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Abstract

Mastering collocations is one of the most challenging aspects of vocabulary acquisition, especially for adult

learners of a second language (L2). Research shows that frequency, congruency, and semantic transparency

are important factors that a�ect L2 collocational processing. Frequency is known to interact with both con-

gruency and semantic transparency. However, congruency and semantic transparency have not been explored

simultaneously. This study aims to investigate L2 collocational processing in pro�cient L2 English speakers (L1

Portuguese) by exploring the role of semantic transparency in conjunction with congruency. Speci�cally, it in-

vestigates whether free combinations, congruent collocations, and incongruent collocations di�er in terms of

processing by incorporating congruency into Howarth’s Continuum Model.

A semantic acceptability judgement task was completed by 329 adults (122 Brazilian Portuguese, 108 European

Portuguese, and 99 L1 English speakers). The reaction times and error rates were analysed using Generalized

Linear Mixed-e�ects Models. The results showed that the Brazilian Portuguese speakers processed free combi-

nations faster and more accurately than congruent and incongruent collocations. The European Portuguese

speakers processed free combinations faster and more accurately than incongruent collocations. Both groups

processed congruent collocations faster and more accurately than incongruent collocations. The L1 English

group showed no processing advantages for any of the three conditions. Moreover, the L1 group outperformed

the L2 groups only on the incongruent condition.

Although there seems to be an e�ect of semantic transparency in the results of the L2 groups, it could not be

isolated from the e�ects of frequency and congruency. Future research should consider testing incongruent free

combinations along with incongruent collocations to properly isolate these e�ects. With respect to congruency,

this study lends support to the growing body of evidence that L2 speakers incur processing costs for incongruent

collocations. This highlights the critical role of the L1 in L2 collocational processing. Based on these �ndings,

recommendations are made for incongruent collocations to be explicitly taught in the L2 classroom.

Keywords: Collocations, Semantic Transparency, Congruency, L1 Portuguese, L2 English, Semantic Acceptability

Judgement Task, Generalized Linear Mixed-e�ects Models
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Chapter 1

Introduction

1.1 Collocations & the L2

From killing time and playing dead to running baths and making beds, lexical patterns with semi-transparent

meanings are ubiquitous in language use. Often referred to as collocations, these semi-transparent lexical items

are comprised of one word used in its literal sense, and one other word used �guratively. These word combina-

tions are characterized by an arbitrary constraint on substitutions (Cowie, 1998; Howarth, 1998). For example,

one can raise doubts or lift bans, but not *lift doubts or *raise bans. Collocations are always syntagmatically

related (Nesselhauf, 2004), and occur together in a certain lexical context more frequently than chance would

allow (Sinclair, 1991). Alongside idioms, metaphors, phrasal verbs, etc., collocations constitute a signi�cant sub-

set of formulaic language which accounts for more than half of any text, be it written or spoken (Erman &

Warren, 2000). Owing to the predominantly formulaic nature of natural human language, they form an im-

portant part of vocabulary knowledge, and are therefore indispensable to language users in both the native or

�rst language (L1) and the second or foreign language (L2) (Durrant & Schmitt, 2009; Gyllstad, 2013; Nation,

2001).

In the �elds of Second Language Acquisition (SLA), Applied Linguistics, and Language Teaching, the impor-

tance of formulaic language (also referred to as multi-word units) has been widely acknowledged (Nattinger &

DeCarrico, 1992; Wray, 2002). According to Howarth (1998), knowing and using such sequences has a positive

impact on a L2 speaker’s �uency. A widely cited paper by Pawley and Syder (1983) claims that proper use of

multi-word units allows L2 speakers to sound more “native-like” as it grants them idiomaticity, and in so do-

ing, �uency. However, it has long been acknowledged by researchers and teachers alike that even advanced L2

speakers face many challenges in acquiring, understanding, and using formulaic language, and collocations in

particular, in the L2 (Nesselhauf, 2004; Siyanova-Chanturia & Omidian, 2019; Wolter, 2019; Wray, 2002).
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The last two decades have seen a growing body of SLA research on formulaic language, a vast amount of which

focuses on collocations. Classroom and corpus-based evidence points to three in�uential factors that a�ect the

acquisition of collocations: (i) frequency, i.e., exposure to the L2 input, (ii) congruency, i.e., availability of a di-

rect word-for-word translation of the L2 collocation in the L1, and most importantly (iii) semantic transparency,

i.e., the degree to which the meaning of a word combination can be gleaned by analysing the constituent words.

The e�ects of frequency and congruency are fairly straightforward—�ndings suggest that increased frequency

of exposure to the L2 input facilitates collocational learning (e.g., Durrant & Schmitt, 2009; Webb, Newton, &

Chang, 2013), as does availability of the collocation in the L1 (e.g., Peters, 2016; Tsai, 2020). However, evidence

suggests that it is the semi-transparent nature of collocations that most hinders acquisition—L2 speakers are of-

ten unaware of the alternate meanings and hence tend to overestimate their understanding of these lexical units,

while remaining oblivious to the failure in comprehension (Laufer, 2011; Laufer & Waldman, 2011; Martinez &

Murphy, 2011).

Similarly, there is a growing interest in understanding L2 collocational acquisition and processing within the

�eld of Applied Psycholinguistics. Over the last decade, a slow, but steady accumulation of psycholinguistic

evidence mirrors the aforementioned �ndings that frequency, congruency, and semantic transparency a�ect L2

collocational acquisition and processing. Evidence from a series of online1 experiments carried out by Brent

Wolter and his colleagues, Henrik Gyllstad, and Junko Yamashita clearly points to the e�ects of frequency and

congruency (Wolter & Gyllstad, 2011, 2013; Wolter & Yamashita, 2015, 2018). High-frequency collocations show

processing advantages over low-frequency ones, and congruent collocations (available in the L1 and L2) show

processing advantages over incongruent collocations (not available in the L1). In terms of semantic transparency,

Gyllstad and Wolter (2016) found that free combinations, which have completely transparent meanings (e.g.,

eat cake), show a processing advantage in both the L1 and L2 over congruent collocations which have semi-

transparent meanings. Furthermore, Yamashita (2018) reported that congruent collocations tend to be more

transparent than incongruent collocations, and called for future research "to examine congruency and semantic

transparency simultaneously" by extending Gyllstad and Wolter’s (2016) work to include incongruent colloca-

tions.

To the best of my knowledge, this call has not yet been answered and semantic transparency in general has been

largely ignored in the psycholinguistic literature.
1Experiments that measure reaction time (RT) as the dependent variable.

2



Processing Collocations in the L2

1.2 English as an L2

Spoken by more than a billion people (EF Education First, 2020), English has become the common language of

communication amongst people from di�erent origins, nationalities, and backgrounds, not only in the social

realm, but also in the realms of economy, commerce, science, and technology (Crystal, 2003). It is undeniable

that the English language has become a veritable global lingua franca (Galloway & Rose, 2015), and provides

a competitive advantage to those striving to climb the socio-economic ladder (Cronquist & Fiszbein, 2017; EF

Education First, 2020). Advances in digital technologies, easy access to the global market, and emerging oppor-

tunities in the gig economy have changed the face of the modern labour market (Graham, Hjorth, & Lehdon-

virta, 2017). From research labs to global conglomerates, workplaces now depend on high levels of international

and intercultural collaboration, which makes English pro�ciency a critical skill in terms of employability (EF

Education First, 2020).

Against this backdrop, it is evident that the playing �eld is not level. L1 English speakers have a clear compet-

itive edge. Moreover, the rising tide of economic immigration to English-speaking countries such as the UK,

Canada, Australia, and the USA is yet to ebb (Triandafyllidou, 2016), and pro�ciency in English is critical not

only for economic gains, but also for successful social assimilation (Bleakley & Chin, 2010). Navigating the in-

tricacies and complexities of a brave new world is not a trivial task, and L2 speakers face many di�culties when

operating in a second language (Pavlenko, 2017). Therefore, understanding how a second language is acquired

and processed will not only contribute to SLA theory, but could also inform e�ective classroom strategies to

tackle the issues faced by L2 learners.

1.2.1 English in Brazil & Portugal

In Brazil and Portugal, as in many other countries across the globe, pro�ciency in English is viewed as the price of

entry to the perceived economic, technological, and cultural bene�ts of our globalized world (British Council,

2015; Finardi, 2017; Santos David, 2016). This attitude can be witnessed by the top-down language policies

requiring that English be taught in schools at the primary level (Cronquist & Fiszbein, 2017; Santos David,

2016) and the push for internationalization in higher education in both countries (Coelho & Arau Ribeiro,

2018; Guimarães, Mendes, & Hildeblando Júnior, 2021).

In addition, many Portuguese and Brazilian citizens are immigrating for economic reasons to countries where

English is the dominant language (Jouët-Pastré & Braga, 2008; Pereira & Azevedo, 2019), leading to an increased

demand for English language courses. The linguistic landscape in the big cities like Rio de Janeiro and Lisbon is

littered with ad campaigns by language schools catering to this demand. It comes as no surprise then that there

is an increasing number of L2 English speakers whose L1 is Portuguese (EF Education First, 2020), a language
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with approximately 232.4 million speakers (Eberhard, Simons, & Fennig, 2021).

In SLA research, the impact of the L1 on L2 acquisition has been widely acknowledged and investigated (Gass,

Plonsky, & Behney, 2020; Joseph et al., 2018; McManus, 2019). Yet, despite recurring calls by researchers in the

�eld to diversify (e.g., Siyanova-Chanturia & Spina, 2020; Yamashita, 2018), most SLA research on L2 English

seems to focus on a select few L1 backgrounds such as Chinese, Japanese, German, Dutch, and Spanish. In

comparison, the body of SLA research on L2 English with L1 Portuguese participants is scarce.

1.3 Aims & Scope

The present study aimed to explore the role of semantic transparency and congruency in L2 collocational pro-

cessing by extending Gyllstad and Wolter (2016). In order to do so, incongruent collocations in conjunction

with congruent collocations and free combinations were tested. To suppress the e�ects of frequency, only high-

frequency items were used.

A quantitative approach to data collection and analysis was employed. The target populations were adult L1

Brazilian Portuguese (BP), and European Portuguese (EP) speakers of L2 English with a Common European

Framework of Reference for Languages (CEFR) pro�ciency level of B2 or above, along with a control group

of L1 English speakers. The LexTALE was administered to the L2 speakers as a proxy for general English pro�-

ciency. Data was collected by means of a semantic acceptability judgement task (SAJT) and analysed using Gen-

eralized Linear Mixed-e�ects Models (GLMMs). The results suggested that although semantic transparency

a�ected collocational processing in the L2, the e�ect of congruency was more pronounced. Additionally, in

contrast with Gyllstad and Wolter (2016), there were discrepancies in the processing tendencies of the L1 group

and L2 groups which could be attributed to frequency.

1.4 Structure

This dissertation is structured as follows. Chapter 2 contains a review of the literature that informed the research

questions and the methods. Chapter 3 begins by presenting the research questions that this dissertation seeks

to answer and then describes and justify the methods used to address them. Chapter 4 presents the results of

the statistical analyses carried out on the data. Chapter 5 discusses these results in detail followed by a discussion

of the limitations of this study and recommendations for teaching collocations in the L2 classroom. Finally,

chapter 6 summarizes the conclusions drawn from this study.
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1.5 A Note on Terminology

The use of certain terms must be addressed beforehand in order to facilitate reading. Due to the stigma asso-

ciated with the terms native and non-native when referring to language users (see Jenkins, 2007, 2014; Kachru,

1982), these terms will not be used unless absolutely unavoidable, and the terms L1 and L2 will take their place.

L1 and L2 without any quali�ers should henceforth be understood as referring to L1 English and L2 English,

respectively, unless stated otherwise (e.g., L1 Portuguese). References such as Portuguese speakers or Italian uni-

versity students should be understood as L1 Portuguese speakers of L2 English or L1 Italian university students

learning L2 English, unless speci�ed otherwise. The term Portuguese includes both European Portuguese (EP)

and Brazilian Portuguese (BP). Contradicting Krashen’s (1982) view that learning is a conscious activity and

acquisition is a subconscious one, the two terms will be used interchangeably.

To facilitate the interpretation of results, the terms speed and accuracy will be frequently used to refer to the

dependent variables reaction time (RT) and error rate (ER), respectively. It must be noted that higher speed and

higher accuracy indicates lower RT and ER, while lower speed and lower accuracy indicate higher RT and ER,

respectively. Finally, the term processing cost refers to higher speed and lower accuracy, while processing advantage

refers to lower speed and higher accuracy.
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Chapter 2

Theoretical Background

This chapter reviews the literature on collocational acquisition and processing. Section 2.1 describes how the

term collocation is operationalized in this study based on relevant SLA research. Most importantly, it describes

Howarth’s Collocational Continuum which forms the main theoretical basis of this study (section 2.1.1). Sec-

tion 2.2 brie�y outlines how collocations �t within usage-based theories of language acquisition and reviews

key studies that investigate the roles of frequency, congruency, and semantic transparency in L2 collocational

processing. Finally, section 2.3 concludes this chapter with a summary of the key theoretical assumptions un-

derlying this study.

2.1 De�ning Collocations

One of the most di�cult challenges faced by researchers investigating collocations is the lack of consensus on

their de�nition. Despite vociferous calls (see Siyanova-Chanturia & Omidian, 2019; Wolter, 2019; Wood, 2019)

for a uniform de�nition, the term is used varyingly and often vaguely which makes it di�cult to compare and

consolidate �ndings (Nesselhauf, 2004; Wray, 2013). However, traditionally, there have been two main ap-

proaches to operationalizing the term—the phraseological approach, and the frequency-based approach (Hen-

riksen, 2013).

2.1.1 The Phraseological Approach

As the name suggests, this approach is rooted in phraseology—a sub-�eld of linguistics that concerns itself with

the study of multi-word units in terms of grammatical structure, meaning, and use (Cowie, 1998). These units

are distinguished based on: (i) compositionality, i.e., the degree to which the individual constituents that make
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up the combination contribute to its overall meaning, and (ii) lexical �xedness, i.e., whether or not the con-

stituent words can be substituted with a synonym (Cowie, 1994). Based on a continuum of least �xed and most

compositional to completely �xed and non-compositional, Howarth (1998) proposed a descriptive, typological

model of multi-word units with four main categories—free combinations, restricted collocations (henceforth,

collocations), �gurative idioms, and pure idioms (see �gure 2.1).

FREE

COMBINATIONS

PURE

IDIOMS
RESTRICTED

COLLOCATIONS

FIGURATIVE

IDIOMS

Transparent

− Fixed

+ Compostional

Opaque

+ Fixed

−Compositional

Figure 2.1. Howarth’s Collocational Continuum Model

On the transparent end of this continuum lie free combinations , wherein both content words are used in their

literal sense and substitutions can be made such that neither of their meanings are a�ected (e.g., blow a trum-

pet). Then come collocations wherein, minimally, one word is �gurative, and the other is literal, generating a

transparent meaning (e.g., blow a fuse) that has an arbitrary restriction on the substitution of individual words

(e.g., *burst a fuse1). Figurative idioms are those combinations wherein both words can be interpreted entirely

�guratively, but also literally (e.g., blow your own trumpet). Finally, on the far end of the continuum lie pure

idioms that only have non-compositional meanings and allow no substitutions (e.g., blow a ga�2).

It must be noted that there are various other descriptive models that have been put forth to classify multi-word

units within and without the phraseological tradition (e.g., Cowie, 1994; Erman & Warren, 2000; Mel’čuk, 1998;

Nattinger & DeCarrico, 1992). However, only Howarth’s model will be considered here3, as the present study

aims to extend Gyllstad and Wolter (2016) which set out to empirically test this model. Therefore, it forms an

integral part of the underlying theoretical basis of the present study. Nevertheless, the term “collocation” is still

vaguely de�ned in this model. In order to further constrain this de�nition, this study invokes Mel’čuk’s (1998)

de�nition which resorts to formal linguistics.

According to Mel’čuk (1998), any lexical item X in a given language L can be denoted as follows:

X = 〈′X ′; /X/; SX 〉, (2.1)

wherein, ‘X’ is the meaning of lexical item X, /X/ is the phonetic representation of X, and SX is the syntactic
1The asterisk "*" denotes ungrammaticality.
2To reveal a secret (mostly used in British English).
3An extensive discussion of other models is beyond the scope of this dissertation, hence the reader is directed to Wray (2002).

7



Processing Collocations in the L2

data on its co-occurrence with other lexical items.

Let A and B be lexical items of language L, wherein ‘A’ is the literal meaning of A, ‘B’ is the literal meaning of

B, and ‘C’ is the meaning expressed by lexical item B, contingent on A.

AB is a collocation i� B expresses ‘C’ contingent on A, under one of the following conditions:

1. ‘C’ ≠ ‘B’, and

a. ‘C’ is empty, such that A selects B to support it in a particular syntactic con�guration

(e.g., to launch an appeal)

or

b. ‘C’ is not empty but B expresses ‘C’ only with A, or with a few other similar lexical items

(e.g., black co�ee)

2. ‘C’ = ‘B’ , i.e., lexical item B has (in the dictionary) the corresponding meaning and

a. ‘B’ cannot be expressed with A by any possible synonym of B

(e.g., heavy smoker versus *weighty smoker)

or

b. ‘B’ includes (an important part of) ‘A’, and is thus bound by A

(e.g., aquiline nose, the horse neighs)

Therefore, a collocation is denoted as:

AB = 〈′A ⊕ C ′; /A ⊕ B/; SAB〉. (2.2)

In contrast, a free combination which only expresses the literal meanings of A and B would be denoted as:

AB = 〈′A ⊕ B′; /A ⊕ B/; SAB〉, (2.3)

while a �gurative idiom which expresses the meaning ‘C’ such that neither the literal meanings of A, nor B are

part of the meaning of AB would be expressed as:

AB = 〈′C ′; /A ⊕ B/; SAB〉 | ′A′ ≠ ′C ′& ′B′ ≠ ′C ′. (2.4)

As illustrated, Mel’čuk o�ers a more precise de�nition of collocations than Howarth by putting the onus of

classi�cation on one constituent, i.e., B. In Verb+Noun (V+N) constructions, the di�erentiating factor between

a free combination and a collocation depends on the verb. The noun is always read in the literal sense, and if the
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verb expresses its literal meaning, it forms a free combination, but if it expresses a �gurative meaning, it forms a

collocation.

One �nal caveat in operationalizing the term collocations adequately for the purposes of this study is that multi-

word units, like single words, can have multiple meanings. For example, blow a fuse—an example of a collocation

provided by Howarth himself—has multiple meanings and �ts more than one category on the continuum. If

the noun fuse is used literally and the verb blow �guratively, then it can be rightly classi�ed as a collocation, but

blow a fuse could also be read as ‘to get angry’, wherein both words are used �guratively, putting it squarely in

the class of �gurative idioms. This is problematic when creating items for testing as the alternative meanings

could act as confounds. Therefore, the collocations tested in the present study are syntagmatically related V+N

items that adhere to condition 1.a of the four conditions laid out by Mel’čuk, with the added constraint that

they must have no plausible reading other than that expressed in de�nition 2.2.

2.1.2 The Frequency-based Approach

The frequency-based approach to de�ning collocations has its roots in modern Corpus Linguistics (Wray,

2002). This is a quantitative approach that uses statistical measures such as Mutual Information (MI) scores

and t-scores to gauge the strength of associations between two words. These measures are used to calculate the

probability of two words appearing together in a given body of text.

