorspellen, aangezien individuele verschillen tussen leerlingen aan de ene kant 
veroorzaakt zouden kunnen worden door verschillen in taalvaardigheid, maar aan de 
andere kant ook door verschillen in blootstelling aan de Engelse taal. Mogelijk biedt 
het testen van hoeveel aanleg iemand heeft om een taal te leren hier een uitkomst, 
door bijvoorbeeld te meten hoe snel en gemakkelijk iemand nieuwe woorden kan 
leren. Een dergelijke test van taalaanleg weerspiegelt het gemak en de snelheid 
weerspiegelt waarmee leerlingen een nieuw woord kunnen leren, ongeacht hun 
eerdere blootstelling of vaardigheden. Een test van het leervermogen van woorden 
zou dus kunnen helpen bij het voorspellen van EFL-ontwikkeling van leerlingen. 

In Hoofdstuk 2 wordt een studie gerapporteerd waarin we hebben onderzocht of 
een dergelijke test van het leervermogen zou kunnen helpen bij het voorspellen van 
EFL ontwikkeling. We hebben bij 455 Nederlandse brugklasleerlingen gemeten hoe 
goed zij de uitspraak en de spelling van een woord konden leren en brachten hun 
EFL-vaardigheid in kaart aan het begin van het schooljaar en 5 maanden later. In lijn 
met eerdere L1-onderzoeken, lieten onze bevindingen zien dat het vermogen van 
leerlingen om de uitspraak van een woord te leren hun vooruitgang in de woordenschat 
en het lezen voorspelde, terwijl het vermogen van leerlingen om de spelling van 
een woord te leren hun vooruitgang in spelling voorspelde. Over het algemeen was 
de voorspellende waarde echter klein. Hoewel er een redelijk sterk verband was 



Samenvatting

181

tussen woordleervermogen en standaardmaten van Engelse taalvaardigheid, kon 
woordleervermogen de ontwikkeling van EFL slechts in beperkte mate voorspellen.

In de Hoofdstukken 3 en 4 worden studies gerapporteerd waarin we hebben 
onderzocht hoe de spelling, uitspraak en vertaling van een woord worden geleerd 
en of het kennen van één element (betekenis, spelling, uitspraak) het makkelijker kan 
maken om de andere elementen van een woord te leren. Onderzoeken in L1 hebben 
aangetoond dat het zien van de spelling tijdens het leren van een woord het leren van 
de betekenis kan vergemakkelijken. Bovendien zou woordenschatkennis ook een rol 
spelen in het leren lezen van woorden. Dit is echter nog niet onderzocht in EFL.

In Hoofdstuk 3 hebben we onderzocht of de beschikbaarheid van spelling tijdens 
het leren van een woord het makkelijker kan maken om de vertaling te leren. De rol 
van spelling bij het woordleren is extra relevant in EFL, aangezien je woorden in een 
vreemde taal vaak voor het eerst tegenkomt in geschreven vorm. De resultaten van 
eerdere L1-onderzoeken zijn niet helemaal duidelijk of het zien van de spelling een 
direct effect heeft op het leren van de betekenis van een woord, of een indirect effect, 
doordat de spelling het makkelijker maakt de uitspraak van een woord te leren. Om 
hier meer zicht op te krijgen hebben we bij 92 Nederlandse groep 8-leerlingen een 
woordleerexperiment uitgevoerd, waarbij de leerlingen nieuwe Engelse woorden 
leerden waarbij de spelling aanwezig of afwezig was. De resultaten lieten zien dat 
de beschikbaarheid van spelling het makkelijker maakte om de vertalingen te leren, 
als de vertaaltaak de uitspraak van het nieuwe Engelse woord vereiste (vertalen van 
Nederlands naar Engels, bijvoorbeeld vertalen van vogel naar bird), maar niet wanneer 
de vertaaltaak dit niet vereiste (vertalen van Engels naar Nederlands, bijvoorbeeld 
vertalen bird naar vogel). Bovendien was het effect groter voor woorden met een 
regelmatige spelling (bv. tempest) dan voor woorden met een onregelmatige spelling 
(bv. quaint). Samen laten deze resultaten zien dat de beschikbaarheid van spelling 
het waarschijnlijk alleen makkelijker maakt om de uitspraak van een woord te leren, 
maar niet de vertaling van een woord zelf. Terwijl het zien van de spelling de exacte 
uitspraak kan verduidelijken, en daardoor dient als geheugensteun voor de uitspraak 
van een woord, geeft de spelling van een woord geen idee van de betekenis ervan. 
Het is dus waarschijnlijk dat spelling het woordleren indirect faciliteert door het leren 
van de uitspraak te vergemakkelijken.

