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A B S T R A C T   

Previous studies investigating the effects of spacing on vocabulary learning have primarily 
focused on single words. There is limited research on how distributed practice affects the learning 
of the phrasal lexicon. The present study addresses this gap by focusing on collocations. In a 
pretest-treatment-delayed-posttest design, two controlled quasi-experiments (N = 55 and N = 50) 
were conducted in order to evaluate two spacing schedules, spaced versus massed. The partici-
pants learned 25 adjective-noun collocations either incidentally (Experiment 1) or deliberately 
(Experiment 2). In each experiment, a control group was included. Participants’ collocational 
gains were measured at a form-recall level of mastery three weeks after the treatment. Mixed- 
effects regression modelling results indicate that spacing had a significantly large effect on vo-
cabulary gains in the deliberate learning condition and a small effect on gains in the incidental 
learning condition. Massing, on the other hand, appears to be more effective (with a medium 
effect) in incidental learning situations. Implications for pedagogy and materials design are fol-
lowed by suggestions for future research.   

1. Introduction 

The effect of spaced practice has long been the focus of research in the field of cognitive psychology (e.g., Cepeda et al., 2006; 
Karpicke & Bauernschmidt, 2011; Logan & Balota, 2008). This enormous body of the literature has shown robust advantages of 
distributed over massed practice, which means that there will be more retention when the material to be learned is repeated on several 
separate occasions rather than when all the repetitions are presented in a single session (Cepeda et al., 2006). Spacing effects have also 
been found in various domains of second language learning (e.g., Bird, 2010; Li & DeKeyser, 2019; Rogers, 2015, 2017; Serrano & 
Muñoz, 2007; Suzuki, 2017) including vocabulary learning (e.g., Koval, 2019; Nakata, 2015; Nakata & Elgort, 2020; Nakata & Suzuki, 
2019; Nakata & Webb, 2016; Rogers & Cheung, 2018). However, these studies have mainly examined the acquisition of single words. 
The effect of spacing on larger units of meaning, such as collocations, has been far less researched (Farvardin, 2019; Snoder, 2017). 
Given the importance of collocations for receptive and productive fluency and given the challenge they pose for second language 
learners (Boers, 2020), it is surprising how few L2 vocabulary studies have explored whether the spacing effect also holds for these and 
other multiword items. Thus, in order to shed light on this issue, the present study has two objectives, a) to explore how different 
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encounters with the same collocation should be spaced in order to maximise learning and b) to establish how far apart repetitions have 
to be in contexts where the focus of the activity is either on meaning or form. Addressing these aims would allow us to evaluate the 
potential of different spacing techniques for teaching and learning L2 collocations at the productive level of mastery. 

2. Literature review 

2.1. Effects of spacing on single words 

Recently, there has been an increased interest in the effects of spacing on both intentional and incidental learning of vocabulary,1 

primarily single words (Elgort & Warren, 2014; Koval, 2019; Nakata, 2015; Nakata & Elgort, 2020; Nakata & Suzuki, 2019; Rogers & 
Cheung, 2018). For example, Nakata and Suzuki (2019) explored the effect of spacing on the intentional learning of semantically 
related (vs unrelated) word pairs. Target words were presented four times to EFL Japanese students, either “massed” (where a target 
word occurs several times in a short span of text) or “spaced” (where the occurrences a target word are widely scattered throughout in a 
text). Posttests (translation from L1 into L2) revealed that spacing had a positive effect for both types of word pairs. Similar findings 
have been reported in other spacing studies that investigated deliberate vocabulary learning (e.g., Karpicke & Bauernschmidt, 2011; 
Koval, 2019; Nakata, 2015). 