Collocations are de�ned as two or more words occurring in close proximity, more frequently than chance would

allow (Gries, 2010; Sinclair, 1991), and all multi-word sequences are included under this term (Supasiraprapa,

2018). The semantic nature of the items do not play a role in this approach, i.e., no distinction is made between

free combinations, collocations, �gurative idioms, and pure idioms.

2.1.3 Some Critiques & Considerations

The phraseological approach is subjective. It relies heavily on semantic analysis without any regard to frequency.

Conversely, the frequency-based approach is objective, relying heavily on frequency measures and disregarding

the semantic aspects of the word combinations identi�ed. According to Henriksen (2013), the phraseological

approach is problematic in that it could leave collocations unidenti�ed, or conversely, it could misidentify word

combinations that have appeared together by chance as a collocation. Similarly, the frequency-based approach

could also lead to the possible misidenti�cation of collocations (e.g., of the, in the, etc.) while leaving infrequent

collocations unidenti�ed (ibid.). Additionally, it must be noted that regardless of the di�erences between the

two approaches, the constituent words of a collocation are always syntagmatically related (Nesselhauf, 2004).
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The inadequacies of both approaches notwithstanding, Schmitt (2010) suggests that researchers investigating

collocations should integrate both approach by identifying probabilistic patterns and analyzing them based on

semantic criteria. However, most research on collocations employs the frequency-based de�nition (ibid.). In

fact, according to Fioravanti, Senaldi, Lenci, and Siyanova-Chanturia (2021), only two studies investigating L2

collocational acquisition have employed a phraseological framework—Gyllstad and Wolter (2016) and Nessel-

hauf (2003). Therefore, the present study employs both de�nitions by �rst identifying collocations and free

combinations according to Mel’čuk’s de�nitions with the help of expert and non-expert native speaker judge-

ments, and then cross-referencing them in a corpus based on statistical scores that indicate the strength of their

association, and frequency.

2.2 Collocations in SLA Research

Given the assumption of a strict distinction between the lexicon and syntax, with the lexicon comprising only

those items that could not be constructed on the basis of rules (Chomsky, 1969), collocations and other subsets

of multi-word units have been largely ignored by the generative approach to linguistics (Wray, 2013). Genera-

tivists viewed lexicalized units larger than the word as part of the periphery and not the core, an issue of per-

formance and not competence, and therefore research on collocations languished in the heyday of Chomskian

linguistics (Al-Dobaian, 2017).

In contrast, a number of research programs that focus on the socio-pragmatic use of language, i.e., performance,

have come to the fore over the last few decades (see Goldberg, 2005; Tomasello, 2001, 2003). Broadly categorized

as emergentist, or usage-based theories, these approaches emphasize the role of meaning and use as the basis of

language learning and the emergence of language structure (Bybee, 2010; Tomasello, 2009). They postulate that

language is acquired through use, and that repeated use of a linguistic unit gives rise to the structure of language

itself (Tomasello, 2003). This repetition leads to the entrenchment of that unit in the speakers’ memory, al-

lowing for faster access and retrieval (Bybee & Beckner, 2012). Morever, the patterns of language emerge from

the learner’s cumulative analysis of the distributional characteristics of the linguistic input that they receive,

and e�cient language processing depends on knowing these patterns (Bybee & Beckner, 2012; Ellis, 2011; Ellis

& Ogden, 2017). Simply stated, frequency not only drives language acquisition, but also a�ords �uency and

automaticity in language processing.

Within the usage-based paradigm, language is viewed as a fundamental cognitive ability, such that both adults

as well as children are thought to employ the same domain-general cognitive mechanisms when acquiring a

language (Evers-Vermeul & Tribushinina, 2017). Therefore, L1 and L2 acquisition are thought to be more similar

than di�erent, as they are assumed to employ the same underlying mechanisms. This Kuhnian (2012) paradigm
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shift from the generative to the usage-based approaches provided a much needed impetus not only for research

in SLA, wherein frequency is a well-known factor that a�ects language learning (Joseph et al., 2018), but also

for research on collocations, which are frequently used lexical patterns and therefore, easily �t this view.

The last decade has seen a rise in the number of studies investigating collocational acquisition and processing that

have given credence to usage-based theories. Emerging trends suggest that frequency, congruency, and semantic

transparency are important factors in L2 collocational acquisition and processing. The following sections will

discuss key studies that investigate these factors.

2.2.1 Evidence from Applied Linguistics and Language Teaching

Given that collocations are studied from a usage-based perspective, it is not surprising that a considerable amount

of research on collocations exists that has explored the e�ect of frequency. Durrant and Schmitt (2009) investi-

gated the use of Adjective+Noun (ADJ+N) collocations in written language and found that L2 writers tend to

overuse high-frequency collocations while under-using low-frequency ones. In a lab-based study, Durrant and

Schmitt (2010) found that repeated encounters resulted in better recall in adult L2 learners, suggesting that they

retain probabilistic information about the co-occurrence of words in the input. Another study by Webb et al.

(2013) which investigated the e�ects of repeated exposure on incidental collocational acquisition reported that

increased exposure resulted in a positive e�ect on receptive and productive knowledge. Edmonds and Gudmes-

tad (2021) found that L2 French learners increased their use of low frequency collocations after spending a year

abroad in France. Similarly, Siyanova-Chanturia and Spina (2020) reported that advanced learners used more

infrequent and opaque collocations than beginners. Although these are just a few examples, the relationship

between frequency and collocational acquisition is well-established and acknowledged.

The role of the L1 has long been known to have an e�ect on L2 acquisition (James, 1980; Lado, 1957), and

congruency is another important factor known to a�ect collocational acquisition. In a classroom-based study,

Peters (2016) investigated the in�uence of congruency on collocational acquisition with forty-one Dutch uni-

versity students, advanced English as a Foreign Language (EFL) learners, and reported that even in intentional,

collocation-focused instructional exercises, incongruent collocations (not available in the L1) were more di�-

cult for learners to acquire than congruent collocations. Similar �ndings were reported by Nesselhauf (2003).

In a learner corpus of thirty-two essays written by German university students, advanced EFL learners, Nessel-

hauf (2003) reported that almost one quarter of the collocations were judged as erroneous by L1 speakers, and

a higher percentage of errors was found in the production of incongruent collocations than congruent ones.

Tsai (2020) reported that Chinese EFL learners recalled congruent collocations more accurately than incongru-

ent collocations in a content-base instruction setting. Laufer and Waldman (2011) observed that irrespective of

pro�ciency, L2 learners used fewer collocations than native speakers, and that L1-related errors persisted even
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at advanced levels. Interestingly, Leśniewska and Witalisz (2007) reported that advanced Polish EFL learners

rejected acceptable congruent collocations in English, possibly due to uncertainty regarding the transferability

of their L1 collocational knowledge. Evidently, the L1 can support as well as hinder collocational learning in the

L2.

Apart from frequency and congruency, there is also evidence that learners are often unaware of collocations due

to their semi-transparent nature. Martinez and Murphy (2011) administered two reading comprehension tasks

that di�ered in terms of whether or not the texts contained multi-word expressions to 101 Brazilian Portuguese

(BP) English as a Second Language (ESL) learners. They reported a signi�cant decrease in comprehension for

the texts with multi-word units, while the learners’ self-reported comprehension scores were higher than their

actual scores for the those same texts. The authors concluded that these over-estimations could be attributed

to the partially transparent meaning of collocations. Similarly, while investigating the e�ects of dictionary-

use in collocational acquisition with ninety-�ve Hebrew ESL students, Laufer (2011) observed that although

dictionary-use contributed to collocational learning, many learners overestimated their collocational knowledge

and reported not having consulted a dictionary. In an exploratory study of �fty-four collocations in the Corpus

of Contemporary American English (COCA), Macis and Schmitt (2017) found that a substantial percentage

of collocations have both opaque and transparent meanings, and strongly recommend that they be explicitly

taught.

Employing the phraseological framework and Howarth’s continuum, Fioravanti et al. (2021) investigated L1

Italian speakers’ and L2 Italian learners’ sensitivity to lexical �xedness and compositionality in free combina-

tions, collocations, and idioms. They administered two tasks to two di�erent groups of participants. In the

�rst task, an acceptability judgement task was administered to twenty L1 and twenty L2 speakers, all univer-

sity students. Forty free combinations, forty collocations, and forty idioms (all V+N items) were incorporated

into 120 sentences. Then another 120 sentences with synonyms of the verbs used in the target set were created.

The participants were asked to rate the acceptability of the sentences. The second task employed a multiple

choice task wherein the same 120 target stimuli sentences from the �rst task were used with the verbs removed.

Twenty L1 and twenty-two L2) were asked to pick the acceptable verb from the choices available to complete

the sentences. The data were analysed using Linear Mixed-e�ects Models (LMMs). The results showed that L1

speakers were less likely to judge a synonym used in a collocation as acceptable than in a free combination, while

the opposite was found for L2 speakers, i.e., they were more open to substituting verbs in a collocation than in

a free combination. Both groups perceived idioms as the least �exible. These �ndings suggest that L2 learners

are unaware of the lexical �xedness of collocations, and that idioms are less di�cult than collocations for L2

learners to acquire. The authors conclude that their �ndings support usage-based theories, as well as provide

empirical support to Howarth’s descriptive categories.
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From the above discussion, it is evident that collocations are problematic for L2 learners and that frequency,

congruency, and semantic transparency are intervening factors in collocational acquisition. Evidence from psy-

cholinguistic studies mirror these �ndings.

2.2.2 Evidence from Applied Psycholinguistics

In an eye-tracking study, Siyanova-Chanturia, Conklin, and van Heuven (2011) investigated how binomial phrases

(e.g., bride and groom, black and white) that di�er in phrasal frequency were processed by twenty-eight L1 and

twenty-eight pro�cient L2 English speakers, all university students. Participants were asked to read sentences

containing binomial phrases and their reversed forms (groom and bride), which are syntactically and semanti-

cally identical, but di�er in terms of frequency—the former being more frequent than the latter. LMMs revealed

that both groups were not only sensitive to the phrasal frequency of the binomials, but also to whether the con-

�guration was reversed. They conclude that their results support usage-based theories of language processing,

since eye-movements re�ect the reader’s experience with language.

In order to test the e�ects of congruency and frequency on L2 collocation learning, Yamashita and Jiang (2010)

administered an online phrase-acceptability judgment task to twenty-four ESL and twenty-three EFL learners

(L1 Japanese), and twenty L1 speakers using congruent collocations, incongruent collocations, and �llers. RTs

and ERs were analysed using an Analysis of Variance (ANOVA). Their results indicated that while the ESL

group performed better than the EFL group (faster RTs and lower ERs), both groups were less accurate in

the incongruent condition than the congruent one. Yamashita and Jiang concluded that greater L2 exposure

increases the potential for collocational acquisition, and that incongruent collocations are harder to learn even

for ESL speakers who had increased exposure to English. They further suggest that frequency (L2 exposure)

and congruency interactively a�ect collocational acquisition.

In light of Yamashita and Jiang’s �ndings, Wolter and Gyllstad (2011) used a primed Lexical Decision Task (LDT)

and a test of receptive collocational knowledge to further explore the e�ect of congruency on L2 collocational

processing. Thirty-one L1 Swedish advanced (self-reported) learners of English, and thirty-seven L1 English

speakers were presented with V+N collocations (congruent, incongruent, baselines, and �llers). The LMM

results showed that the L2 group processed and recognized congruent collocations more e�ectively than the

incongruent ones. No congruency e�ects were observed for L1 speakers. The authors conclude that the L1 exerts

considerable in�uence on the development of collocational knowledge in the L2, thus corroborating Yamashita

and Jiang (2010).

Wolter and Gyllstad (2013) then investigated the interaction of frequency and congruency in L2 collocational

processing with twenty-�ve advanced learners of English (L1 Swedish), and twenty-seven L1 English speakers.
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They used an acceptability judgement task to present high to medium frequency ADJ+N incongruent, congru-

ent, and non-collocational items, and LMMs to analyse RTs and ERs. Their results indicated a signi�cant e�ect

of frequency for both groups, suggesting that L1 and L2 speakers use similar mechanisms for collocational learn-

ing and processing, and thus providing support for usage-based theories. The L1 group responded signi�cantly

faster to incongruent collocations than the L2 group. However, they found no signi�cant di�erences between

the two groups for congruent and non-collocational items, indicating that incongruent collocations were prob-

lematic for L2 speakers. Interestingly, they also observed signi�cantly faster RTs for high-frequency incongru-

ent collocations than for low-frequency congruent collocations, indicating that frequency trumps congruency.

Based on these �ndings, Wolter and Gyllstad posit that the processing advantage for congruent collocations

could be explained by automatic L2 to L1 lexical priming, i.e., the L1 provides “ready-made” collocations that

are inserted into the L2 lexicon.

To test this explanation, Wolter and Yamashita (2015) set out to investigate if collocational patterns acceptable

in the L1 but not the L2 would still be activated when processing language entirely in the L2. Their sample

consisted of twenty-�ve advanced and twenty-�ve intermediate L2 English speakers (L1 Japanese), along with

twenty-seven L1 speakers. They used a double LDT to present ADJ+N and V+N items in three conditions: (i)

word-for-word infelicitous English translations of Japanese collocations (e.g., *far eye), (ii) incongruent colloca-

tions, and (iii) baseline items. Regardless of pro�ciency, they found no priming e�ect for the translated infelici-

tous collocations, which indicated no support for the explanation put forth by Wolter and Gyllstad (2013). They

also found no processing advantages for the incongruent collocations over baselines. Based on these results, they

hypothesized that Age of Acquisition (AoA)/Order of Acquisition (OoA) e�ects (c.f. Carroll & White, 1973)

could perhaps provide a better explanation for the processing advantages o�ered by congruency.

In a follow up study, Wolter and Yamashita (2018) set out to empirically test if the AoA/OoA accounts could be

better suited to explain the congruency e�ect. They tested the e�ects of frequency, congruency, and pro�ciency

on twenty-four advanced and twenty-three intermediate learners of English (L1 Japanese), and twenty-seven L1

speakers. They used an online acceptability judgment task with the same conditions as Wolter and Yamashita

(2015) with the addition of a congruent condition. The RT and ER data were analysed using LMMs. Results

showed that L2 speakers processed congruent collocations signi�cantly faster than incongruent collocations,

and that all three groups were sensitive to both word and phrasal frequency. There was no signi�cant di�erence

between L1 and advanced L2 speakers on the congruent condition. Once again, no processing advantages were

found for the Japanese-only collocations (infelicitous in English). As for pro�ciency, they found similarities

between the intermediate and advanced groups in both congruent and incongruent items. They concluded

that AoA/OoA did seem to provide the best explanation for the congruency e�ect, but called for more re-

search on the topic. The psycholinguistic evidence reviewed up until this point clearly lends support to the

well-established view in SLA and Language Teaching that frequency and congruency play an important role L2
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collocational processing. However, there is a dearth of psycholinguistic evidence with respect to the e�ect of

semantic transparency on L2.

To test the e�ect of semantic transparency in conjunction with frequency, Gyllstad and Wolter (2016) admin-

istered a visual SAJT with thirty-eight L1 English speakers and twenty-seven advanced learners of English (L1

Swedish), all university students. The stimuli set consisted of V+N items in two conditions—free combina-

tions (e.g., write a letter) and collocations (e.g., draw a conclusion), based on Howarth’s Continnum (see �g-

ure 2.1). To avoid the interference of the congruency e�ect, only congruent collocations were used. The LMM

analysis showed that overall there were no di�erences between the L1 and L2 groups—collocations were pro-

cessed slower, and with less accuracy than free combinations. Unsurprisingly, they also observed that phrasal

frequency predicted RT, providing additional support for the usage-based theories. Concluding that semantic

transparency a�ects the processing of multi-word units, the authors suggest that their results provide empirical

evidence for Howarth’s theoretical model. They also call for more research using the phraseological framework

and for future studies to expand their work by including other categories from Howarth’s model.

Finally, Yamashita (2018) set out to investigate if semantic transparency could explain the congruency e�ect

by categorizing the target collocations from the �ve experiments (Wolter & Gyllstad, 2011, 2013; Wolter & Ya-

mashita, 2015, 2018; Yamashita & Jiang, 2010) described above based on semantic transparency . The results

showed that an overwhelming majority of the congruent items used in those studies were more transparent,

while those that were incongruent tended to be more opaque. Based on this evidence, Yamashita ventures that

semantic transparency could possibly contribute to the congruency e�ect. However, she does so without deny-

ing or diminishing the role of the L1. Highlighting the signi�cance of Gyllstad and Wolter’s (2016) �ndings,

Yamashita calls for the need to examine the e�ects of congruency and transparency simultaneously. On an in-

teresting side-note, Yamashita (2018) found a 90% overlap between Swedish and Japanese collocations that were

also congruent with English, indicating that congruent collocations may be more universal than previously

thought. The evidence from Gyllstad and Wolter (2016) and Yamashita (2018) highlights the need for further

exploration into the role of semantic transparency in L2 collocational processing.

Limitations

Given that L2 learners tend to transfer collocational knowledge from their L1, linguistic distance might be a

relevant factor that could a�ect collocational processing. However, only L1 Japanese and Swedish learners were

tested by Wolter and colleagues. Replicating these studies with learners from di�erent L1 backgrounds would

provide a more comprehensive understanding of the e�ect of the L1 on L2 collocational processing. Moreover,

the sample population in almost every study consisted solely of university students, which does not allow for

generalization of the results to the rest of the population (see Andringa & Godfroid, 2020, for an in-depth
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discussion). An e�ort should be made to recruit a more diverse sample.

Many of the studies reported here have small sample sizes and are therefore underpowered. Yet, they use LMMs,

which require su�cient power for the results to be reliable and replicable (Kumle, Võ, & Draschkow, 2021). For

example, a quick power analysis using the ‘sjstats’ package (Lüdecke, 2021) in R for Fioravanti et al.’s (2021) study

reveals that a minimum of �fty participants per group, and a total sample size of ninety-nine was required for

the study to be su�ciently powered for an LMM analysis. However, their sample size per group is substantially

lower than �fty. This is problematic as: (i) underpowered studies have a greater probability of erroneously

showing larger e�ect sizes than high-powered studies (Gelman & Weakliem, 2009), and (ii) the social sciences

are rife with publication bias which leads to studies reporting larger e�ect sizes being more likely to be published

(Roettger, 2021). In the case of a type II error (rejecting the null hypothesis when it should be accepted), an

underpowered study is likely to show a larger e�ect size and thus more likely to get published, impacting not only

the �ndings of the study in particular, but the �eld in general, giving rise to an "inconsistent and misleading"

body of literature (Smith, 2012). Therefore, it is important to estimate the sample size required during the

research planning stage, before data collection can commence.

Furthermore, as demonstrated by Yamashita (2018), semantic transparency must be taken into account when de-

veloping items for psycholinguistic experiments. A frequency-only de�nition—used in all the studies described

here, except for Fioravanti et al. (2021); Gyllstad and Wolter (2016); Nesselhauf (2003)—may not be adequate to

model L2 collocational behaviour, as semantic transparency is an important linguistic characteristic of a word

combination and is known to a�ect processing. Another issue when selecting target stimuli is the inclusion of

cognates—words that are similar in form and meaning—which are known to boost processing times (Urdaniz

& Skoufaki, 2019). For example, Gyllstad and Wolter (2016) use collocations such as run a riskwhich in Swedish

is löpa en risk. Since this could act as a confounding variable, care must be taken to avoid cognates, or balance

them across stimuli sets.