In Hoofdstuk 4 werd de bijdrage van woordenschatkennis aan de ontwikkeling 
van lezen en spelling onderzocht. De Engelse spelling bevat veel woorden met een 
onregelmatige spelling (bv. yacht; island). Onderzoek in L1 heeft aangetoond dat 
woorden met een regelmatige spelling kunnen worden gedecodeerd met behulp 
van de regels tussen de klanken en letters van een taal (de zogenaamde grafeem-
foneem-koppeling). Bij woorden met een onregelmatige spelling is echter kennis van 
het woord zelf nodig om het correct te lezen. Het is onduidelijk of deze bijdrage van 
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woordenschatkennis aan onregelmatig woordlezen ook geldt voor leerlingen die EFL 
leren lezen. Omdat woorden in EFL vaak in geschreven vorm voorkomen, is kennis 
van de spelling van een woord  (orthografische kennis) mogelijk bijzonder belangrijk. 
Daarom onderzochten we de bijdrage van woordenschatkennis en orthografische 
kennis aan de ontwikkeling van het lezen van regelmatige en onregelmatige woorden 
in EFL. Woordenschat, orthografische kennis en leesnauwkeurigheid werden 
gemeten aan het begin van het schooljaar en 5 maanden later bij 455 Nederlandse 
brugklasleerlingen. De resultaten lieten zien dat zowel woordenschatkennis als 
orthografische kennis aan het begin van het jaar kunnen voorspellen hoeveel 
een leerling vooruitgaat in het lezen van onregelmatige woorden, maar niet van 
regelmatige woorden. Deze bevindingen geven aan dat, net als lezers in L1 Engels, 
leerlingen die Engels als vreemde taal leren ook gebruik maken van woordkennis bij 
het lezen van onregelmatige woorden. Deze bevindingen benadrukken verder het 
belang van woordenschat.

In het derde deel van dit proefschrift (Hoofdstuk 5) probeerden we te onderzoeken 
hoe het leren van woorden kan worden verbeterd door ons te concentreren op de 
verwerving van alle woordelementen. In deze praktijkgerichte benadering probeerden 
we het leren van woorden te stimuleren door middel van een web-based interventie 
van 12 weken waarin gebruik wordt gemaakt van adaptief leren. We vergeleken de 
EFL-ontwikkeling van 155 brugklasleerlingen die de interventie tijdens de Engelse 
les volgden met een controlegroep van 155 leerlingen die het reguliere Engelse 
onderwijs volgden. De interventie bestond uit vier verschillende woordleerspellen 
die elk verschillende woordelementen bevatten (vertaling, spelling en uitspraak). 
Door de implementatie van adaptief leren werd de moeilijkheidsgraad van de spellen 
automatisch afgestemd op het niveau van de leerling. De resultaten lieten zien dat 
leerlingen de vertaling leerden van de specifieke woorden die ze tijdens de interventie 
tegenkwamen. Desalniettemin verbeterden de leerlingen die de interventie volgden 
niet meer dan een controlegroep op een standaard vocabulairetaak.

Ondanks het feit dat er geen verschillen waren in vocabulaire-uitkomsten tussen de 
interventie- en controlegroep, was er wel een voordeel voor de interventiegroep: 
leerlingen in de interventiegroep verbeterden meer dan de controlegroep in 
leesnauwkeurigheid en spelling. Mogelijk was dit effect te danken aan het ontwerp 
van de oefeningen, die ontworpen waren om het verwerven van verschillende 
spellingregels te stimuleren. Het aantal oefeningen dat leerlingen voltooiden was 
niet gerelateerd aan de voortgang van de EFL-maten. Welke elementen van deze 
interventie precies effectief waren is lastig te bepalen. Verschillende potentieel 
effectieve componenten van de interventie worden besproken in Hoofdstuk 5.