Finally, not all studies accounted for learner pro�ciency, while some depended on self-reports which are of-

ten unreliable (Tomoschuk, Ferreira, & Gollan, 2019), making it di�cult to compare �ndings between studies

involving di�erent groups of speakers. Using validated tests, such as the Quick Placement Test (QPT), Test

of English for International Communication (TOEIC) or the LexTALE to measure pro�ciency must become

standard procedure in SLA research. Additionally, reliable measures of pro�ciency could be useful to model

collocational processing at di�erent pro�ciency levels.
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2.3 Summary

Although this is by no means an exhaustive review of the literature, the coalescing picture narrows down the

underlying factors known to a�ect collocational acquisition and processing to frequency, congruency, and se-

mantic transparency. Evidence from the classroom as well as the lab has shown that these factors do not work in

isolation. Frequency is key to collocational acquisition, given that both congruency and semantic transparency

are a�ected by it. However, to the best of my knowledge, there is no online psycholinguistic study that has

investigated semantic transparency and congruency simultaneously.

Therefore, based on the review of the literature presented in this chapter, this study aims to empirically evaluate

the e�ects of semantic transparency in tandem with congruency by extending Gyllstad and Wolter (2016). This

will be done by incorporating congruent and incongruent collocations into Howarth’s Continuum under the

assumption—based on Yamashita’s �ndings—that incongruent collocations are less transparent than congruent

ones (see �gure 2.2). Paying heed to Schmitt (2010), statistical measures of association will be taken into account

for item development. Moreover, to minimize the e�ect of frequency, only high-frequency collocations will be

used.
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Figure 2.2. Congruent and Incongruent Collocations in Howarth’s Continuum
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Chapter 3

Methods

This chapter presents and justi�es the methods used in this study. First, the research design is outlined in sec-

tion 3.1. The sample population is described in section 3.2, while section 3.3 describes the materials used in this

study. The data collection method and experimental procedure are outlined in section 3.4. In section 3.5, the

statistical procedures that were used to analyse the data are described and justi�ed. The chapter concludes with

an ethics statement in section 3.6.

3.1 Research Design

A quantitative, cross-sectional design was employed in keeping with the methods used by Gyllstad and Wolter

(2016). The cross-sectional aspect of this study entailed a between-participants/within-items factor. Participants

belonged either to the control group which consists of L1 English speakers or one of two experimental groups L1

Brazilian Portuguese (BP) and European Portuguese (EP), together referred to as L1 Portuguese. Items belonged

to one of four experimental conditions—free combinations, congruent collocations, incongruent collocations,

and baseline items. Each item in each condition was seen by every participant in each group that completed the

experiment. Given the review of the literature in chapter 2, the following research questions (RQs) and their

associated null hypotheses (H0) and alternative hypotheses (H1) were put forth:

RQ1: For L2 English speakers (L1 Portuguese), is there a statistically signi�cant di�erence in processing speed

and accuracy between free combinations versus congruent collocations?

H0: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for free combinations

is the same as that of congruent collocations.
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H1: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for free combinations

is not the same as that of congruent collocations.

RQ2: For L2 English speakers (L1 Portuguese), is there a statistically signi�cant di�erence in processing speed

and accuracy between free combinations versus incongruent collocations?

H0: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for free combinations

is the same as that of incongruent collocations.

H1: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for free combinations

is not the same as that of incongruent collocations.

RQ3: For L2 English speakers (L1 Portuguese), is there a statistically signi�cant di�erence in processing speed

and accuracy between congruent versus incongruent collocations?

H0: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for congruent and in-

congruent collocations is the same.

H1: For L2 English speakers (L1 Portuguese), the processing speed and accuracy for congruent and in-

congruent collocations is not the same.

RQ4: Is there a statistically signi�cant di�erence in processing speed and accuracy between L1 English and L2

English speakers (L1 Portuguese)?

H0: The processing speed and accuracy for L1 English speakers is the same as that of L2 English speakers

(L1 Portuguese).

H1: The processing speed and accuracy for L1 English speakers is not the same as that of L2 English

speakers (L1 Portuguese).

To test these hypotheses, a semantic acceptability judgement task (SAJT) was administered to all participants,

following Gyllstad and Wolter (2016). The data were analysed using the GLMM framework with a mixed-

model ANOVA. In order to address RQ1 and RQ2, each L2 group was compared by their performance on

the free combinations versus the congruent and the incongruent conditions, respectively. For RQ3, each L2

group’s performance on the congruent condition was compared to their performance on the incongruent con-

dition. Finally, to address RQ4, L1 English speakers’ performance was compared to that of the two L2 groups

(L1 Portuguese) for each of the four conditions. The baseline items used in this study played a dual role—they

were used as �ller items to counter familiarity e�ects, and also for comparison with the other conditions. It

must be noted that the two L2 groups will not be compared to each other as there is no underlying theoretical

motivation to do so.
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This study involved two main predictor variables—the participants’ language group (L1 group), and collocation

type (condition)—and two dependent variables—speed (RT), and accuracy (ER).

3.2 Participants

This section describes the recruitment process, the participants’ background, and the exclusionary criteria. For

the experimental groups, pro�cient (CEFR B2 level and above) adult L1 BP and European Portuguese (EP)

speakers of L2 English were recruited, while for the control group, adult L1 English (EN) speakers were recruited.

No consideration was given to the variety of English spoken.

A power analysis was performed to determine the sample size required for a multi-level mixed-e�ects model

using the ‘sjstats’ package (Lüdecke, 2021) in R. The results showed that for a medium to large e�ect (.2), a

minimum of 48 participants per L1 group and a total sample size of 143 was required.

3.2.1 Recruitment

A total of 749 participants were recruited through email and the snowball e�ect. For the L2 groups, profes-

sors and researchers at various universities in Portugal and Brazil were contacted via email. They were asked to

disseminate the link to their students in the classroom, via social media, and mailing lists. L1 English speakers

were recruited by sending emails to various departments, research groups, JCRs (Junior Common Room), and

MCRs (Middle Common Room) at the University of Oxford, as well as to other universities in the UK. Emails

were sent to the researcher’s personal contacts who �t the description of the target populations. They were also

encouraged to forward the email to their personal contacts and share it on social media. Additionally, at the end

of the experiment, participants were encouraged to share a link to the experiment with anyone that might be

interested in participating.

After exclusions, the present study had a total sample size of 329 participants. Of these, ninety-nine were L1

English (EN) speakers (48 female, 50 male, 1 non-binary), 122 BP speakers (33 female, 86 male, 3 non-binary),

and 108 EP speakers (77 female, 29 male, 2 non-binary). The present study was considered to be su�ciently

powered as it surpassed the minimum requirements of the power analysis.

3.2.2 Initial Exclusions

Of the 749 people that were recruited, only 510 completed all nodes in the experiment tree. Those that did

not reach the ‘end’ node were excluded. Fourteen participants were excluded as they reported their L1 to be a

language other than EP, BP, or English. Ninety-�ve participants with mean reaction times (mRTs) faster than
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450 ms were eliminated, as it indicated that they were not attending to the task. Similarly, nineteen participants

that registered a mean accuracy of less than 50% were eliminated. Although Gyllstad and Wolter (2016) do

not eliminate any participants based on accuracy, it was deemed necessary here as the task was not performed

in a controlled environment. Other exclusions made on the basis of socio-demographic self-reports and L2

pro�ciency are described in the following sub-sections.

3.2.3 Socio-demographics

Socio-demographic information was collected by means of a questionnaire. The participants were asked to pro-

vide information about their L1, age, level of education, handedness, vision and any known language pathologies

(see Appendix A.3.5). The data collected are summarized in the following sub-sections.

Age

In terms of mean age, there was a small but signi�cant di�erence between all three groups. The L1 English par-

ticipants were the oldest group with a mean age of 30 years (SD = 12.2), while the mean age of the BP and EP

group were 28.5 (SD = 7.17) and 27.6 (SD = 10.5), respectively (table 3.1). All three groups were positively skewed

in terms of age, violating the assumption of normality required for an ANOVA. Therefore, a Kruskall-Wallis

non-parametric test was used (see Hatch & Lazaraton, 1991) to compare the three groups, and a signi�cant di�er-

ence was found (H(2) = 714, p < 0.0001). A post-hoc Dunn’s test (see Dinno, 2015) revealed that all groups were

signi�cantly di�erent from each other. Hence, all analyses that involved L1 group as a factor were conducted

with age as a covariate.

Table 3.1. Mean Age (in years) by L1 Group

Brazilian Portuguese (BP) English (EN) European Portuguese (EP)

Mean 28.5 30.0 27.7

SD 7.2 12.2 10.5

Language Pathologies

The participants were asked if they had been diagnosed with dyslexia or any other language pathologies. Five

participants responded with a “yes” and eight responded with an “unsure”. A Kruskall-Wallis test showed sig-
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ni�cant di�erences in mRTs between all groups (H(2) = 778.26, p < 0.001). The follow-up Dunn’s test showed

that all groups were signi�cantly di�erent. Given that participants with language pathologies such as dyslexia

show processing delays in visual semantic judgement tasks (see Rüsseler, Becker, Johannes, & Münte, 2007),

these thirteen participants were excluded.

Handedness

In terms of handedness, 269 of the 329 participants reported themselves as being right-handed (BP = 110, EN

= 61, EP = 98), twenty-six were left-handed (BP = 6, EN = 13, EP = 7), and thirty-four were ambidextrous (BP

= 6, EN = 25, EP = 3) (table 3.2). The number of ambidextrous self-reports is abnormally high especially given

that only 1 in 100 people (1%) are ambidextrous (Rodriguez et al., 2010). These participants were not eliminated,

as it would entail losing approximately 25% of the L1 English group. However, given that the task had equal

amounts of “yes” and “no” responses, no group had a performance advantage due to handedness. Hence, it was

not included as a covariate. As an aside, this illustrates the tenuous and unreliable nature of self-reported data,

if untrue (see Tomoschuk et al., 2019).

Table 3.2. Handedness by L1 Group (Self-reported)

Handedness Brazilian Portuguese (BP) English (EN) European Portuguese (EP)

Ambidextrous 6 25 3

Left 6 13 7

Right 110 61 98

Vision

This study is fundamentally based on the participants’ visual word recognition abilities. Therefore, twenty-

�ve participants (BP = 12, EN = 7, EP = 6) who reported visual impairments other than corrected vision were

eliminated to avoid vision-related processing lags acting as a possible confound.

Education

All participants reported having attained, or being on course to complete, a degree in higher education. No

exclusions were made based on education level. See Appendix A.2 for more details.
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3.2.4 L2 Background

Information about the participants’ L2 background was collected by means of a questionnaire. There was a

signi�cant di�erence in the mean starting age of English learning between the BP (11.2 years old) and the EP

(7.55 years old) groups (t = 75.941, df = 19784, p < 0.001).

Table 3.3. Mean Starting Age of English Learning

Brazilian Portuguese (BP) European Portuguese (EP)

Mean 11.18 7.54

SD 4.02 2.85

Eighty-three participants (BP = 31, EP = 52) reported having studied in an English as a Medium of Instruction

(EMI) institution, while forty-three (BP = 23, EP = 20) reported having studied abroad in a majority English-

speaking country. Additionally, �fty-three (BP = 30, EP = 23) participants reported having lived in an English-

speaking country for an extended period of time.

The participants were also asked where they �rst began learning English. A majority of the EP speakers (78%)

reported that they �rst learned English in school, while BP speakers reported �rst learning English in language

institutions (37%). Only 18% of the BP speakers and 16% of the EP speakers reported �rst learning English at

home. For more details, see Appendix A.3. These questions were asked solely for the sake of describing the

sample, and no exclusions were made based on any of their responses, nor were they included in any statistical

analyses.

L2 English Pro�ciency

The LexTALE test (Lemhöfer & Broersma, 2012) was administered to gauge general English pro�ciency. The

mean score was 84.56% for the BP group and 82.34% for the EP group. A Welch’s two-sample t-test showed a

signi�cant di�erence between the two groups (t = 16.63, df = 19,742, p < 0.001). Ninety-two BP and sixty-�ve

EP speakers scored more than 80% and were classi�ed as advanced (CEFR C1-C2). Thirty BP and forty-three

EP speakers scored between 60-80%, and were classi�ed as upper-intermediate (CEFR B2).
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Table 3.4. Mean LexTALE Scores

Lextale Brazilian Portuguese (BP) European Portuguese (EP)

Mean 84.56 82.34

SD 9.10 10.02

Since the European Union stipulates that L2 speakers attain a CEFR level of B2 or above to gain access to higher

education, the same was deemed to be an appropriate minimum pro�ciency level for the purposes of this study.

Therefore, seventeen participants who scored less than 60% were excluded.

Additionally, L2 participants were asked to report their CEFR levels (A1-C2) and self-assess their pro�ciency in

the four skills—reading, listening, speaking and writing (see Appendices A.4 and A.5). Owing to inconsistencies

between the self-reports and the LexTALE scores, only the latter were used to exclude participants with low

pro�ciency.

English Variety

In order to establish justi�cation for the use of the English TenTen Corpus, 2018 (ENtenten18) in lieu of the

British National Corpus (BNC) or the COCA (see discussion in section 3.3.1), the participants were asked to in-

dicate the variety of English that they spoke. Unsurprisingly, from a geopolitical standpoint, more BP (58%) than

EP speakers (11%) reported speaking American English, while more EP (34%) than BP speakers (7%) reported

speaking British English (table 3.5). A substantial number of participants reported speaking both1 American

and British English (BP = 31%, EP = 48%). This clearly illustrates the need for referencing a more diverse corpus,

or at the very least, referencing both the BNC and the COCA, to account for the language to which learners

are exposed in experimental design.
1Additionally, one of the participants in this study noted in the comments section, “In theory, British English, but American tele-

vision/movies/music had a lot more in�uence in my learning path”.
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Table 3.5. Self-reported English Variety Spoken

Brazilian Portuguese (BP) European Portuguese (EP)

British English 8 37

American English 71 11

Both 38 52

Don’t Know 5 7

Other 0 1

Total 122 108

3.3 Materials

3.3.1 Sketch Engine

Sketch Engine (Jakubíček, Kilgarri�, Kovář, Rychlý, & Suchomel, 2013) is an online text analysis tool for per-

forming word co-occurrence analyses, extracting terms, generating frequency lists, and other lexicographic func-

tions. The Word Sketch feature was used to identify the items used in this study. Word Sketch �nds the collo-

cates of the queried word in a given corpus, and provides a one-page summary of the grammatical and colloca-

tional behavior exhibited by that word. The collocations included in the resulting ‘word sketch’ are organized

according to grammatical relations (e.g., subject, object, modi�er) and displayed along with their logDice and

frequency scores.

TenTen Corpora

For item development, Sketch Engine’s Portuguese TenTen Corpus, 2011 (PTtenten11) and English TenTen

Corpus, 2018 (ENtenten18) were used as reference corpora. The PTtenten11 corpus contains 3,896,392,719 words

(4,622,750,491 tokens) from both varieties—EP and BP—crawled from the internet between 2011 and 2012. An

extensive search found no other Portuguese language corpus with both varieties as well as phrasal frequencies.

The ENtenten18 is a dynamic web corpus, containing 21,926,740,748 words (25,825,512,637 tokens). The texts

were crawled between 2016 and 2018. In addition to its massive size and dynamic nature, it does not restrict itself

to a single variety—it incorporates sub-corpora of various Englishes such as Indian, Canadian, and Australian

English (see Appendix A.6).
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In contrast, the BNC, a corpus of British English, and the COCA, a corpus of American English, are static

corpora that only contain texts from their speci�c varieties, and are widely used in Applied Linguistics and

SLA. However, these corpora may not re�ect the English to which L2 learners are exposed. Although a learner

might be taught British English in school, they watch Hollywood movies, play video games, use social media, etc.

outside the classroom. Access to the internet allows for exposure to other varieties of English such as Canadian

English, Indian English, etc. It is well-known in the �eld that learning does not take place solely in the classroom,

especially in today’s digital age with global mobility and enhanced access to foreign languages online (Lamb,

2017). In the same way that it would be inappropriate to study child language using an adult language corpus,

it is no longer appropriate to use mono-varietal corpora to gauge the language to which L2 learners are exposed.

Therefore, the present study used the ENtenten18 for item development. However, every item was checked

against the BNC and the COCA to ensure that they occur in both major varieties of English.

logDice

Instead of widely used association scores such as the Mutual Information (MI) score (Church & Hanks, 1990),

and t-scores, Sketch Engine provides logDice values as a measure of association. The MI score—used by Wolter

and Yamashita (2018), and Gyllstad and Wolter (2016)—expresses the extent to which words co-occur in com-

parison with the number of times they appear separately in relation to corpus size. It is expressed as follows:

M.I. Score = log2
2 f xy N
f x f y

,

wherein, ‘f xy’ is the number of co-occurrences of words x and y, ‘f x’ is the number of occurrences of word x,

‘f y’ is the number of occurrences of word y, and ‘N ’ is the size of the corpus.

The MI score is strongly a�ected by frequency and corpus size, wherein low-frequency words tend to have a

higher MI score (indicating stronger association), which could be misleading (Rychlý, 2008). Since it takes

corpus size into account, it makes between-corpora comparisons impossible (ibid.). Additionally, the larger the

corpus, the more skewed the MI scores. This makes them hard to interpret. Therefore, Rychlý (2008) suggests

using the Dice score (Dice, 1945) which calculates association without accounting for corpus size. It is expressed

as follows:

Dice (D) =
2 f xy

f x + f y
.

However, the values of the Dice score (D) are usually very small numbers. Therefore, Rychlý (2008) proposes

the logDice, which is easier to interpret and is expressed as follows:
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logDice = 14 + log2 D.

LogDice expresses the strength of the association between two words that occur together. A logDice value of

14 (theoretical maximum) indicates that the two words always occur together in a given corpus, while a score of

zero means that they never occur together. A negative score indicates dissociation—the words are likely to be

unrelated. In essence, the closer the value is to 14, the stronger the association.

Unlike MI scores, logDice values are not a�ected by corpus size, allow for comparison between corpora, and

are easy to interpret. Although MI scores have been standard in research involving collocations in SLA, many

recent studies have switched to logDice instead (e.g., Edmonds & Gudmestad, 2021; Frankenberg-Garcia, 2018;

Frankenberg-Garcia, Lew, Roberts, Rees, & Sharma, 2019; Gablasova, Brezina, & McEnery, 2017; Gilquin, 2017;

Öksüz, Brezina, & Rebuschat, 2021). Given the above discussion, and the fact that the ENtenten18 is a behe-

moth of a corpus, the logDice values were used to identify the items in this study.

3.3.2 LexTALE

Although self-ratings of language pro�ciency are prevalent in SLA research, the validity of such ratings is un-

clear (Tomoschuk et al., 2019). Therefore, the LexTALE, a valid and standardized test of vocabulary knowledge

for medium to highly pro�cient speakers of L2 English (Lemhöfer & Broersma, 2012), was used as a proxy for

general English pro�ciency. This test was designed with cognitive researchers in mind and has become increas-

ingly popular in psycholinguistic circles (e.g., Poort & Rodd, 2019; Urdaniz & Skoufaki, 2019) as it is quick (3-5

minutes), easy to administer, and free. Additionally, it is considered to be a fair indicator of general English

pro�ciency as there is a signi�cant correlation between LexTALE scores and: (i) the QPT, and (ii) the Test of

English for International Communication (TOEIC) scores (Lemhöfer & Broersma, 2012).

The LexTALE is a simple un-speeded visual lexical decision task with sixty trials—forty words and twenty non-

words. The trials were administered with the same instructions, and in the same order as recommended by

Lemhöfer and Broersma (2012), with the exception that a 2,000 ms timeout was added. This was done following

Poort and Rodd (2019) since the main task, which was performed �rst, was speeded.