Alles bij elkaar genomen, hebben de studies die worden gerapporteerd in de 
Hoofdstukken 2 tot en met 5 een aantal belangrijke implicaties, die in Hoofdstuk 6 



Samenvatting

183

worden besproken. Met betrekking tot het proces van woordenschatverwerving en 
het leren van de verschillende  woordelementen, laten de resultaten vooral zien dat 
het leren van de spelling van een woord het makkelijker kan maken om de uitspraak 
van een woord te leren. Kennis van de uitspraak van een woord lijkt op zijn beurt 
essentieel voor een goede woordenschat en leesvaardigheid. Voor de praktijk is het 
daarom aan te bevelen altijd de spelling en uitspraak van een woord op te nemen in 
het ontwerp van woordleeroefeningen. Bovendien lijken de EFL-bevindingen in dit 
proefschrift over het algemeen op bevindingen uit eerdere L1-onderzoeken. Dit geeft 
aan dat voorspellers voor het leren van woorden vergelijkbaar zijn voor EFL en L1 
Engels. Bevindingen uit Engelse L1 studies zijn mogelijk goed te generaliseren naar 
EFL leren.
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Dankwoord

Een proefschrift schrijft zichzelf niet. Ik wil dan ook iedereen bedanken die iets voor 
mij heeft betekend bij het uitvoeren van dit (flinke) klusje. Vroeger riep ik dat ik heus 
niet zou gaan promoveren (niet iedereen geloofde dat). Dit project was echter zo 
interessant dat ik het niet kon laten, en ik ben erg blij dat ik dit onderzoek heb mogen 
uitvoeren. Als eerste gaat mijn dank uit aan de vele leerlingen die hebben meegedaan 
aan dit onderzoek, en voor verschillende studies allerlei schijnbaar zinloze dingen 
hebben moeten leren, zoals wat humdrum eigenlijk betekent, of hoe je merengue of 
mauve of zealot zou moeten uitspreken in het Engels.

Bovenal wil ik mijn begeleiders bedanken. Promotor Peter, wat heb ik veel van 
jou geleerd tijdens onze vele besprekingen. Ik kijk met veel plezier terug op al het 
gepuzzel, met meestal een kopje koffie en ook altijd jouw kritische blik. Dat laatste kan 
voor sommigen misschien als iets negatiefs klinken, maar ik vond dat juist ook wel fijn 
(een uitzondering daargelaten misschien). Ik voelde me daardoor serieus genomen 
als onderzoeker, ook omdat ik de vrijheid kreeg om dingen zelf uit te zoeken. Ik vind 
het knap hoe véél je weet, maar vooral hoe snel jij doorziet waar een effect eigenlijk 
door wordt veroorzaakt of wat een resultaat nou precies betekent. Zelfs als een stuk 
daardoor weer terug naar de tekentafel moet, moet ik toch wel toegeven dat het er 
echt áltijd weer een stukje beter van wordt. Ik weet heel zeker dat dat de kwaliteit van 
dit boekje ten goede is gekomen.

Elise, ik hoor jouw vrolijke aanwezigheid al aankomen zodra je binnenkomt op 
de zaak en dat geeft altijd een positieve draai aan de dag. Ik weet niet hoe ik het 
anders kan zeggen dan dat je de fijnste dagelijks begeleider bent die een aio zich kan 
wensen. Je oneindige enthousiasme en interesse in werk en privé (en eigenlijk alles) 
is aanstekelijk, en na een meeting met jou kan ik altijd weer vooruit. Qua conferenties 
liepen we elkaar precies mis, dus ik ben extra blij dat we toch een tripje naar Sheffield 
hebben kunnen doen, want dat was uiteraard een gezellig succes. Laten we zeker nog 
als duo proberen mee te doen aan de quiz van 2voor12. Ik ben in ieder geval alvast al 
aan het oefenen op de paardensprong, want die quiz winnen staat nog hoog op mijn 
bucketlistje (← twaalfletterwoord). 

Ook bedankt aan Team Radboud. Ludo en Elian, het dynamisch duo in Nijmegen, ik 
vond het mooi om samen te kunnen werken met zulke experts! Marco, bedankt voor 
al je hulp om de metingen in de steigers zetten, en het meedenken over artikelen 
met chocomel op de brug. En natuurlijk Evelien, mijn aio-‘zusje’ in Nijmegen. Qua 
persoonlijkheid vullen wij elkaar volgens mij goed aan. Ik vind het tof hoe doelgericht 
en ambitieus je kan zijn, terwijl ik misschien neig naar een wat relaxtere aanpak. Het 
was top om een maatje te hebben in niet alleen dit project, maar ook conferenties en 
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summer schools en daarbuiten. Bedankt voor de motivatie en memes, we hebben 
echt een flinke klus geklaard samen! Ik heb superveel zin in ook jouw promotie 
binnenkort.

Dank aan Han, Marthe en iedereen die vanuit Oefenweb heeft meegewerkt aan dit 
project, ik vind het onwijs dat we iets hebben kunnen toevoegen aan de games. Ook 
bedankt aan Vera en Pepijn, voor het meedenken over hoe je meer dan duizend 
opdrachten voor het rijmspel in elkaar kan draaien.

Ik wil graag de leden van de promotiecommissie bedanken, prof. dr. Ron Oostdam, 
prof dr. Judith Rispens, dr. Madelon van den Boer, prof. dr. Christine Espin en dr. 
Jessie Ricketts. Jessie, I enjoyed being part of your interesting symposium at my very 
first conference. Thank you for letting me visit for 6 weeks at the gorgeous Royal 
Holloway University of London, I’m glad I got to live out a little bit of the Harry Potter 
experience. I especially appreciated all our talks because your research is so relevant 
to what I was doing.

Zonder de medewerking van de scholen zou dit project nooit kunnen zijn uitgevoerd. 
Mijn dank gaat uit aan alle leraren, roostermakers, conciërges, coördinatoren, en 
andere medewerkers dat we jullie scholen als lab mochten gebruiken. In het bijzonder 
wil ik de leraren bedanken die met de interventie hebben meegedaan. Het uitvoeren 
van een lesprogramma van 12 weken is nogal een commitment met het reserveren 
van lokalen, inplannen van testsessies, onverwachte roosterwijzigingen, en wat er 
verder nog mis kan gaan. Bedankt!

Ook bedankt aan alle studenten die voor dag en dauw zijn opgestaan om scholen 
te bezoeken, tests te scoren en data in te voeren. Denise, Laurien, Kirsten, Muriel, 
Nathalie en Zosha en nog te veel om op te noemen, jullie zijn vast net als ik helemaal 
gek geworden bij het afnemen de leestaken, totdat je de woordenlijsten wel kon 
dromen (en dat misschien ook wel deed).

Werk is niet veel aan zonder een groep fijne collega’s, en dan zit je met de OLPeople 
wel goed voor gezellige lunches, borrels, etentjes, congressen, schrijfweken en 
meer. Debora, met jou is het altijd lachen, en ook vrijwel altijd bitterballen en bier. 
Madelon, ik vond het leuk om jou beter leren kennen in Canada. Het was me al eerder 
opgevallen dat je bij een praatje altijd zulke goede vragen stelt, en nu zit je ook nog 
in mijn commissie! Marjolein, bedankt dat je hebt laten zien hoe dit allemaal moet 
(al heb ik er wat langer over gedaan dan jij). De altijd betrokken Helma, fijn dat je 
altijd op de hoogte bent van de beste nieuwe filmtips en meer. En uiteraard de oude 
garde: Sietske, we zijn lang eilandgenoten geweest en ik heb veel van je geleerd 
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(bijvoorbeeld over hoe je netjes een cracker moet smeren). Ik kijk met plezier terug 
op al het onderwijs dat we samen hebben gegeven. Britt en Marloes, bedankt voor 
jullie vrolijke gezelligheid aan het begin van mijn promotie en absoluut ook bedankt 
voor jullie kookkunsten.

En dan hebben we natuurlijk ook nog de nieuwe garde die inmiddels echt niet zo 
nieuw meer is. Fae, ik was blij dat er weer iemand is begonnen op een onderwerp 
dat een beetje leek op dat van mij. Je bent een harde werker, maar gelukkig ook altijd 
in voor een praatje! Mengdi, thank you for introducing me to all new exotic kinds of 
candy and brightening up the room with your calm and relaxed company, as well as 
all the cute children’s drawings lying around. Niels, bedankt voor alle chocola op de 
kamer, al was mijn figuur er misschien wat minder blij mee. Ik ga ervan uit dat jullie 
er snel weer een gezellige boel van kunnen maken op D8.12b (volgens mij zijn de 
plantjes zijn wel aan vervanging toe)!

Ook dank voor alle gezelligheid van m’n kamergenoten die opeens ex-kamergenoten 
werden door de bouw van de muur. Monique, Mark, Marloes, Lucija, Floor, Geerte, 
Magdalena en iedereen die ik hier vergeet te noemen. Heel erg bedankt voor de leuke 
sfeer op de werkvloer, bij de lunchtafel, bij de koffieautomaat, en zo nu en dan de 
pizzabakker.