Vocabulary size is measured by taking into account the percentage of correct responses, adjusted for the unequal

proportion of words and non-words in the test by averaging the percentages of correct responses for both item

types. This measure is called % correctav (averaged % correct). The formula to calculate LexTALE scores is as

follows:
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% correctav =
(number of words correct/40 × 100) + (number of non − words correct/20 × 100)

2

According to Lemhöfer and Broersma (2012), LexTALE scores below 60% correspond to lower-intermediate

(B1) on the CEFR pro�ciency scale. Scores from 60% to 80% correspond to the upper-intermediate (B2) pro-

�ciency level, while those above 80% correspond to advanced (C1 and C2) pro�ciency level2. These correspon-

dences were based on the equivalences between the LexTALE and QPT score bands, in comparison with those

of the QPT score bands and the CEFR levels.

3.3.3 Item Development

All test items were developed with L1 Portuguese speakers and Howarth’s model in mind. In Portuguese, the

adjective follows the noun (Villalva & Silvestre, 2014), unlike in English wherein the adjective precedes the noun

(e.g., camisaN vermelhaADJ, ‘redADJ shirtN’). Therefore, only Verb+Noun (V+N) collocations were used here

to avoid potential complications arising from word order di�erences between the two languages.

Free Combinations & Collocations

A preliminary list of potential V+N collocations was �rst populated with the help of two learner dictionaries: (i)

The BBI Combinatory Dictionary of English (2010), and (ii) Collins COBUILD Advanced Learner’s Dictio-

nary (2018). De�nite articles were avoided by resorting to nouns in their plural forms (e.g., ‘share dreams’ instead

of ‘share a dream’). Collocations such as ‘run a risk’ (*‘run risks’) were rejected to avoid issues arising due to syn-

tactic violations. Additionally, verbs that could also be interpreted as other parts of speech were avoided (e.g.,

‘open accounts’, ‘store data’), as were collocations that could have reasonable multiple interpretations (e.g.,

‘draw blood’, ‘catch �re’). However, some word combinations such as foot bills and kick habits were included

as the alternative interpretations were deemed to be implausible. Words with di�erent spellings in American

and British English (e.g., color versus colour) were also avoided.

After the list was created, all the items were translated word-for-word into Portuguese by the researcher who is a

pro�cient speaker of EP (CEFR C2). This translated list was then veri�ed and categorized by an L1 EP speaker3.

The translated items were divided into two groups: (i) those that were semantically meaningful collocations in

EP with the exact same semantic sense as their English counterparts, and (ii) those that were not meaningful at

all in EP. Any items that did not �t these categories were eliminated. Simultaneously, a list of free combinations
2These values were adjusted for the gaps and overlaps in the ranges presented in Lemhöfer and Broersma (2012).
3Third-year student of general and Portuguese linguistics at the University of Lisbon, advanced L2 English speaker.
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in English was populated in compliance with the constraints laid out for the collocational items. All free com-

binations were congruent in Portuguese. For example, shave beards was rejected as its Portuguese equivalent is

fazer a barba (*‘to make/do the beard’) or barbear (‘to shave’) which are not direct word-for-word translations.

This list was then checked for cognates4, irrespective of their etymological relation (e.g., carro, ‘car’, inundação,

‘inundation’) . If an item contained a cognate (e.g., satisfazer pedidos, ‘satisfy requests’), it was rejected. This

�ltered list was then veri�ed by an expert L1 BP speaker5. If the items were not directly translatable to BP,

or if their translations violated any of the above conditions, they were rejected. For example, ’break rules’ is a

congruent collocation in EP (quebrar regras), but in BP, the equivalent collocation is ‘driblar regras’ (*dribble

rules). Therefore ‘break rules’ was rejected. Lastly, only items that were unacceptable in both EP and BP were

added to the list of incongruent collocations.

Once all the items met the initial inclusionary criteria, Sketch Engine was used to verify their logDice scores

in both English and Portuguese in their respective tenten corpora. Collocations with no occurrences in the

resulting ‘word sketch’, or those with low logDice scores were rejected. The English collocations were then

checked against the BNC and the COCA to ensure that they were used in both British and American English.

Only those that were found in both corpora were accepted.

To ensure that all individual words would be familiar to the L2 participants and to suppress the e�ects of dif-

ferences in frequency, the individual words in each collocation were checked for frequency in Nation’s BNC/-

COCA Word frequency lists using the Compleat Web VP version 2.5 (Cobb, 2021). The aim was to employ only

those words that belonged to the K-1 band (most frequent word families), but this proved impossible given the

preceding set of constraints on item development. Out of ninety words, seventeen belonged to the K-2 band,

and �ve to the K-3.

Finally, a list of 20 free combinations, 20 congruent collocations, and 20 incongruent collocations (all high-

frequency items) was presented to three L1 English speakers (1 linguistics professor, 1 linguistics student, and

1 non-expert), and three L1 EP speakers, all advanced L2 English speakers (1 linguistics professor, 1 linguistics

student, and 1 non-expert). They were asked to assess: (i) whether or not the verb was used in its literal sense, (ii)

whether or not the noun was used in its literal sense, and (iii) if the word combination had more than one mean-

ing. Additionally, the L1 EP speakers were asked whether or not the English collocation had a literal equivalent

in their L1. There was a 100% agreement within both groups on all sixty items.
4According to Daulton (2008) cognates can be de�ned from a synchronic perspective as words that are similar in form and meaning,

or from a diachronic perspective, as etymologically related words similar in meaning and form. The synchronic de�nition is more

relevant to this study as language learners perceive cross-linguistic similarities that a�ect word recognition (see Petrescu, Helms-Park, &

Dronjic, 2017; Urdaniz & Skoufaki, 2019).
5Linguistics researcher and professor at the Federal University of São Paulo, specializes in Portuguese morphosyntax and verbal

semantics.
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These items were further controlled for length (total number of letters in the item) and syllables (total number

of syllables in the item). Fifteen items per condition—forty-�ve in total—were then chosen for the semantic

acceptability judgement task (SAJT) (see Appendix A.2).

Baseline Items

The baseline items used in this study were semantically meaningless V+N combinations included not only for

comparison, but also to avoid the confounding e�ects of familiarity. To match the number of target items,

forty-�ve baseline items were created by recombining the words from the other three conditions. This ensured

that there would be no di�erence in lexical frequency of individual words between the baseline and target items

(see Wolter & Yamashita, 2015, 2018). Each baseline item was checked against the ENtenten18 corpus to ensure

novelty. Theoretically, these items should have had zero occurrences in the corpus, but given the sheer size of the

ENtenten18 (25,825,512,637 tokens), some baseline items were found when queried. However, the corpus size,

their in�nitesimally small frequencies, and negative logDice values indicate that these occurrences were due to

chance and therefore, these items were deemed not to be meaningful word combinations.

Finally, further checks were conducted for di�erences between the four experimental conditions. While there

were signi�cant di�erences for collocation length (p < 0.05) and the results of Tukey’s post-hoc test revealed

signi�cant di�erences between all conditions, none were found for number of syllables (p > 0.05). Therefore,

collocation length was added as a covariate to all models. Similarly, phrasal frequency was compared (without

the baselines, as they do not exist in theory) and a signi�cant di�erence was found between all groups (p < 0.05).

Therefore, a separate analysis involving phrasal frequency as a covariate was conducted and it was not found to

be a signi�cant predictor for RTs and ERs.

As a result, ninety items in total were used in this study—45 target items and 45 baseline items.

3.4 Data Collection

3.4.1 Pilot

A pilot was run with seven L1 speakers and eight L2 speakers of varying L1 backgrounds to ensure that all tran-

sitions between nodes occurred smoothly, and that all the branches �ltered participants correctly. Two L2 par-

ticipants reported that the font size on the instructions page was too small. This could not be recti�ed in time

for data collection, as it appeared to be a problem that arose from using both HTML and markdown in the

Gorilla™ experiment builder. No other problems were encountered during the piloting process, and the ex-

periment was deemed �t for actual data collection to commence.
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3.4.2 Procedure

The experiment was designed, con�gured and deployed using Gorilla™ (see �gure 3.1).

The experiment could only be accessed by means of a computer with a keyboard, i.e., desktop PC or a laptop.

Touch screen devices such as mobile phones and tablets were restricted as they are known to not accurately

register RTs. There were no restrictions placed on the participants’ browser speci�cations, nor on location and

connection speed.

First, a consent and participant information sheet was presented, wherein a brief explanation about the study

was provided and it was made clear that participation was voluntary and anonymous. Once consent was given,

a routine socio-demographics questionnaire concerning language background, age, laterality, vision, etc. was

administered (see Appendix section A.3.5). Upon completion of this questionnaire, the main task, i.e., the

SAJT, commenced.

Participants were asked whether or not the word combinations that appeared on the screen were acceptable in

English. They were instructed to press the “A” key if they felt an item was “acceptable”, and the “L” key if they

felt an item was “unacceptable”. They were also instructed that there would be a training round, and that they

should answer as quickly and accurately as possible. For screenshots of the instructions see Appendix A.3.8

The stimulus presentation procedure is shown in section 3.4.2. A stimulus (target or baseline item) appeared on

the screen and remained for a total duration of 4,500 ms. If no decision was taken within 4,000 ms, a warning

was presented to the participant indicating that they were responding too slowly. The warning remained on

screen for 500 ms, during which the participant could still respond. A �xation cross would appear on the screen

for a duration of 500 ms between each item.

The test began with a short training set of six items with feedback, so that participants could familiarize them-

selves with the task. After the training set was complete, they were asked to press the spacebar key to start the

task. The task consisted of ninety items that were presented in an individualized random order. Participants

were also allowed a short break of 15,000 ms after 45 items were presented. Most participants completed the

SAJT within 3–5 minutes.

Once the main task was completed, the L1 speakers then proceeded to a debrief questionnaire, while the L2

speakers were presented with an L2 background questionnaire (see Appendix A.3.6). The LexTALE was then

administered to assess the L2 participants’ pro�ciency, after which the debrief questionnaire was presented (see

Appendix A.3.7). This questionnaire asked the participants if they were distracted or if they faced any connec-

tivity issues during the test. Several participants reported encountering distractions and/or internet connection

lags. As Gorilla pre-bu�ers the experiment by downloading it onto the participants’ device (Sauter, Draschkow,
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& Mack, 2020), connectivity issues were assumed to not be problematic. However, distractions are known to

a�ect processing and therefore were included as a covariate.

All participants that successfully completed all nodes of the experiment were given the chance to participate in a

lucky draw to win one of six gift cards worth £25 (in their currency) by submitting their email. The lucky draw

was carried out using Microsoft Excel’s random function and the six winners were noti�ed via email.

3.5 Data Analysis

This section describes the GLMM framework and justi�es its use in this study, after which the model speci�ca-

tion procedure is presented.

3.5.1 Data Trimming

In order to get the data to �t a normal distribution, an assumption for many statistical tests such as ANOVAs and

LMMs, researchers often trim outliers by using the IQR method (see Ratcli�, 1993). This leads to a bias in the

dataset leaning towards the faster RTs and is not truly re�ective of the sample. Therefore, following suggestions

from Baayen and Milin (2010), minimal a priori trimming was carried out, as normality is not an underlying

assumption of a GLMM which was used to carry out the statistical analyses in this study (see discussion below).

All RTs faster than 450 ms (540 of 29,610 observations; 1.82%), and all observations that timed-out at 4,000 ms

(268 of 29,610 observations; 0.9%) were eliminated, culminating in a dataset with 28,802 observations.
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3.5.2 Generalized Linear Mixed-E�ect Models (GLMMs)

LMMs are able to take into account the non-independence of observations, i.e., when one participant provides

multiple measurements (Barr, Levy, Scheepers, & Tily, 2013). Therefore, they are strongly favored by cognitive

researchers and recommended by high-impact journals in Psycholinguistics (Lo & Andrews, 2015). However,

in this study, GLMMs (which also account for non-independence of observations) were used in lieu of LMMs

primarily based on three important considerations—theoretical, empirical, and philosophical.

The fundamental theoretical assumption underlying this study—and most research in cognitive psychology

(Townsend, 1992)—is that the di�erences in RTs observed over experimental conditions are assumed to directly

re�ect the di�erences in time taken to perform the mental task being measured. Simply stated, they are based

on raw RT values. LMMs are constrained by the assumption of normality—the mathematical assumption that

the dependent variable follows a normal (Gaussian) distribution (Gill & Torres, 2019). Given that RT data are

positively skewed, they violate this assumption, thereby a�ecting the estimate of the means and distorting the

outcome of the LMM. To counter this, most researchers apply a non-linear transformation, such as a log or

inverse transformation, to the RT data (see Baayen, 2008) in an attempt to make their data approximate the

normal distribution. Analyses are then conducted on the transformed data. However, this does not allow for

the results to be interpreted in terms of the original metric. i.e., the raw RTs. Although some researchers “back-

transform” the estimates of the LMM to raw RTs, the signi�cance results of the transformed data simply do not

provide any information regarding the signi�cance of the non-transformed data, and are therefore uninforma-

tive (see Berry, DeMeritt, & Esarey, 2010, for an in depth discussion). Simply put, if the empirical predictions

were made based on theoretical assumptions dependent on the raw RTs and not on the transformed metric,

there is a risk of failing to answer the research question (Lo & Andrews, 2015).

From an empirical standpoint, transformation distorts the ratio scale properties of RT data (Stevens, 1946),

which could mislead the researcher. To illustrate, Lo and Andrews (2015) provide an example from a semantic

priming task. Two age groups—one older and one younger—exhibited di�erences in RTs (e.g., 600 and 700 ms

for the younger adults, and 780 and 910 ms for the older adults) when the prime and target were semantically

related (e.g., nurse–doctor) versus when they were unrelated (e.g., plane–doctor). However, when the RTs are

transformed using natural logs, the di�erences between these two groups vanish (e.g., log(700 ms) - log(600 ms)

= 0.15415; log(910 ms) - log(780 ms) = 0.15415). Based on the transformed values, the researcher may conclude

that there is no interaction between age and priming. Evidently, uncritical analyses of log-transformed RT data

with LMMs are problematic as it can lead to incorrect conclusions being drawn.

Philosophically speaking, the epistemic simplicity of a model is a virtue that should not be dismissed (Rochefort-

Maranda, 2016). Models are a way of describing or representing the real world, based on assumptions that are

known to be “approximately true (and exactly false)” (Gabaix & Laibson, 2011). As scientists, we are constantly
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analysing and formulating models in order to understand the relationship between our variables of interest. A

model that makes it easier to understand this relationship is therefore valuable not only to the SLA researcher,

but to all stakeholders involved. Using the raw RT values instead of transformed values allows for easier inter-

pretation of the results, making the model epistemically simpler. Although this comes at the price of predictive

precision (Rochefort-Maranda, 2016), which is a valuable attribute of any good model (Gabaix & Laibson, 2011),

it is mitigated by the research context of this study, wherein the aim is not to make predictions, but rather to

understand the nature of the relationship between the dependent and independent variables.

In the same way that research in Psycholinguistics has moved away from using ANOVAs due to problems as-

sociated with reliance on the mean (see Speelman & McGann, 2013), it is now time to critically consider the

problems associated with LMMs and their underlying assumption of normality which forces the researcher to

make decisions based on mathematical rather than theoretical criteria. GLMMs provide an adequate solution

as they allow for the separation of the mathematical and theoretical components of the model. While the model

itself satis�es the mathematical criteria of normalized, homoscedastic residuals required for linear regression, the

researcher speci�es the following components based on their research question, data and experimental design

(Gill & Torres, 2019; Lo & Andrews, 2015):

• Outcome Variable: The dependent variable being measured by the researcher (e.g., test scores, reaction

time, accuracy, etc.)

• Fixed Factors: The predictor variables (covariates) responsible for systematic variation in the dependent

variable (e.g., age, sex, item type, etc.).

• Random Factors: The sampling structure of the experimental design that contributes to the random

variability in the dependent variable (e.g., participant, item, etc.).

• Distribution: The probability distribution that best describes the plausible processes underlying the

observations (e.g., Gaussian, Beta, Poisson, etc.).

• Link Function: The mathematical function that characterizes the relationship between the �xed factors

and the dependent variable (e.g., log, identity, etc.).

This allows the researcher to conduct a computationally powerful, analytical, and more robust statistical anal-

ysis. Moreover, by eliminating the need to transform the dependent variable, the results become easier to inter-

pret.
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3.5.3 Model Speci�cation

The present study followed Barr et al.’s (2013) recommendation to specify the “maximal random e�ects struc-

ture as justi�ed by the design”. Although these recommendations were made for specifying LMMs, the same

procedure can be applied to specify GLMMs (Singmann & Kellen, 2019). Therefore, two maximal models were

�rst speci�ed, one with reaction time (RT) and the other with error rate (ER) as the dependent variable.

Specifying Fixed and Random Factors

Participant (1|participant) and item (1|item) were included as crossed random e�ects to account for indi-

vidual di�erences, along with the main predictor variables, i.e., L1 group, condition, and the interaction between

the two (l1*condition). Random slopes were included to allow for individual and group variations—the ef-

fect of experimental condition was included as a random slope by participant (1+condition|participant),

and the e�ect of L1 group was included as a random slope by item (1+l1|item).

Four covariates were speci�ed in the maximal models. As there were signi�cant di�erences in age between L1

groups, and signi�cant di�erences in collocation length (length) between experimental conditions, age and

collocation length were added. Given that these covariates were continuous, they were centered on the mean.

Additionally, trial order (trial) was included to account for task familiarity, and distraction was added to ac-

count for environmental factors that could a�ect attention, and thereby RTs. With the exception of probability

distribution and link function, all the above components were common to both models.

The basic R syntax for the maximal models were as follows:

rt ∼ l1*condition + trial + length + distraction + age

+ (1|item) + (1|participant) + (1+condition|participant) + (1+l1|item)

er ∼ l1*condition + trial + length + distraction + age

+ (1|item) + (1|participant) + (1+condition|participant) + (1+l1|item)

It must be noted that Gyllstad and Wolter (2016) used a backward step-wise regression, which involves running a

maximal model and then reducing it by eliminating the covariate with the lowest absolute t-value (or any other

metric speci�ed by the researcher), until only signi�cant covariates remain. Given that the sample size of the

present study was greater than the number of �xed factors, an analysis in this vein could have been pursued.

However, as step-wise regression is dependent on sampling error, the results generated are idiosyncratic and not

easily replicable in other datasets (Menard, 2002). Moreover, for research in the social sciences and education,
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Lewis (2007) suggests that hierarchical regression is the “appropriate tool” due to the covariates often being

correlated with each other. In contrast with backward step-wise regression, the covariates in a hierarchical re-

gression are added to the model in a bottom-up fashion, and their inclusion is determined by the researcher

before the analysis is conducted (ibid.). This is valuable as it allows for models to be built with a grounding

in theory and research, and not through arbitrary mathematical criteria. Although this procedure was not uti-

lized in this study, Lewis’s recommendations were followed, and only those covariates (�xed factors) that were

theoretically or practically motivated were included in the models.

Specifying Probability Distributions and Link Functions

In order to run the maximal models, it was necessary to �rst specify the probability distribution. RT data are

generally unimodal and positively skewed, which is characteristic of chronometric measurements, as they have a

minimum but no maximum value (Ratcli�, 1993). A number of distributions such as the ex-Gaussian, ex-Wald,

Shifted Wald, Gamma, and Inverse Gaussian can be applied to approximate such data (ibid.). However, there is

no consensus in the �eld as to the most optimal distribution (ibid.). Therefore, to approximate an appropriate

distribution, an ad hoc procedure was used.