Maar het allermeest bof ik maar met mijn geweldige medepromovendi Janneke, Loes 
en Rianne, aan wie ik stuk voor stuk veel heb gehad en die mij door menig pomodoro 
hebben gesleept. Janneke, we zijn quasi-tegelijkertijd begonnen bij de UvA, en ik was 
heel blij om meteen een gelijkgestemde te vinden. Ik kijk op naar je positieve karakter, 
hoe snel je alles oppakt, en je weet dat ik je bourgondische levensinstelling zeer kan 
waarderen. Jouw scheurkalender met inspirerende quotes is een goed begin van elke 
dag. Ik wil Loes graag bedanken voor haar oneindige humor, en dat ze me heeft laten 
inzien dat je bijna alles kan oplossen met een fotostrip. Je humoristische observaties 
maakten elk congres of summer school dubbel zo leuk. Rianne, zeker in het laatste 
jaar, hebben we vrijwel geen vrijmibo overgeslagen. Je laat je niet gek maken, sterker 
nog, ik ken niemand die zo het hoofd koel kan houden tijdens de laatste seconden 
van het beruchte bommenspel. Een ideale eigenschap om op terug te kunnen vallen 
als je naast me staat als paranimf! Misschien dat we volgend jaar alle vier wel klaar zijn 
voor een nieuwe poging voor de dam-tot-damloop. Al kunnen jullie beter zonder mij, 
aangezien vrijwel elke hardloopwedstrijd waar ik me voor inschrijf wordt geannuleerd.
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Ode aan al mijn lieve vrienden door dik en dun, die altijd hebben gezorgd voor een leuk 
leven en welkome afleiding náást het proefschrift. Bart, we zijn vrienden voor het leven 
vanaf de kleuterklas, dus tijd genoeg om elk nieuwe bordspelletje uit te proberen, te 
wandelen en lekker te klessebessen met Marloes. Dank aan superfilmfanaat Randy, 
supernerd Tim, en superstar Thomas voor heel veel bier en heel veel lol afgelopen 
jaren. Laurien, je weet altijd de interessantste exposities te tippen, maar dat hoeft 
eigenlijk niet want met jou is alles leuk. Dank aan Lotte dat je een (nogal chaotisch) 
dagje bent komen helpen bij een schoolbezoek. Ook hulde aan de hele Down-the-
Rabbit-gang, elk jaar worden de dagen afgeteld voor een doldwaas slopend weekend, 
waar je gek genoeg toch helemaal uitgerust van terugkomt (waarna het aftellen per 
direct weer begint). Rik, ik weet niet of ik ooit nog bijkom van onze tripjes samen met 
Lisa in binnen- en buitenland waar we steevast een spoor van vernieling achterlaten, 
of in ieder geval een aantal nieuwe inside jokes opdoen. Dit brengt me bij jou, Lisa. Je 
weet dat ik altijd game ben om op sleeptouw te worden genomen naar een concert 
in Paradiso of een willekeurig evenement op een gekke plek. Het allerbeste medicijn 
na een dag worstelen met analyses of een ingewikkelde tekst, ik heb daar veel aan 
gehad. Ik vind het dan ook mega dat ik jou bij mijn verdediging even op sleeptouw 
neem en je me op het laatste stukje ook steunt door naast me te staan als paranimf!

En uiteraard, mijn lieve familie. Lieve Lukas, Rachèl, en (mijn grote vriend) kleine Jonas 
+ wie er nog onderweg is, ook in een steeds voller wordend huis met kids, prijs ik 
me gelukkig dat ik ook kind aan huis ben bij jullie. Jullie kennen me door en door, 
hebben aan een half woord genoeg, en ik kan altijd mijn ei kwijt bij jullie. Bedankt 
dat ik zo lekker bij jullie op de bank kan ploffen. Lieve Pap en Mam, dankjulliewel dat 
jullie altijd voor me klaar staan. Ik had dit niet kunnen doen als jullie me niet hadden 
gestimuleerd om door te leren, maar dit wordt toch echt de laatste afstudeerborrel. 
Het maakt me blij om te zien wat voor trotse (groot)ouders jullie zijn. Ik vind het al 
helemaal geweldig dat ik zelfs als ‘groot kind’ afgelopen tijd nog steeds een paar 
keer mee kon met avontuurlijke vakanties, zoals een trekking in de Himalaya, of een 
kanotocht met z’n tweeën in Canada. Als onderzoeker heb je soms een klein wereldje, 
maar op deze manier zeker niet.
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