For the RT analysis, only “correct” responses6 were analysed, following Gyllstad and Wolter (2016). All “incor-

rect” responses (4,677 of 28,802; 1.6%) were eliminated. This resulted in a dataset comprising 24,125 observa-

tions. The observed RTs had a unimodal distribution with a positive skew, same as the untrimmed dataset (see

�gure 3.3).

Figure 3.3. Distribution of Raw Reaction Time (ms)

(Dotted line indicates group mean)

6It must be noted that this was a SAJT, wherein the participants were asked to judge if they felt that the word combinations on the

screen were acceptable in English or not, which means that there is no real “correct” or “incorrect” answer.
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Apart from a visual check for normality, an Anderson-Darling test7 was performed. The signi�cant result (A =

1,086, p < 0.0001) con�rmed that the data were indeed not normally distributed.

A Cullen and Frey graph (see �gure 3.4) was produced using the R package, ‘�tdistrplus’ (Delignette-Muller &

Dutang, 2015). The graph showed that the observations lay within the range of the Beta distribution, close to

the Gamma distribution line.

Figure 3.4. Cullen and Frey Graph

Since the Beta distribution only comprises values between 0 and 1, the data were initially assumed to approximate

a Gamma distribution. The default ‘stats’ package (R Core Team, 2019) also implements the Inverse Gaussian

distribution which can be alternately speci�ed for use in a GLMM. Therefore, the maximal RT model was �rst

run with the Gamma distribution, and then with the Inverse Gaussian. The two models were compared, and the

latter proved to be a slightly better �t as demonstrated by the lower Akaike Information Criterion (AIC) values

(see table 3.6). Therefore, the Inverse Gaussian distribution was speci�ed in all models with RT as the dependent

variable. Although this procedure leaves room for error, the GLMM framework is said to be relatively robust

against “moderate misspeci�cation” of the probability distribution8 (McCulloch & Neuhaus, 2011).
7The widely used Shapiro-Wilks test for normality could not be used as the dataset was too large.
8It must be noted that these distributions are merely theoretical models of real-world data that allow for approximations and sim-

pli�cation of large amounts of data into a few parameters. As such, no theoretical distribution �ts large sets of real-world data perfectly.

38



Processing Collocations in the L2

Model df logLikelihood AIC delta weight

Inverse Gaussian 31 −174, 024.50 348, 111.10 0 1

Gamma 31 −175, 597.70 351, 257.40 3, 146.30 0

Table 3.6. Model Comparison: Inverse Gaussian versus Gamma Distributions

In contrast, specifying the probability distribution of the ER model was straightforward. All 28,802 obser-

vations were analysed in this model. Given that it is a binary variable, the binomial distribution—a discrete

probability distribution—was speci�ed (see Lo & Andrews, 2015). The ‘logit’ link function was used, following

Poort and Rodd (2019).

Procedure for Dealing with Convergence Issues

Models with complex random-e�ects structures often do not converge (Barr et al., 2013; Singmann & Kellen,

2019). Therefore, in the case of convergence issues, the models in the present study would be simpli�ed by �rst

suppressing the correlations (e.g., condition||participant), then the random intercepts, and �nally ran-

dom slopes until convergence was reached. The same would be done in the case of a singular �t warning—a

critical warning that indicates over-�tting of the model and reduced statistical power (Matuschek, Kliegl, Va-

sishth, Baayen, & Bates, 2017).

Statistical Tools

Although the ‘lme4’ package (Bates, Mächler, Bolker, & Walker, 2015) is widely used in psychological research,

the present study used the mixed() function in the ‘afex’ package (Singmann, Bolker, Westfall, Aust, & Ben-

Shachar, 2021) to run the models in R. This function uses the ‘lme4’ package to calculate the estimates, and

then calls an ANOVA to automatically calculate p-values for the main e�ects (predictor variables) and inter-

actions. In contrast, use of the standard ‘lme4’ package only provides p-values of the coe�cients of the linear

model, but not of the e�ects of the predictor variables themselves (Singmann et al., 2021). Additionally, ‘afex’

provides two methods of calculating the p-values for GLMMs—Likelihood-ratio Test (LRT), and Parametric

Bootstrapping. The LRT method was chosen as it is computationally less expensive than the latter, which is

strongly recommended for small sample sizes and not a concern in the case of the present study. A check for

multicollinearity was performed using the check_collinearity() function from the ‘performance’ pack-
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age (Lüdecke, Ben-Shachar, Patil, Waggoner, & Makowski, 2021) and any �xed factor with a Variance In�ation

Factor (VIF) greater than �ve was eliminated from the model. Post-hoc analyses were carried out by computing

the estimated marginal means (EMM), also known as least-squares means, using the package ‘emmeans’ (Lenth,

2021), which allows for pairwise comparisons and contrasts.

3.5.4 Modeling RT Data

Once all the components were speci�ed, the maximal RT model was run. Although convergence was reached,

the singularity check failed. Therefore, the model was simpli�ed as per the procedure laid out in section 3.5.3,

until no more singular �t warnings were encountered. The reduced model retained all the covariates and in-

tercepts of the maximal model. The correlation of the random slope by participant was suppressed, and the

random slope by item was removed altogether. A check for multicollinearity showed a moderate collinearity for

trial (VIF = 6.20). Additionally, the e�ect of trial was not signi�cant (χ2 (1) = 0.45, p = 0.504), therefore it was

eliminated.

The R syntax speci�ed for the �nal RT model was as follows:

rt ∼ l1*condition + length + distractions + age

+ (1|item) + (1|participant) + (condition||participant)

3.5.5 Modeling ER Data

Due to computational constraints, the analysis of the maximal ER model could not be completed. Therefore,

this model was also simpli�ed, based on the same procedure as the RT model. The most complex model that

converged without any singularity warnings was the same as the �nal model speci�ed for RTs. A multicollinear-

ity check once again showed a moderate correlation for trial order (VIF = 6.87), which was eliminated and the

model was re-run.

The R syntax speci�ed for the �nal ER model was as follows:

er ∼ l1*condition + length + distractions + age

+ (1|item) + (1|participant) + (condition||participant)

The results of these analyses will be discussed in the following chapter.
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3.6 Ethics

The present study was approved by the University of Oxford’s Central University Research and Ethics Com-

mittee (CUREC) (see Appendix A.3.1). Data collection commenced upon receipt of approval. Information

outlining the nature of the study, its objectives, and procedures was provided to all potential participants. It

was made clear that participation was voluntary, anonymous, and that participants had the right to withdraw

at any time during the task by closing their browser tab/window.
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Chapter 4

Results

This chapter presents the �ndings of the present study. The three L1 groups are compared based on their per-

formance on the semantic acceptability judgement task (SAJT) in terms of the dependent variables, i.e., speed

(RTs), and accuracy (ERs). Section 4.1 brie�y outlines the global results and descriptive statistics. Then, sec-

tion 4.2 presents the results of the two models and the post-hoc analyses contextualized by the research ques-

tions (RQs) outlined in section 3.1. Lastly, the �ndings are summarized in section 4.4.

4.1 Global Results

The mean reaction time (mRT) and mean accuracy (mean ER) for each L1 group was �rst calculated (see ta-

ble 4.1). The mRT was 1,187.34 ms (SD = 561.82) for the English group, 1,328.09 ms (SD = 589.03) for the BP

group, and 1,328.66 ms (SD = 607.80) for the EP group. In terms of mean accuracy, the BP group scored 83%,

the English group scored 86% , and the EP group scored 83%. The ER values were transformed to percentages

in order to facilitate comparison.

Figure 4.1 illustrates the average performance of each group by condition (item type), while �gure 4.2 illustrates

the mean accuracy of each group by condition. For a detailed report of the descriptive statistics, see table B.3 for

RT, and table B.4 for ER.
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Table 4.1. Mean Reaction Time and Mean Accuracy

Reaction Time Error Rate

L1 Mean SD Mean SD

Brazilian Portuguese (BP) 1,328.09 589.03 0.83 0.37

English (EN) 1,187.36 561.82 0.86 0.35

European Portuguese (EP) 1,328.66 607.80 0.83 0.38

Figure 4.1. Mean RT (ms) of L1 Groups by Condition

IC: Incongruent Collocations, CC: Congruent Collocations, FC: Free Combination

Figure 4.2. Mean Accuracy of L1 Groups by Condition

IC: Incongruent Collocations, CC: Congruent Collocations, FC: Free Combination
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Given that this was an acceptability judgement task, it was deemed important to get an overview of the partici-

pants’ judgements (see �gure 4.3). All baseline items are unacceptable, while all items from the remaining three

conditions are acceptable. However, several baseline items were found to be acceptable by all groups. There-

fore, the mean accuracy of each item was calculated, and four items—lose goals, build secrets, raise bans, and

meet peace—were found to have a mean accuracy of less than 60% (see �gure 4.4). This would be problematic if

only one of the groups were to �nd these items acceptable. However, as this was not the case, these items were

not excluded from the analysis.

Figure 4.3. Acceptability Judgements of L1 Groups by Condition

(Note: CC = Congruent Collocations, IC = Incongruent Collocations, FC = Free Combinations)

Figure 4.4. Overall Mean Accuracy of Baseline Items

For visualizations of the other conditions by accuracy, see Appendix section B.1
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4.2 Model Results

The results of the �nal RT and ER models are presented in this section (table 4.2). For the standard ‘lme4’

outputs of the GLMMs, see Appendix 4.2.

In terms of the main predictor variables, the e�ect of L1 was not signi�cant for speed [χ2 (2) = 0.91, p = 0.634],

but was signi�cant for accuracy [χ2 (2) = 16.67, p < 0.001], while the e�ect of condition (item type) was sig-

ni�cant for both [RT: χ2 (3) = 39.99, p < 0.001; ER: χ2 (3) = 41.46, p < 0.001]. Additionally, the main e�ect

of the interaction between L1 and condition was also signi�cant for both speed [χ2 (6) = 58.82, p < 0.001] and

accuracy [χ2 (6) = 100.35, p < 0.001]. Taken together, these results indicated that the three L1 groups performed

in a very similar manner with respect to overall RTs, but not for ERs, and that their performance varied based

on condition.

As for the covariates, the e�ect of age was signi�cant for speed [χ2 (1) = 15.84, p < 0.001], but not for accuracy

[χ2 (1) = 0.93, p = 0.334]. These results were expected, as research indicates not only that RTs increase with an

increase in age (Woods, Wyma, Yund, Herron, & Reed, 2015), but also that older adults are likely to be more

cautious and tend to favour accuracy rather than speed (Starns & Ratcli�, 2010). Moreover, distractions were

signi�cant in both models [RT: χ2 (1) = 8.72, p = 0.003; ER: χ2 (1) = 15.82, p < 0.001]. This was also expected,

since distractions are known to a�ect RTs (Du & Clark, 2020), as well as accuracy (LaPointe, Heald, Stierwalt,

Kemker, & Maurice, 2007). No signi�cant e�ects were found for collocation length in either model [RT: χ2 (1)

= 2.12, p = 0.146; ER: χ2 (1) = 0.00, p = 0.978].

Table 4.2. Mixed Model ANOVA Results for Reaction Times and Error Rates

Reaction Time Error Rate

E�ect df Chisq P-value df Chisq P-value

1 L1 2 0.91 .634 2 16.67 *** <.001

2 Condition 3 39.99 *** <.001 3 41.46 *** <.001

3 Distractions 1 8.72 ** .003 1 15.82 *** <.001

4 Collocation Length 1 2.12 .146 1 0.00 .978

5 Age 1 15.84 *** <.001 1 0.93 .334

6 L1*Condition 6 58.82 *** <.001 6 100.35 *** <.001

Signi�cance codes: ‘***’ p < 0.001; ‘**’ p < 0.01; ‘*’ p < 0.05
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4.3 Post-hoc Analyses

In order to address the RQs, as well as to understand the results more clearly, post-hoc analyses were carried out

by computing the estimated marginal means (EMM). The trends in the EMMs can be visualized in �gure 4.5

and �gure 4.6. The overall results show that free combinations are processed faster and with fewer errors than

the collocations and baselines, and congruent collocations are processed faster and with fewer errors than in-

congruent collocations.

Figure 4.5. Estimated Marginal Means of Condition by L1 (RT Model)

Figure 4.6. Estimated Marginal Means of Condition by L1 (ER Model)

Pairwise contrasts were conducted for the interaction terms (l1*condition) and condition to answer RQ 1,
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RQ 2, and RQ 3 (see tables 4.3 and 4.4). For RQ 4, pairwise contrasts were conducted for the interaction terms

and L1 (see tables 4.5 and 4.6). All contrasts were carried out for both models and all reported p-values were

adjusted according to the Tukey method (Singmann et al., 2021).

The estimates of the RT model were presented in terms of reaction time in milliseconds. The pairwise contrasts

were carried out by calculating the di�erence in the EMMs of the RTs of the conditions being compared. This

di�erence is denoted by the delta symbol (Δ). NegativeΔ values indicated faster reaction times, i.e., a facilitative

e�ect for the �rst condition being compared over the second. Positive Δ values indicated slower reaction times,

i.e., inhibitory e�ects for the �rst condition being compared over the second.

The estimates of the ER model were presented in terms of odds ratios which express the strength of associations

from logistic regression when a binary outcome is being predicted, in this case, accuracy. It must be noted that

odds ratios should not be equated to probabilities (Norton, Dowd, & Maciejewski, 2018). In all cases, when

comparing two estimates, an odds ratio greater than one indicated that the odds of being correct on the �rst

condition are higher than that of the second. Conversely, an odds ratio of less than one indicated that the

odds of being correct on the �rst condition are lower than that of the second condition. However, to facilitate

interpretation, all discussions that involved an odds ratio value less than 1 were reversed to express the ratio in

terms of higher accuracy (lower ERs). For example, an odds ratio value of 2 indicates that the odds of being

correct on the �rst condition are twice that of the second condition.

4.3.1 RQ 1: Free Combinations versus Congruent Collocations

RQ 1 asked whether there would be a statistically signi�cant di�erence in processing time and accuracy for L1

Portuguese speakers of L2 English for free combinations versus congruent collocations, and it was hypothesized

that there would be a signi�cant di�erence between the two conditions. A statistically signi�cant di�erence was

found, but only for the BP group.

The results show that free combinations were processed signi�cantly faster than congruent collocations by the

BP group [p = 0.0054, Δ = −103.22 ms, standard error (SE) = 31.31], but not by the EP group [p = 0.0597, Δ =

−80.75 ms, SE = 32.28]. Similar results were found for accuracy. The EP group showed no signi�cant di�erences

(p = 0.2606) between free combinations and congruent collocations. However, the BP group showed a small,

but signi�cant di�erence with an odds ratio of 4.00 (SE = 2.10, p = 0.0404) favoring the free combinations.

A signi�cant di�erence was found for speed, and accuracy for the BP group accuracy, but not for the EP group.
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4.3.2 RQ 2: Free Combinations versus Incongruent Collocations

RQ 2 asked whether there would be a statistically signi�cant di�erence in processing time and accuracy for L1

Portuguese speakers of L2 English for free combinations versus incongruent collocations, and it was hypothe-

sized that there would be a signi�cant di�erence between the two conditions. A statistically signi�cant di�erence

was found.

Both groups processed free combinations signi�cantly faster than incongruent collocations (BP: p < 0.0001,

Δ = −231.18 ms, SE = 32.95 ; EP: p < 0.0001, Δ = −204.98 ms, SE = 34.04), and with signi�cantly lower ERs.

The odds ratio of the BP group was 22.26 (p < 0.0001, SE = 11.61), while that of the EP group was 10.46 (p <

0.0001, SE = 5.22), both indicating that free combinations were processed more accurately than incongruent

collocations.

The L2 speakers responded faster and more accurately to the free combinations than the incongruent colloca-

tions. Therefore, the null hypothesis was rejected.

4.3.3 RQ 3: Congruent Collocations versus Incongruent Collocations

RQ 3 asked whether there would be a statistically signi�cant di�erence in processing time and accuracy for L1

Portuguese speakers of L2 English for congruent versus incongruent collocations, and it was hypothesized that

there would be a signi�cant di�erence between the two conditions. A statistically signi�cant di�erence was

found.

The pairwise comparisons of the two congruency conditions show that congruent collocations were processed

signi�cantly faster than incongruent ones by both groups (BP: p < 0.0001, Δ = −127.95 ms, SE = 29.64 ; EP:

p = 0.0002, Δ = −124.23 ms, SE = 30.35). In terms of accuracy, the odds ratio of the BP group was 5.56 (p <

0.0002, SE = 2.67), while that of the EP group was 4.20 (p = 0.0142, SE = 2.01), both indicating that congruent

collocations were processed more accurately than incongruent collocations.

The L2 speakers responded faster and more accurately to the congruent collocations than the incongruent col-

locations. Therefore, the null hypothesis was rejected.

4.3.4 Baseline Items

In terms of RT, signi�cant di�erences (p < 0.0001) between the baselines and the other three conditions were

found for both L2 groups. The di�erences in estimates indicated that free combinations (BP: p < 0.0001 Δ =

−458.29 ms, SE = 30.45 ; EP: p < 0.0001 Δ = −395.83 ms, SE = 31.61), congruent collocations (BP: p < 0.0001, Δ
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= −355.07 ms, SE = 25.60 ; EP: p < 0.0001, Δ = −315.09 ms, SE = 26.19), and incongruent collocations (BP: p <

0.0001, Δ = −227.12 ms, SE = 27.00 ; EP: p < 0.0001, Δ = −190.86 ms, SE = 27.71) were all processed faster than

the baseline items.

However, for accuracy, only free combinations and congruent collocations showed signi�cantly more accurate

responses than baselines. The odds ratio of the BP group was 29.70 (p < 0.0001, SE = 13.34), while that of the EP

group was 9.22 (p < 0.0001, SE = 3.92) for free combinations versus baselines. The odds ratio of the BP group

was 7.42 (p < 0.0001, SE = 3.09), while that of the EP group was 3.71 (p < 0.0090, SE = 1.54) for congruent

collocations versus baselines.

No signi�cant di�erences between incongruent collocations and baselines were found for either group.
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Table 4.3. Pairwise Contrasts of Condition by L1 (RT Model)

L1 Contrast Estimate (Δ) SE Z-ratio P-value

Brazilian Portuguese

FC −CC −103.22 31.31 −3.297 0.0054**

FC − IC −231.18 32.95 −7.017 < 0.0001***

CC − IC −127.95 29.64 −4.316 0.0001***

FC − BL −458.29 30.45 −15.051 < 0.0001***

CC − BL −355.07 25.60 −13.872 < 0.0001***

IC − BL −227.12 27.00 −8.411 < 0.0001***

English

FC −CC −62.69 33.00 −1.900 0.2281

FC − IC −77.13 34.12 −2.261 0.1073

CC − IC −14.44 29.79 −0.485 0.9625

FC − BL −223.97 32.54 −6.884 < 0.0001***

CC − BL −161.28 26.30 −6.132 < 0.0001***

IC − BL −146.84 27.02 −5.435 < 0.0001***

European Portuguese

FC −CC −80.75 32.28 −2.501 0.0597

FC − IC −204.98 34.04 −6.022 < 0.0001***

CC − IC −124.23 30.35 −4.093 0.0002***

FC − BL −395.83 31.61 −12.521 < 0.0001***

CC − BL −315.09 26.19 −12.031 < 0.0001***

IC − BL −190.86 27.71 −6.887 < 0.0001***

FC: Free combinations; CC: Congruent Collocations; IC: Incongruent Collocations; BL: Baseline Items

Degrees of Freedom (df) = Inf

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 4 estimates

Signi�cance codes: ‘***’ p < 0.001; ‘**’ p < 0.01; ‘*’ p < 0.05
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Table 4.4. Pairwise Contrasts of Condition by L1 (ER Model)

L1 Contrast Odds Ratio SE Z-ratio P-value

Brazilian Portuguese

FC/CC 4.00 2.10 2.648 0.0404**

FC/IC 22.26 11.61 5.948 < 0.0001***

CC/IC 5.56 2.67 3.572 0.0020**

FC/BL 29.70 13.34 7.551 < 0.0001***

CC/BL 7.42 3.09 4.814 < 0.0001***

IC/BL 1.33 0.55 0.698 0.8978

English

FC/CC 1.49 0.75 0.793 0.8577

FC/IC 2.22 1.12 1.578 0.3910

CC/IC 1.49 0.73 0.818 0.8460

FC/BL 6.72 2.87 4.466 < 0.0001***

CC/BL 4.52 1.92 3.542 0.0022**

IC/BL 3.03 1.31 2.577 0.0489**

European Portuguese

FC/CC 2.49 1.24 1.827 0.2606

FC/IC 10.46 5.22 4.699 < 0.0001***

CC/IC 4.20 2.01 3.003 0.0142*

FC/BL 9.22 3.92 5.231 < 0.0001***

CC/BL 3.71 1.54 3.145 0.0090**

IC/BL 0.88 0.37 −0.301 0.9905

FC: Free combinations; CC: Congruent Collocations; IC: Incongruent Collocations; BL: Baseline Items

Degrees of Freedom (df) = Inf; Null = 1.00

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 4 estimates

Tests are performed on the log odds ratio scale

Signi�cance codes: ‘***’ p < 0.001; ‘**’ p < 0.01; ‘*’ p < 0.05
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4.3.5 RQ 4: L1 versus L2

RQ 4 asked whether there would be a statistically signi�cant di�erence in processing time and accuracy be-

tween the L1 and L2 groups. The alternate hypothesis was that there would be a di�erence between the groups.

Signi�cant di�erences were found mainly in the incongruent and baseline conditions.

In terms of the post-hoc analyses conducted for the �rst three RQs, the overall performance of L1 group di�ered

from the L2 groups. For both speed and accuracy, there were no signi�cant di�erences between free combina-

tions versus congruent collocations (RT: p = 0.2281; ER: p = 0.8577), free combinations versus incongruent

collocations (RT: p = 0.1073; ER: p = 0.3910), and incongruent versus congruent collocations (RT: p = 0.9625;

ER: p = 0.8460). However, their responses were signi�cantly faster (p < 0.0001) for free combinations (p <

0.0001, Δ = −223.97; SE = 32.54), congruent collocations (p < 0.0001, Δ = −161.28; SE = 26.30), and incongru-

ent collocations (p < 0.0001, Δ = −146.84; SE = 27.02) when compared to baselines. In contrast, there were

varying degrees of signi�cant di�erences for accuracy. Free combinations were 6.72 times (p < 0.0001, SE =

2.87) more likely to elicit an accurate response than baselines, while congruent collocations were 4.52 times (p

= 0.0022, SE = 1.92), and incongruent collocations were 3.03 times (p = 0.0489, SE = 1.31) more likely to elicit

an accurate response than baselines.

The trends in the EMMs calculated for the L1 groups can be visualized in �gure 4.7 for speed and in �gure 4.8

for accuracy.

Figure 4.7. Estimated Marginal Means of L1 by Condition (RT Model)
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Figure 4.8. Estimated Marginal Means of L1 by Condition (ER Model)

A pairwise contrast of the interaction term (l1*condition) by L1 was carried out for both models (see ta-

bles 4.5 and 4.6). Signi�cant di�erences between the L1 and L2 groups were found for incongruent collocations

in terms of speed and accuracy. On average, the L1 group was 129.21 ms faster than the BP group (p < 0.0001,

SE = 24.95), and 147.15 ms faster than the EP group (p < 0.0001, SE = 25.84). The odds ratios in favor of the

L1 group are 3.45 versus the BP group (p < 0.0001, SE = 0.06), and 4.55 versus the EP group (p < 0.0001, SE =

0.05).

No signi�cant di�erences between the L1 and L2 groups were found for congruent collocations (p > 0.05) for

both speed and accuracy. However, while no di�erences were found for speed in terms of free combinations (p

> 0.05), a signi�cant di�erence was found for accuracy, but only between the L1 and the BP group which was

2.86 times (p = 0.0004, SE = 0.79) more accurate.

In terms of baselines, the L1 speakers outperformed both the L2 groups in terms of speed (BP−EN: p < 0.0001,

Δ = −209.49, SE = 25.18; EP−EN: p < 0.0001, Δ = −191.17, SE = 25.84), but not in terms of accuracy (p > 0.05).

These results suggested that the L2 speakers were slower than the L1 group, but not any less accurate when

processing baseline items.

These results only provide a partial answer to RQ 4.
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Table 4.5. Pairwise Contrasts of L1 by Condition (RT Model)

Condition Contrast Estimate (Δ) SE Z-ratio P-value

Free Combinations

BP − EN −24.84 28.18 −0.881 0.6521

EP − EN 19.31 29.14 0.663 0.7852

BP − EP −44.14 27.24 −1.621 0.2368

Congruent Collocations

BP − EN 15.69 23.21 0.676 0.7774

EP − EN 37.36 24.01 1.556 0.2648

BP − EP −21.67 22.62 −0.958 0.6036

Incongruent Collocations

BP − EN 129.21 24.95 5.179 < 0.0001***

EP − EN 147.15 25.84 5.694 < 0.0001***

BP − EP −17.94 25.16 −0.713 0.7558

Baseline Items

BP − EN 209.49 25.18 8.321 < 0.0001***

EP − EN 191.17 25.84 7.398 < 0.0001***

BP − EP 18.32 24.72 0.741 0.7391

BP: Brazilian Portuguese; EP: European Portuguese; EN: English

Degrees of Freedom (df) = Inf

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 3 estimates

Signi�cance codes: ‘***’ p < 0.001; ‘**’ p < 0.01; ‘*’ p < 0.05
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Table 4.6. Pairwise Contrasts of L1 by Condition (ER Model)

Condition Contrast Odds Ratio SE Z-ratio P-value

Free Combinations

BP / EN 2.86 0.79 3.820 0.0004***

EP / EN 1.04 0.24 0.183 0.9817

EP / BP 0.36 0.10 -3.716 0.0006***

Congruent Collocations

BP / EN 1.06 0.23 0.287 0.9557

EP / EN 0.62 0.14 -2.168 0.0768

EP / BP 0.59 0.12 -2.609 0.0247**

Incongruent Collocations

BP / EN 0.29 0.06 -5.708 < 0.0001***

EP / EN 0.22 0.05 -6.706 < 0.0001***

EP / BP 0.78 0.16 -1.263 0.4162

Baseline Items

BP / EN 0.65 0.12 -2.300 0.0559

EP / EN 0.76 0.15 -1.409 0.3361

EP / BP 1.17 0.21 0.890 0.6467

BP: Brazilian Portuguese; EP: European Portuguese; EN: English

Degrees of Freedom (df) = Inf; Null = 1.00

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 3 estimates

Tests are performed on the log odds ratio scale

Signi�cance codes: ‘***’ p < 0.001; ‘**’ p < 0.01; ‘*’ p < 0.05
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4.4 Summary

The �ndings suggest that both L2 groups process free combinations and congruent collocations faster and more

accurately than incongruent collocations. However, discrepancies arise when free combinations are compared

to congruent collocations. The BP group processed free combinations signi�cantly faster and more accurately

than congruent collocations. No signi�cant di�erences were found for the EP group. In terms of speed, both L2

groups were faster on all the conditions in comparison to the baselines. In terms of accuracy, their ER was lower

when responding to free combinations and congruent collocations in comparison to baseline items, but no

signi�cant di�erence was found between incongruent collocations and baselines. Table 4.7 provides a simpli�ed

overview of the �ndings.

The L2 groups’ performance was on par with the L1 group in the congruent condition but the L1 group per-

formed better in the incongruent and baseline conditions, for both speed and accuracy. For free combinations,

no signi�cant di�erences were found between the L1 and L2 groups in terms of speed, but, surprisingly, the BP

group signi�cantly outperformed the L1 English speakers in terms of accuracy. No such di�erences were found

for the EP group. A simpli�ed summary of these �ndings can be found in table 4.8.

Overall, the results suggest that there could be an e�ect of semantic transparency on processing speed for the L2

speakers, but not for the L1 speakers. L2 speakers process free combinations faster than congruent collocations,

which in turn are processed faster than incongruent collocations. The L1 speakers show no such di�erence. The

e�ect of congruency, although visibly present in the RTs, is more noticeable in the ERs, especially highlighted

by the fact that the L2 groups performed similarly on the incongruent and baseline conditions. These results

only partially support the �ndings reported by Gyllstad and Wolter (2016). The following chapter will discuss

these �ndings in more detail.
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Table 4.7. Summary of Comparisons by Condition

DV Brazilian Portuguese (BP) English (EN) European Portuguese (EP)

FC > CC FC = CC FC = CC

RT FC > IC FC = IC FC > IC

CC > IC CC = IC CC > IC

FC > BL FC > BL FC > BL

RT CC > BL CC > BL CC > BL

IC > BL IC > BL IC > BL

FC > CC FC = CC FC = CC

ER FC > IC FC = IC FC > IC

CC > IC CC = IC CC > IC

FC > BL FC > BL FC > BL

ER CC > BL CC > BL CC > BL

IC = BL IC > BL IC = BL

FC: Free combinations; CC: Congruent Collocations; IC: Incongruent Collocations; BL: Baseline Items

">" = Signi�cantly faster than/more accurate than; "=" = No signi�cant di�erences found

Table 4.8. Summary of L1 Comparisons

DV Free Combinations Congruent Collocations Incongruent Collocations Baseline Items

RT EN = BP EN = BP EN > BP EN > BP

EN = EP EN = EP EN > EP EN > EP

ER EN < BP EN = BP EN > BP EN = BP

EN = EP EN = EP EN > EP EN = EP

BP: Brazilian Portuguese; EN: English; EP: European Portuguese

">":Signi�cantly faster than/more accurate than; "<": Signi�cantly slower than/less accurate than; "=": No signi�cant di�erences found
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Chapter 5

Discussion

This chapter discusses and interprets the results described in chapter 4. It is divided into �ve sections. Section 5.1

discusses the results of RQ 1, RQ 2, and RQ 3 within the context of Gyllstad and Wolter’s (2016) �ndings, as well

as other related studies. In section 5.2, the results of the L1 groups performance are brie�y discussed. Section 5.3

then discusses the results of RQ 4, by comparing the L2 groups’ performance to that of the L1 group. The

limitations of the present study are detailed in section 5.4 and suggestions for future studies are also provided.

Finally, section 5.5 makes recommendations for teaching collocations in the L2 classroom.

5.1 Processing Collocations in the L2

The aim of this study was to investigate the e�ects of semantic transparency and congruency on collocational

processing in L1 Portuguese speakers of L2 English. The data have been analysed and the �ndings will be dis-

cussed through the adapted theoretical framework of Howarth’s Collocational Continuum Model (see �g-

ure 2.2), and within the context of Gyllstad and Wolter’s �ndings. Wherever pertinent, the �ndings from other

studies will be drawn on, in order to contextualize these results, potentially adding another piece to the puzzle

that is L2 collocational processing.

To recap, the results of both L2 groups indicated that congruent collocations as well as free combinations

showed processing advantages over incongruent collocations. However, only the BP group showed process-

ing advantages for free combinations over congruent collocations. This same advantage was not observed for

the EP group. Moreover, the L1 group showed no processing advantages for any of the three main conditions.

These �ndings pertinent to RQ 1, RQ 2, and RQ 3 can be summarized by the following statements:
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BP : Free Combinations > Congruent Collocations > Incongruent Collocations (5.1)

EN : Free Combinations = Congruent Collocations = Incongruent Collocations (5.2)

EP : Free Combinations = Congruent Collocations > Incongruent Collocations (5.3)

“>": faster than/more accurately than; “=": no signi�cant di�erence

5.1.1 Free Combinations versus Congruent Collocations

Gyllstad and Wolter (2016) reported processing advantages (faster speed and higher accuracy) for free combina-

tions over congruent collocations in both L1 and L2 (L1 Swedish) groups in their study. They posit that their

results lend support to Howarth’s descriptive typologies at least for free combinations versus congruent collo-

cations. In comparison, the �ndings of the present study are not as clear cut. As can be seen from statements 5.1,

5.2, and 5.3, the BP group showed processing advantages for free combinations over congruent collocations, but

the EP and L1 groups did not. This reveals two discrepancies when compared to Gyllstad and Wolter (2016): (i)

the lack of a processing advantage for free combinations over congruent collocations for the EP and L1 groups,

and (ii) the dissimilarity between the BP and the other groups.

The �rst discrepancy could probably be explained by frequency. All the items used in this study were highly

frequent in both English and Portuguese. Wolter and Gyllstad (2013) found that higher frequency incongruent

collocations are processed faster than low-frequency congruent collocations suggesting that frequency can un-

dermine the e�ect of congruency. Seen in this context, the �ndings of the present study suggest that frequency

can also undermine the e�ect of semantic transparency. This is directly in line with the usage-based approaches

to language acquisition.

In order to address the second discrepancy, there are three details that must be noted: (i) despite being signif-

icantly more pro�cient than the EP group, the BP speakers’ performance was not similar to that of L1 group,

(ii) the L2 groups were on par with one another on every other contrast, and (iii) the BP group were more ac-

curate (but not faster) than both the EP group and, surprisingly, the L1 group on the free combinations. Taken

together, these details indicate that the locus of the discrepancy in the BP speakers’ performance lies in the free

combinations. This result was unexpected. By the law of large numbers, the BP group’s performance should

have been ‘average’, so to speak. However, their performance was signi�cantly better than even the L1 speakers,

which points to the discrepancy being potentially driven by the nature of the BP sample itself.
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Sampling validity is a key issue in the social and behavioral sciences. The procedure used to recruit participants

can introduce di�erent types of biases into the results of a study, reducing the external validity of the sample

(Emerson, 2015; McEwan, 2020). Given the methods used for data collection (see section 3.4), the samples in

this study cannot be considered truly random. The BP group’s data was mainly collected through forwarded

emails and social media posts. In contrast, much of the EP group’s data was collected by professors at various

Portuguese universities sharing the link to the experiment in the classroom. The BP participants actively and

freely chose to participate in the experiment, while the EP speakers possibly felt an obligation to participate.

These di�erences in recruitment and in inclinations to participate may have lead to a selection bias in the sam-

ple which could be re�ected in the performance of the two groups and thereby the �ndings. Other possible

explanations for this discrepancy could be that the BP group were simply faster at processing language in gen-

eral, or that there could have been a di�erence in the criteria applied for judging an item as acceptable (B. Wolter,

personal communication, 21/08/2021).

As an interesting side note, in an attempt to �nd an explanation for the BP group’s anomalous performance

on the free combinations, a model with log-transformed RTs was run. The L2 groups were on par with one

another on all contrasts in this model. Furthermore, the BP group outperforming the L1 group in terms of

speed was also completely obscured in these results (see Appendix section B.3). This clearly underlines the

problems discussed in section 3.5.2 that arise from transforming chronometric data. If the present study were

to have log-transformed the RTs, these discrepancies between the groups would not have come to light, and

therefore would not have instigated the critical re�ection surrounding the implications of the methodological

choices of this study.

5.1.2 Free Combinations versus Incongruent Collocations

This study extended Gyllstad and Wolter (2016) by testing incongruent collocations. As can be seen from state-

ments 5.1 and 5.3, free combinations show a processing advantage over incongruent collocations for both L2

groups. This is not surprising given that free combinations are transparent, while collocations are opaque.

However, the processing advantages hypothesized for free combinations over congruent collocations were not

clearly observed in the �ndings. Therefore, the processing advantages seen here cannot be directly attributed to

semantic transparency alone.

The free combinations used in this study are not only completely transparent, but also congruent in Portuguese,

which unintentionally resulted in a comparison of congruent free combinations to incongruent collocations.

Although the �ndings suggest that there is an e�ect of semantic transparency, wherein free combinations have a

processing advantage over incongruent collocations, the present study was unable to fully determine the extent

of that e�ect, as the conditions being compared also di�ered in terms of congruency. Follow-up studies should
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compare incongruent collocations to incongruent free combinations (see �gure 5.1). If incongruent free com-

binations were found to be processed faster and more accurately than incongruent collocations by advanced L2

speakers, then the processing advantages could be more directly attributable to semantic transparency.

FREE

COMBINATIONS

PURE

IDIOMS

RESTRICTED

COLLOCATIONS

FIGURATIVE

IDIOMSCONGRUENT INCONGRUENTCONGRUENT INCONGRUENT

Opaque

+ Fixed

−Compositional

Transparent

− Fixed

+ Compostional

Figure 5.1. Howarth’s Continuum with Congruency

5.1.3 Congruent Collocations versus Incongruent Collocations

Both L2 groups show a clear processing advantage for congruent over incongruent collocations. These �ndings

are consistent with the growing body of evidence discussed in chapter 2 (e.g., Wolter & Gyllstad, 2011, 2013;

Yamashita & Jiang, 2010) which points to the facilitative role of the L1 when recognizing collocations in the L2.

Similar evidence has also been found for congruent versus incongruent idioms (see Carrol & Conklin, 2014;

Cieślicka & Heredia, 2017; Titone, Columbus, Whitford, Mercier, & Libben, 2015, ).

In an attempt to explain the e�ect of congruency on L2 collocational processing, Wolter and Gyllstad (2013) ven-

tured that it could be due to the e�ects of AoA/OoA—the order in which words are acquired has an in�uence

on how fast their representations are activated, independently of frequency (Carroll & White, 1973). Wolter and

Yamashita (2015) and Wolter and Yamashita (2018) also posit the same. Numerous studies with single-word units

have shown that words which are learned earlier are easier to access than words that are learned later (e.g., Izura

et al., 2011; Stewart & Ellis, 2008). The e�ects were observed to manifest even between high-frequency/late-

acquired words and low-frequency/early-acquired words (Stadthagen-Gonzalez, Bowers, & Damian, 2004).

Arnon, Mccauley, and Christiansen (2017) found that speakers are sensitive to the OoA of multi-word units.

They argue that multi-word units acquired early leave traces in the adult lexicon and are important building

blocks of language, just like single-word units, thereby challenging the long-held ontological distinction be-

tween single-word and multi-word units.

The �ndings of the present study seem to lend support to the AoA/OoA hypotheses as an explanation for
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the e�ect of congruency, given that only high frequency collocations were used in both the congruent and the

incongruent conditions, and that no signi�cant e�ect of frequency was found for RTs and ERs. The congruent

collocations were conceptually encountered earlier in the L1 by L2 speakers. Therefore, they were probably able

to access them faster than the equally frequent incongruent collocations that were encountered later (or quite

possibly never). However, Wolter and Gyllstad (2013) report that high frequency incongruent collocations are

processed faster in the L2 than low-frequency congruent collocations. This contradicts the �ndings reported by

Stadthagen-Gonzalez et al. (2004) for single words and indicates that frequency and congruency may interact

di�erently with multi-word units in comparison to single words—an avenue for future research.

5.1.4 Baselines

Up until now, the discussion has revolved around the three main conditions, and little has been said about the

baseline items, which elicited interesting results in the L2 groups. A processing cost (slower RTs and higher ERs)

for baselines over congruent collocations and free combinations was observed. Despite being high-frequency

items, incongruent collocations were processed faster, but not more accurately than the baselines. These �nd-

ings can be plausibly explained by the possibility of incongruent collocations being just as "nonsensical" as the

baseline items to an L2 speaker when encountered without context, as in this experiment. To illustrate, compare

the incongruent collocation foot bills to the baseline item sing rivers. If an L2 learner is unaware of the usage of

the verb to foot, then they are likely to erroneously judge the item as unacceptable just as they would sing rivers.

This �nding regarding the baselines and incongruent collocations is only partially in keeping with Wolter and

Yamashita (2015) which found no processing advantages for Japanese speakers, and Wolter and Gyllstad (2011,

2013) which reported processing advantages for incongruent collocations over baselines for Swedish speakers.

Wolter and Yamashita (2015) posit that the discrepancy can be attributed to the greater linguistic distance be-

tween Japanese and English versus Swedish and English, and greater exposure to English in Sweden versus Japan.

Like Swedish, Portuguese uses the same orthography, word order, and shares a large number of cognates with

English. However, exposure to L2 input in day-to-day life is not as widespread in Portugal, and even less so in

Brazil, when compared to Sweden. When taken in this context, the �ndings of the present study suggest that the

Portuguese speakers performance lies in between that of the Swedish and Japanese speakers, further underlining

the roles of frequency and congruency in L2 acquisition.

5.2 Processing Collocations in the L1

The L1 speakers showed no processing advantages for free combinations when compared to either of the colloca-

tional conditions. Although the intention was to use the L1 group as a control against which the L2 groups could
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be compared, it is important to address these �ndings as they suggest that Howarth’s descriptive typology has

no psychological reality for collocational processing in the L1. In contrast, the L1 group in Gyllstad and Wolter

(2016) showed processing advantages for free combinations over congruent collocations, supporting Howarth’s

typology.

This discrepancy could be explained by the fact that the present study used only high-frequency items with

strong association scores. Most of the constituent words came from the K-1 and K-2 levels of Paul Nation’s

BNC-COCA list. Usage-based models such as those put forth by Ellis (2008) posit that frequent exposure

leads to chunking, i.e., holistic storage, retrieval, and access in short-term and long-term memory. Studies inves-

tigating compositionality have shown that familiarity, which comes from frequent exposure, plays an important

role in determining processing advantages for compositional and non-compositional idioms in comparison to

matched novel phrases (e.g., Tabossi, Fanari, & Wolf, 2009). According to Ellis, Simpson-Vlach, and Maynard

(2008), multi-word units are encountered and used more frequently by L1 speakers and are therefore processed

faster than matched novel language. The free combinations used in the present study were compositional, and

both the collocations were semi-compositional, but all three sets of items were highly frequent in English and

therefore presumably highly familiar to the L1 speakers. Therefore, if any e�ects of semantic transparency were

to have manifested, they were inadvertently drowned out by the overwhelming e�ect of frequency.

5.3 L1 versus L2

In terms of RQ 4, it was hypothesized that there would be di�erences between the L1 and L2 groups for all four

experimental conditions. This was based on the assumption that the BP and EP speakers were EFL learners

and therefore their behavior would be more in line with Wolter and Yamashita’s (2015; 2018) Japanese speakers

than Gyllstad and Wolter’s (2016) Swedish speakers. However, the L1 and L2 groups were on par with one

another for congruent collocations and free combinations, but the L1 group outperformed the L2 group on

the incongruent and baseline conditions. When considered in tandem with the �ndings that L2 speakers show

processing advantages for both free combinations and congruent collocations over incongruent collocations,

the impact of the L1 on L2 collocational processing becomes even more apparent. Incongruent collocations are

a serious hurdle for even pro�cient L2 speakers.

In terms of Howarth’s continuum, these �ndings suggest that when frequency is controlled, there may be a

tipping point at which semantic transparency begins to a�ect L2 collocational processing. However, this is

merely a speculation as this study was unable to fully isolate the e�ects of semantic transparency and congruency.
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5.4 Limitations & Future Work

One of the main limitations of this study was that the data were collected online and therefore the environment

in which the participants’ performed the task could not be controlled. Given that a wide net was cast in order to

ensure that the sample size was large enough for valid statistical analyses, this was inevitable. Some participants

were administered the task in the classroom, while others happened upon a link to the study on social media

and might have performed the task at home or in a café. This is problematic since environmental distractions

could a�ect processing. An e�ort was made to address this by adding distractions as a covariate to all the models,

and as can be seen from the results, there was a signi�cant e�ect for distractions in all the analyses.

Another limitation that has already been mentioned is the unreliability of self-reported data. Apart from the

curious number of participants claiming to be ambidextrous in the English group, another issue that arose was

the de�nition of L1, or what it means to be a native speaker. The socio-demographic questionnaire used in

this study asked the participants to indicate their L1 with the following options: English, Portuguese (Euro-

pean), Portuguese (Brazil), Other (Please specify). This provided no opportunity for simultaneous bilinguals

to indicate their other language(s), thereby creating an incomplete picture of the participants’ language pro�le.

Moreover, in a private conversation with the researcher, one participant stated that they reported being an L1

English speaker, since English was their “dominant language" and as they “[thought] in English". However, the

participant in question had moved to the UK at the age of �ve and only began learning English thereafter. Evi-

dently, the operationalization of terms such as L1 or native speaker is problematic and has become increasingly

so in today’s globalized world. In terms of this study, it is not entirely clear how many L1 English speakers are

truly so in the sense that English was the �rst language that they acquired as a child. This is bound to have ram-

i�cations on the conclusions drawn, as studies have repeatedly shown that the L1 plays a signi�cant role in L2

acquisition. Future work should gather more detailed information on L1 background and language dominance

in order to gain a deeper understanding of linguistic processing in both the L1 and L2

Only V+N collocations were used in this study. ADJ+N collocations were not included so as to avoid interfer-

ence due to word order, as the adjective is placed after the noun in Portuguese (as in other Romance languages)

(Villalva & Silvestre, 2014). Investigating the e�ects of di�erences in word order on collocational processing

could lead to further advancements in our understanding of language processing at the morphosyntactic inter-

face in the L2. Additionally, other syntactic categories of collocations such as Noun+Noun, Adverb+Verb, and

Adverb+Adjective should also be investigated.

A major oversight in the item development process was a failure to cross-check whether the baselines existed in

Portuguese. Although this could have been problematic, an a posteriori check showed that most of the baseline

items were non-existent and some had very few occurrences in the PTtenten11. Future work should preemptively
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ensure that baseline items do not correspond to meaningful units in the L2, as they could act as confounds.

Given that not all participants could be compensated for their time, the decision was made to keep the experi-

ment as short as possible. Therefore, the LexTALE was not administered to the L1 group. In retrospect, this was

an important measure that should have been recorded. Pro�ciency could have been important predictor of RTs

and ERs and therefore should have been speci�ed in the model. Moreover, these measures would provide an

important metric that could quantitatively gauge the pro�ciency of the L2 speakers by comparing their vocabu-

lary knowledge scores against that of the L1 speakers. Therefore, a reliable and quanti�able measure of language

pro�ciency is an absolute must for any study in SLA. This would also allow for a more accessible comparison

of results between di�erent studies with disparate samples.

Given the pervasiveness of collocations in natural language, there are two other areas of linguistic research that

could bene�t from studying collocations—Ageing, and First Language Acquisition. In the present study, the

diversity of the sample population in terms of age was re�ected in processing speed, but not accuracy, which

is in keeping with the general observations of real-time processing in the ageing literature (see Lo & Andrews,

2015; Woods et al., 2015). Exploration of age-based di�erences in collocational processing could provide further

insights into the e�ects of ageing on language processing. In �rst language acquisition, usage-based approaches

have repeatedly underlined the importance of multi-word units and chunking (see Goldberg, 2005; Tomasello,

2003). Yet, most studies on collocations focus on adult speakers. Recently, Jiang, Jiang, and Siyanova-Chanturia

(2020) investigated collocational acquisition in children. They found that children, like adults, read high-

frequency phrases faster than low-frequency phrases. Follow-up studies investigating semantic transparency

and congruency (in bilingual children) could help broaden our understanding of L1 acquisition.

5.5 Implications for Teaching & Learning Collocations

According to Laufer (2005), lexical items that pose a challenge for L2 learners will be poorly learned, and there

is already a resounding call for explicit teaching of collocations in the L2 classroom (Nation, 2001; Tsai, 2020;

Vedder & Benigno, 2016). The �ndings of the present study indicate that even high-frequency incongruent

collocations are problematic for advanced L2 English speakers. Therefore, explicit teaching of incongruent

collocations is recommended especially in classrooms with fairly homogeneous L1 backgrounds, wherein the

teacher can leverage o� of the students’ shared L1.

Moreover, students should be encouraged to use collocation dictionaries, as well as online resources such as

Sketch Engine’s SkeLL (Baisa & Suchomel, 2014) and ColloCaid (Frankenberg-Garcia et al., 2019) all of which

have been shown to improve vocabulary gains (Frankenberg-Garcia et al., 2019; Hirata & Hirata, 2019; Laufer,

2011). Translation activities wherein explicit contrasts between L1 and L2 collocations are the key focus were
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also found to improve collocation learning (Laufer & Girsai, 2008).

Finally, similar to single words, incidental learning of collocations is known to increase with frequency of en-

counters (Webb et al., 2013), while typographic enhancements of collocations in a text are also known to improve

collocational gains (Choi, 2017; Sonbul & Schmitt, 2013). Nation’s (2011) extensive reading component along

with typographically enhanced collocations in the texts would be a good addition to the L2 classroom.
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Chapter 6

Conclusion

This dissertation aimed to investigate the role of semantic transparency and congruency in L2 collocational

processing. A semantic acceptability judgement task was administered to test free combinations, congruent

collocations, and incongruent collocations alongside an equal number of baseline items. The data of 122 Brazil-

ian Portuguese (BP) speakers, 108 European Portuguese (EP) speakers, and 99 L1 English speakers were analysed

using the Generalized Linear Mixed-e�ects Model (GLMM) framework. Post-hoc analyses were carried out on

the estimated marginal means (EMM) calculated by the models.

In terms of congruency, the results of the L2 groups revealed that the L1 facilitates collocational processing in the

L2—congruent collocations have a processing advantage over incongruent collocations. This is further high-

lighted in the comparison between the L1 and L2 groups. The L2 speakers were on par with the L1 speakers on

the free combinations and congruent collocations, but were at a disadvantage on the incongruent collocations.

Furthermore, the L2 groups were not signi�cantly better at judging incongruent collocations than baselines.

Finally, the incongruent collocations used in this study were highly frequent, yet they negatively a�ected the

speed and accuracy even in pro�cient L2 speakers. This was in keeping with the results from numerous other

studies in the �eld (e.g., Wolter & Gyllstad, 2011, 2013) and clearly underlined the challenge faced by L2 speakers

in processing incongruent collocations in the L2. Based on these �ndings, recommendations were made for the

explicit teaching of incongruent collocations in the L2 classroom.

In terms of semantic transparency, the results of this study only provide partial support for Howarth’s Collo-

cational Continuum. In contrast with Gyllstad and Wolter (2016), the EP and L1 groups showed no processing

advantages for free combinations over congruent collocations. This partial lack of processing advantages could

be explained by the e�ect of frequency since all items used in the study comprised high-frequency constituent

words, as well as strong association scores and high phrasal frequency. Since the idea that frequent exposure

to input plays a role in L2 acquisition was well established in the �eld under the usage-based paradigm (Bybee,
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2010; Ellis, 2008; Tomasello, 2001), it is hardly surprising that frequency could override the e�ects of semantic

transparency. However, even though the BP speakers showed a processing advantage for free combinations over

congruent collocations, it was not clearly attributable to semantic transparency.

Furthermore, free combinations showed a clear processing advantage over incongruent collocations in both

L2 groups. Although this may be attributable to the e�ect of semantic transparency, it could not be isolated

from the e�ect of congruency since the free combinations were also congruent in Portuguese. Future research

should compare incongruent free combinations to incongruent collocations. If a processing advantage is seen

for incongruent free combinations, the �ndings could be seen as lending support to Howarth’s Collocational

Continuum Model. Even though the �ndings of the present study are limited, they do highlight the need for

more research on the topic.

From stealing hearts and drawing ire to chasing dreams and catching fire, collocations with their semi-transparent

meanings have been ignored for far too long in the �eld of linguistics. They are ubiquitous in natural language

and critical to �uency in both the L1 and L2, making research on collocations an important contribution to

linguistic theory in SLA and beyond.
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Appendix A

Methods

A.1 Participants

Table A.1. Age: Dunn’s Test Results

Comparison Z P-Unadj. P-Adj.

1 BP - EN 8.460 0 0

2 BP - EP 26.403 0 0

3 EN - EP 16.846 0 0

Table A.2. Education Level (Self-reported)

Education Level Brazilian Portuguese (BP) English (EN) European Portuguese (EP)

1 High School (or equivalent) 15 13 7

2 Bachelor’s Degree (or equivalent) 73 45 64

3 Master’s Degree (or equivalent) 20 30 19

4 Ph.D. (or equivalent) 14 11 18

Total 122 99 108
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Table A.3. Place of L2 English Learning (Self-reported)

Place Brazilian Portuguese (BP) European Portuguese (EP)

Home 22 18

Language School 42 3

School 45 85

University 1 0

Online 6 0

Other 6 2

Total 122 108

Table A.4. L2 Pro�ciency (Self-reported)

CEFR Level Brazilian Portuguese (BP) European Portuguese (EP)

A1-A2 (Beginner) 7 0

B1 (Lower-Intermediate) 13 7

B2 (Upper-Intermediate) 24 27

C1-C2 (Advanced) 90 81

Total 122 108

Table A.5. Average English Pro�ciency Across the Four Skills (Self-reported)

Skills Brazilian Portuguese (BP) European Portuguese (EP)

Reading 4.66 4.61

Writing 3.81 4.12

Listening 4.27 4.45

Speaking 3.69 4.14
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Table A.6. ENtenten18 Sub-Corpora by Domain

Domain Tokens Percentage (%)

Australia (.au) 699,931,081 2.71

Canada (.ca) 514,362,319 1.992

EU (.eu) 79,375,718 0.307

Indian (.in) 5,489,170 0.021

Irish (.ie) 76,969,678 0.298

New Zealand (.nz) 138,028,382 0.534

UK (.uk) 1,731,454,108 6.704

US (.us) 240,119,290 0.93

A.2 Items

Stimuli

Table A.7. Tukey Results for logDice scores

Contrast Estimate Low High P-Adj.

CC−BL -0.731 -1.678 0.216 0.188

IC−BL -0.012 -0.959 0.935 1.000

FC−BL 0.743 -0.204 1.690 0.176

IC−CC 0.719 -0.441 1.879 0.370

FC−CC 1.474 0.314 2.634 0.007***

FC−IC 0.755 -0.405 1.915 0.328

89



Processing Collocations in the L2

Table A.8. Free Combinations

Tag Item Length Syllables Frequency logDice MI

fc1 buy tickets 10 3 65,311 9.300 7.640

fc2 sell books 9 2 24,958 7.370 3.630

fc3 burn coal 8 2 8,334 8.960 8.070

fc4 pay taxes 8 3 94,237 10.360 6.060

fc5 sing songs 9 2 66,963 11.500 8.960

fc6 wash dishes 10 3 7,441 9.690 7.890

fc7 build houses 11 3 72,980 9.100 5.220

fc8 cross rivers 11 3 11,389 9.390 6.970

fc9 eat �sh 7 2 20,725 8.460 6.250

fc10 feel pain 8 2 21,536 8.990 4.090

fc11 lock doors 9 2 17,657 9.720 7.440

fc12 drink beer 9 2 10,631 10.040 8.070

fc13 break windows 12 3 9,753 8.140 3.850

fc14 hear sounds 10 2 21,598 9.160 5.310

fc15 teach kids 9 2 26,187 8.480 5.780
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Table A.9. Congruent Collocations

Tag Item Length Syllables Frequency logDice MI

cc1 waste time 9 2 63,654 8.540 5.990

cc2 lose weight 10 2 74,300 10.170 6.730

cc3 take power 9 2 19,929 5.560 0.520

cc4 bring peace 10 2 20,605 7.550 4.850

cc5 earn trust 9 2 5,380 7.590 5.910

cc6 keep promises 12 4 16,360 7.490 4.990

cc7 raise doubts 11 2 6,802 6.620 5

cc8 catch �re 9 2 29,614 9.260 6.740

cc9 hide secrets 11 3 2,892 7.860 6.230

cc10 mask smells 10 2 2,310 6.570 6.580

cc11 cut costs 8 2 29,210 8.840 4.960

cc12 lift bans 8 2 9,939 9.910 8.880

cc13 show love 8 2 17,175 7.300 2.880

cc14 freeze accounts 14 3 1,846 6.640 4.460

cc15 read minds 9 2 12,877 6.650 2.710

91



Processing Collocations in the L2

Table A.10. Incongruent Collocations

Tag Item Length Syllables Frequency logDice MI

eo1 enter contests 13 3 7,870 7.440 6.210

eo2 push boundaries 14 3 21,371 10.130 8

eo3 drive growth 11 2 38,996 8.660 5.670

eo4 walk dogs 9 2 12,059 8.960 4.700

eo5 foot bills 9 2 7,659 8.850 10.750

eo6 hold meetings 12 3 174,292 10.330 6.870

eo7 crack jokes 11 2 3,225 9.530 8.820

eo8 meet goals 9 2 57,372 9.020 5.340

eo9 shift blame 10 2 2,354 8.130 6.560

eo10 kick habits 9 3 2,505 8.350 6.520

eo11 drop hints 9 2 2,161 7.520 5.950

eo12 chase dreams 11 2 5,327 8.110 7.750

eo13 �y �ags 8 2 8,197 8.620 7.080

eo14 �ght poverty 12 4 5,538 7.590 6.100

eo15 bend rules 9 2 2,541 6.100 4.830
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Table A.11. Baseline Items

Tag Item Length Syllables Frequency

bl1 bend coal 8 2 2

bl2 break jokes 10 2 7

bl3 bring boundaries 15 3 9

bl4 build secrets 12 2 21

bl5 burn smells 10 2 19

bl6 buy blame 8 2 7

bl7 catch bills 10 2 4

bl8 chase houses 11 3 8

bl9 crack promises 13 4 0

bl10 cross costs 10 2 28

bl11 cut �re 7 2 85

bl12 drink books 10 2 34

bl13 drive doors 10 2 30

bl14 drop growth 10 2 35

bl15 earn dishes 10 3 0

bl16 eat trust 8 2 8

bl17 enter �ags 10 3 2

bl18 feel tickets 11 3 3

bl19 �ght accounts 13 3 4

bl20 �y kids 7 2 47
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Table A.12. Baseline Items (contd.)

Tag Item Length Syllables Frequency

bl21 foot minds 9 2 0

bl22 freeze power 11 3 30

bl23 hear habits 9 3 2

bl24 hide songs 9 2 9

bl25 hold poverty 11 4 14

bl26 keep sounds 10 2 43

bl27 kick love 8 2 15

bl28 lift �sh 8 2 49

bl29 lock rules 9 2 36

bl30 lose goals 9 2 53

bl31 mask time 8 2 45

bl32 meet peace 9 2 42

bl33 pay dreams 9 2 2

bl34 push contests 12 3 7

bl35 raise bans 9 2 1

bl36 read dogs 8 2 71

bl37 sell weight 10 2 39

bl38 shift hints 10 2 7

bl39 show beer 8 2 54

bl40 sing rivers 10 3 5

bl41 take doubts 10 2 12

bl42 teach meetings 13 3 8

bl43 walk windows 11 3 5

bl44 wash taxes 9 3 0

bl45 waste pain 9 2 19
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A.3 Ethics

A.3.1 Approval

Figure A.1. CUREC Approval (received via email)
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A.3.2 Recruitment Material

Figure A.2. Recruitment Poster for Brazilian Participants

Figure A.3. Recruitment Poster for Portuguese Participants
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Figure A.4. Recruitment Poster for UK Participants

Figure A.5. Recruitment Poster for Other L1 English Participants

A.3.3 Participant Recruitment Emails

Email 1

Dear XXX,

To whom it may concern,

I am a student at the Department of Education at the University of Oxford, pursuing an MSc in Applied Lin-

guistics and Second Language Acquisition. For my dissertation, I am conducting a psycholinguistic study on

how L2 learners of English process collocations with a focus on L1 Portuguese speakers. Therefore, I am writ-

ing to ask you if it would be possible to undertake data collection in your classroom/department, as your stu-
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dents �t the criteria of my study. The study has been approved by the Education Department Research Ethics

Committee (Reference No. ED-CIA-21-126). The data collection will take place online via Gorilla and the

tasks will take approximately 20 minutes to �nish. Participation is voluntary and the research data will be

anonymous and con�dential. Upon publication, a plain language summary of the results will be made avail-

able to those who are interested. Anyone that agrees to participate and completes all the tasks will be eligi-

ble to enter their email address into a lucky draw to win 6 gift cards of XXX amount. I would be glad to

talk to your students about my research after the data has been collected. If you have any further questions,

please do not hesitate to contact me (sydelle.desouza@stcatz.ox.ac.uk) or my supervisor, Dr Hamish Chalmers

(hamish.chalmers@education.ox.ac.uk). We would be glad to hear from you. Thank you for your time. I look

forward to hearing from you.

Regards,

Sydelle de Souza

Email 2

To whom it may concern,

I am reading for an MSc in Applied Linguistics and Second Language Acquisition at the Department of Edu-

cation, University of Oxford and for my dissertation I am studying how L1 Portuguese speakers process word

combinations in L2 English. Psycholinguistic data is sparse in the collocational acquisition literature and my

study aims to contribute to �lling this gap. Given the pandemic, I’m doing an online experiment. This means

that I need more participants than would usually su�ce. So, I was wondering if you could help me reach out to

potential participants through your mailing list or by other means such as your Instagram or FB page.

Below, you will �nd a visual and the details of my study along with the link to access it. I would be very grateful

if you could help me out. Additionally, I am the Academic O�cer at St Catherine’s College, so if researchers at

your department need participants for their studies, or if you’d like to advertise your department’s events, I can

do the same with the mailing lists to which I have access. Thank you so much for your time.

Regards,

Sydelle de Souza
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A.3.4 Participant Information Sheet

Processing Collocations in the L2: Congruency & Semantic Transparency

CUREC Approval Reference: ED-CIA-21-126

General Information

The aim of this study is to contribute to the understanding of how people process word combinations. We

appreciate your interest in participating in this online task. You have been invited to participate as you are above

the age of 18 and a native English or Portuguese speaker. Please read through this information before agreeing to

participate (if you wish to) by ticking the ‘yes’ box below. You may ask any questions before deciding to take part

by contacting the researcher (details below). The Principal Researcher is Sydelle de Souza, who is attached to the

Department of Education at the University of Oxford. This project is being completed under the supervision

of Dr Hamish Chalmers.

You will be asked to �ll out a survey about your linguistic background, dexterity, and vision, after which you

will be asked to perform a simple word recognition task. In this task you will be shown a combination of words

in English (for example, FRY ONIONS). You will then be asked to say whether this combination of words is

‘allowed’ or not in English. The whole process should take about 15 minutes. No background knowledge is

required. There will be instructions to guide you throughout this process.

Your responses will help us to understand how word combinations are recognized and processed visually by

language users. Only the research team will be able to see your answers. However, if necessary and in line

with University policy, the data may be made available to responsible members of the University of Oxford

with oversight for data management or as representatives of the university in its capacity as data controller. On

completion and publication of the study we will make fully anonymized data available to other researchers on

request, assuming we believe such requests to be reasonable. Data will be de-identi�ed before it is shared with

other researchers or results are made public.

Do I have to take part?

No. Please note that participation is voluntary. If you do decide to take part, you may withdraw at any point

for any reason before submitting your answers by closing the browser. However, only the participants who

complete all three activities will be eligible to enter the lucky draw.
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Will I be compensated for my time?

Unfortunately, we are not able to pay all participants, but we do have a lucky draw set up for 6 vouchers of EUR

25 each. If you wish to participate, you can leave your email at the end of the experiment and if you win, you

will be contacted directly via that email address.

How will my data be used?

We will not collect any data that could directly identify you, as routine. For example, we will not ask you for

your name, and we will not collect your IP address . However, if you choose to enter the lucky draw, we will ask

you for your email address. We will not share your email address with anyone. All email addresses will be deleted

as soon as the lucky draw is completed, and the winners have been contacted. Your responses on the tests will

be labelled by a code number and not by your name. They will be stored in a password-protected electronic

�le. When we write up the study we will not include your name or any information that could identify you.

Research data will be stored for three years after publication or public release. This project will be written up

for an M.Sc. degree in Applied Linguistics and Second Language Acquisition.

Who will have access to my data?

Your data will be collected through Gorilla™, please see their privacy notice here Gorilla Due Diligence. After

data collection is complete, the data will be downloaded to the researcher’s computer.

Who has reviewed this study?

This project has been reviewed by, and received ethics clearance through, the University of Oxford Central

University Research Ethics Committee ED-CIA-21-126.

Who do I contact if I have a concern or complaint?

If you have a concern about any aspect of this study, please contact Sydelle de Souza (sydelle.desouza@stcatz.ox.ac.uk)

or their supervisor, Dr Hamish Chalmers (hamish.chalmers@education.ox.ac.uk), and we will do our best to

answer your query. We will acknowledge your concern within 10 working days and give you an indication of

how it will be dealt with.

If you remain unhappy or wish to make a formal complaint, please contact the Chair of the Research Ethics

Committee at the University of Oxford who will seek to resolve the matter as soon as possible:

Social Sciences & Humanities Interdivisional Research Ethics Committee

Email: ethics@socsci.ox.ac.uk

Address: Research Services, University of Oxford, Wellington Square, Oxford OX1 2JD

OR
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Education Departmental Research Ethics Committee (DREC)

Email: student.curec@education.ox.ac.uk

Address: Department of Education, University of Oxford, 15 Norham Gardens, Oxford, OX2 6PY

Please note that you may only participate in this survey if you are 18 years of age or over.

� I certify that I am 18 years or over

If you have read the information above and agree to participate with the understanding that the data

(including any personal data) you submit will be processed accordingly, please check the relevant box

below to get started.

� Yes, I agree to take part

A.3.5 Sociodemographics Questionnaire

Please answer the following questions about yourself.

Age: ________

Gender: � Female � Male � Non-binary � Other (please specify)

Handedness: � Left � Right � Ambidextrous (both)

Do you have any visual impairments, aside from wearing contacts and/or glasses?

� Yes � No

Have you ever been diagnosed with dyslexia or any other language pathologies?

� Yes � No � Unsure

What is your highest level of education? If you are a student, please select your current level of study.

� High School (or equivalent) � Bachelor’s Degree (or equivalent) � Master’s Degree (or equivalent) � Ph.D.

(or equivalent) � Other (please specify)

What is your �rst (native) language?

� English � Portuguese (European) � Portuguese (Brazil) � Portuguese (Other) � Other (please specify)

A.3.6 L2 Background Questionnaire

Please answer the following questions about your English learning abilities and background.
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Age when you started learning English: ____

Where did you start learning English?

� Home � School � University � Online (e.g. Duolingo) � Language School � Other (please specify)

Which variety of English did/do you learn?

� American English � British English � Both � Don’t know � Other (please specify)

On a scale of 1 (beginner) to 5 (pro�cient), how would you rate your English pro�ciency in the follow-

ing areas:

Reading: 1� 2� 3� 4� 5�

Listening: 1� 2� 3� 4� 5�

Writing: 1� 2� 3� 4� 5�

Speaking: 1� 2� 3� 4� 5�

What is your CEFR level in English?

� A1-A2 (Beginner) � B1 (Intermediate) � B2 (Intermediate) � C1(Pro�cient) � C2 (Pro�cient)

Did/Do you study at a school, college or university where English is/was the medium of instruction?

� Yes � No

Have you lived (or do you live) or spent an extended period of time (more than 3 months)) in a majority

English-speaking country?

� Yes � No

If yes, for how long?

� Less than 6 months � 6 months to 1 year � More than 1 year � 1 to 3 years � More than 3 years

Have you ever learned English in a study abroad context?

� Yes � No

Excluding English and your �rst language, please list the other languages in which you are �uent

enough to read a children’s story. If you do not speak any other languages, then please type "none" to

continue.

________________
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A.3.7 Debrief Form

Did you experience any distractions while completing the tasks? � Yes � No

Did you experience any internet connectivity issues during the tasks? � Yes � No

Were there times when the task was slow or did not respond when you clicked or pressed a button?

� Yes � No

Would you like to leave a comment about your experience? ________________________

Thank You For Your Participation!

We greatly appreciate your interest and participation in our research project.

If you have a concern about any aspect of this study, please contact the principal researcher, Sydelle de Souza

(sydelle.desouza@stcatz.ox.ac.uk), or Dr Hamish Chalmers (hamish.chalmers@education.ox.ac.uk), and we will

do our best to answer your query. We will acknowledge your concern within 10 working days and give you an

indication of how it will be dealt with.

If you remain unhappy or wish to make a formal complaint, please contact the Chair of the Research Ethics

Committee at the University of Oxford who will seek to resolve the matter as soon as possible:

Social Sciences & Humanities Interdivisional Research Ethics Committee

Email: ethics@socsci.ox.ac.uk;

Address: Research Services, University of Oxford, Wellington Square, Oxford OX1 2JD

OR

Education Departmental Research Ethics Committee (DREC)

Email: student.curec@education.ox.ac.uk;

Address: Department of Education, University of Oxford, 15 Norham Gardens, Oxford, OX2 6P

If you would like to receive a plain language summary of the results of this study, please leave your email below:

________________________________________________

LUCKY DRAW

If you would like a chance to win gift vouchers worth €25, please leave your email below:

________________________________________________
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A.3.8 Task Instructions

Figure A.6. Semantic Acceptability Judgement Task Instructions (Screenshot)

Figure A.7. LexTALE Instructions (Screenshot)
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Results

B.1 Global Results

Table B.1. Descriptive Statistics: RT by L1 Group

L1 Mean SD Median IQR Min Max

1 BP 1328.09 589.03 1151.51 661 487 3999.5

2 EN 1187.34 561.82 1015.44 591.48 459.51 3996.59

3 EP 1328.66 607.80 1143.5 678.14 483.51 3997.32

Table B.2. Descriptive Statistics: ER by L1 Group

L1 Mean SD Median IQR Min Max

1 BP 0.83 0.37 1.00 0.00 0 1

2 EN 0.86 0.35 1.00 0.00 0 1

3 EP 0.83 0.38 1.00 0.00 0 1
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Table B.3. Descriptive Statistics: RT by L1 Group and Condition

Condition L1 Mean SD Median IQR Min Max

Baseline Items

BP 1514.94 622.12 1335.28 751.60 487 3999.5

EN 1274.39 570.77 1104 624.40 459.51 3996.59

EP 1475.81 634.85 1285.37 767.85 504.39 3997.32

Incongruent

Collocations

BP 1297.12 543.2 1136.65 599.87 570.70 3989.88

EN 1142.2 563.98 952.33 553.52 462.93 3938.45

EP 1329.24 589.78 1146.03 674.00 483.51 3963.05

Congruent

Collocations

BP 1133.65 485.76 986.40 441.59 540 3914.30

EN 1120.99 549.99 936.89 559.57 471.51 3924.97

EP 1160.77 522.76 999.1 504.77 500.85 3947.66

Free

Combinations

BP 997.3 372.35 896.68 307.92 528.89 3739

EN 1041.05 496.74 884.85 462.85 466.30 3929.07

EP 1058.28 471.05 912 401.31 534.91 3875
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Table B.4. Descriptive Statistics: ER by L1 Group and Condition

Condition L1 Mean SD Median IQR Min Max

Baseline Items

BP 0.77 0.42 1.00 0.00 0 1

EN 0.80 0.40 1.00 0.00 0 1

EP 0.79 0.41 1.00 0.00 0 1

Incongruent

Collocations

BP 0.77 0.42 1.00 0.00 0 1

EN 0.87 0.34 1.00 0.00 0 1

EP 0.74 0.44 1.00 1.00 0 1

Congruent

Collocations

BP 0.93 0.26 1.00 0.00 0 1

EN 0.91 0.28 1.00 0.00 0 1

EP 0.89 0.31 1.00 0.00 0 1

Free

Combinations

BP 0.99 0.12 1.00 0.00 0 1

EN 0.95 0.21 1.00 0.00 0 1

EP 0.96 0.19 1.00 0.00 0 1
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Figure B.1. Mean Error Rate by Item (Incongruent Collocations)

Figure B.2. Mean Error Rate by Item (Congruent Collocations)
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Figure B.3. Mean Error Rate by Item (Free Combinations)
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B.2 GLMM Model Outputs

Table B.5. GLMM Outputs: RT Model, logRT Model, ER Model

Dependent variable:

RT logRT ER

(1) (2) (3)

BP 210.237∗∗∗ (27.326) 0.177∗∗∗ (0.017) −0.434∗∗ (0.189)

EP 191.684∗∗∗ (28.047) 0.158∗∗∗ (0.017) −0.274 (0.194)

IC −145.099∗∗∗ (29.751) −0.134∗∗∗ (0.022) 1.110∗∗∗ (0.431)

CC −165.678∗∗∗ (28.545) −0.149∗∗∗ (0.021) 1.508∗∗∗ (0.426)

FC −237.500∗∗∗ (29.025) −0.206∗∗∗ (0.021) 1.905∗∗∗ (0.427)

Distractions (Yes) 91.245∗∗∗ (18.819) 0.069∗∗∗ (0.014) −0.543∗∗∗ (0.140)

Collocation Length 28.702∗∗∗ (7.726) 0.026∗∗∗ (0.006) 0.002 (0.136)

Age 58.699∗∗∗ (7.586) 0.055∗∗∗ (0.006) −0.056 (0.058)

BP:IC −86.374∗∗∗ (29.624) −0.038∗ (0.021) −0.821∗∗∗ (0.272)

EP:IC −47.608 (30.528) −0.005 (0.021) −1.235∗∗∗ (0.279)

BP:CC −197.592∗∗∗ (27.149) −0.141∗∗∗ (0.019) 0.496∗ (0.265)

EP:CC −157.992∗∗∗ (27.926) −0.107∗∗∗ (0.020) −0.198 (0.266)

BP:FC −227.940∗∗∗ (27.897) −0.175∗∗∗ (0.020) 1.486∗∗∗ (0.303)

EP:FC −168.143∗∗∗ (28.723) −0.121∗∗∗ (0.020) 0.316 (0.268)

Constant 1,234.231∗∗∗ (23.020) 7.054∗∗∗ (0.015) 2.112∗∗∗ (0.237)

Observations 24,125 24,125 28,802

Log Likelihood −174,128.200 −3,920.891 −9,250.976

Akaike Inf. Crit. 348,314.300 7,899.782 18,557.950

Bayesian Inf. Crit. 348,549.000 8,134.421 18,789.460

FC: Free combinations; CC: Congruent Collocations; IC: Incongruent Collocations; BL: Baseline Items

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Standard Errors in parentheses

Factor levels: Baselines, English (EN)

110



Processing Collocations in the L2

B.3 logRT Model

The R syntax speci�ed for the logRT model:

logRT ∼l1*condition + length + distractions + age +

(1|item) + (1|participant) + (condition||participant)

Table B.6. Mixed Model ANOVA Results (logRT Model)

E�ect df Chisq P-value

1 L1 2 9.09 * .011

2 Condition 3 30.76 *** <.001

3 Distractions 1 6.21 * .013

4 Collocation Length 1 2.26 .133

5 Age 1 15.16 *** <.001

6 L1*Condition 6 57.30 *** <.001
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Figure B.4. Estimated Marginal Means of Condition by L1 (logRT Model)

Figure B.5. Estimated Marginal Means of L1 by Condition (logRT Model)
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Table B.7. Pairwise Contrasts of Condition by L1 for Log-Transformed Reaction Time

L1 Contrast Estimate (Δ) SE Z-ratio P-value

Brazilian Portuguese

FC−CC −0.09 0.02 −3.846 0.0007***

FC−IC −0.21 0.02 −8.355 <.0001***

CC−IC −0.12 0.02 −5.130 <.0001***

FC−BL −0.38 0.02 −17.253 <.0001***

CC−BL −0.29 0.02 −15.335 <.0001***

IC−BL −0.17 0.02 −8.906 <.0001***

English

FC−CC −0.06 0.03 −2.267 0.1057

FC−IC −0.07 0.03 −2.649 0.0402**

CC−IC −0.01 0.02 −0.500 0.9591

FC−BL −0.21 0.02 −8.795 <.0001***

CC−BL −0.15 0.02 −7.643 <.0001***

IC−BL −0.14 0.02 −6.910 <.0001***

European Portuguese

FC−CC −0.07 0.02 −2.910 0.0189**

FC−IC −0.19 0.03 −7.278 <.0001***

CC−IC −0.11 0.02 −4.966 <.0001***

FC−BL −0.33 0.02 −14.337 <.0001***

CC−BL −0.26 0.02 −13.240 <.0001***

IC−BL −0.14 0.02 −7.053 <.0001***

FC: Free combinations; CC: Congruent Collocations; IC: Incongruent Collocations; BL: Baseline Items

Degrees of Freedom (df) = Inf

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 4 estimates

Signi�cance codes: ‘***’ < 0.001; ‘**’ < 0.01; ‘*’ < 0.05
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Table B.8. Pairwise Contrasts of Condition by L1 for Log-Transformed Reaction Time

Condition Contrast Estimate (Δ) SE Z-ratio P-value

Baseline Items

BP−EN 0.18 0.02 10.133 <.0001***

EP−EN 0.16 0.02 8.818 <.0001***

EP−BP −0.02 0.02 −1.116 0.5044

Incongruent

Collocations

BP−EN 0.14 0.02 7.584 <.0001***

EP−EN 0.15 0.02 8.055 <.0001***

EP−BP 0.01 0.02 0.760 0.7276

Congruent

Collocations

BP−EN 0.04 0.02 2.087 0.0925

EP−EN 0.05 0.02 2.828 0.0130**

EP−BP 0.01 0.02 0.860 0.6655

Free

Combinations

BP−EN 0.00 0.02 0.103 0.9942

EP−EN 0.04 0.02 1.725 0.1959

EP−BP 0.03 0.02 1.732 0.1933

BP = Brazilian Portuguese; EP = European Portuguese; EN = English

Degrees of Freedom (df) = Inf

Results are averaged over the levels of: Distractions

P-value adjustment: Tukey method for comparing a family of 3 estimates

Signi�cance codes: ‘***’ < 0.001; ‘**’ < 0.01; ‘*’ < 0.05
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