Several theoretical interpretations have been proposed to account for the facilitative role of spaced practice in incidental learning. 
According to study-phase retrieval/reminding accounts (Toppino & Bloom, 2002), each spaced encounter with the target word elicits 
retrieval, which strengthens a memory trace formed by the previous encounter. But in massed exposure, the preceding memory trace is 
still active, which means that it cannot be retrieved, hence there are fewer retrieval opportunities and less learning. Encoding vari-
ability accounts (Benjamin & Tullis, 2010) hold that when a learner repeatedly encounters an item, and does so in different contexts, 
these contextual differences result in a greater number of retrieval routes, which facilitates long-term retention. Massed encounters, on 
the other hand, do not offer as much contextual variation and therefore, generate fewer retrieval cues. 

In contrast to research on intentional vocabulary learning, research examining different spacing schedules in incidental learning 
contexts has yielded mixed findings. In a study by Serrano and Huang (2018), Taiwanese EFL students read and listened to a text 
seeded with target words, doing so either once every week for five consecutive weeks (spaced condition) or once every day for five 
consecutive days (massed condition). It was found that spacing was better than massing, however there was no statistically significant 
difference between the two conditions as measured by a delayed bilingual matching posttest. Different results were reported by Elgort 
and Warren (2014) and Rodgers and Webb (2019). Elgort and Warren measured knowledge through meaning generation and lexical 
decision tasks, whereas Rodgers and Webb assessed learning gains via form-meaning recognition tests. In contrast to Serrano and 
Huang, the studies found significantly higher learning gains when students encountered target words within the same chapter/episode 
(massed condition) as opposed to encountering them across different chapters/episodes (spaced condition). The differences between 
these two studies and that of Serrano and Huang may be due to a difference in the operationalisation of massing. In other words, what 
might be considered massed distribution in one study (e.g., daily encounters with a word over five days in Serrano and Huang) may be 
interpreted as spaced exposure in another (e.g., some students in Elgort and Warren took more than one day to read a chapter). In yet 
another relevant study on incidental learning, Nakata and Elgort (2020) found that spaced exposure was more effective for the 
acquisition of explicit knowledge of vocabulary, measured with meaning-recall and meaning-form matching tests. In the massed 
condition, Japanese EFL learners read three sentences containing the target word simultaneously. In the spaced condition, each of the 
three sentences was presented individually and separated by forty-seven intervening sentences. As pointed out by the authors, one 
explanation for the statistically significant gains in the spaced condition of this study might be the increased provision of feedback this 
group received. 

Taken together, the reviewed studies suggest that spacing has a facilitative effect in the contexts of intentional learning of vo-
cabulary. However, in situations where learners acquire vocabulary incidentally, the picture seems to be less clear. One important 
point to note is that these studies were conducted on single words only. Research suggests that vocabulary is also built from multiword 
items (e.g., idioms, collocations, phrasal verbs), which are crucial for successful language use (e.g., Crossley et al., 2015; Schmitt, 
2010), but are difficult for L2 learners (e.g., Foster, 2001; Laufer & Waldman, 2011; Nesselhauf, 2003; Nguyen & Webb, 2017). 
Therefore, the questions that are worth asking are whether distributed learning practice might also facilitate the learning of multiword 
sequences, more specifically collocations, and to what extent the type of learning situation makes a difference. 

2.2. Collocations 

With increased research on L2 vocabulary acquisition during the last three decades, researchers have become particularly inter-
ested in the nature and learning of collocations, especially those that do not have a direct equivalent in L1, referred to as incongruent 
collocations (Nguyen & Webb, 2017; Wolter & Gyllstad, 2011; Yamashita & Jiang, 2010). Collocations are defined in this study, 
following the frequency-based approach (e.g., Sinclair, 1991), as combinations of two words that frequently co-occur together, 
regardless of their degree of semantic transparency. One of the limitations of this approach is that using measures of probabilistic 
strength of association as the only criterion leads to the classification of idioms as collocations (e.g., Macis & Schmitt, 2017; Nguyen & 
Webb, 2017; Webb et al., 2013). However, this approach is ecologically valid because learners are likely to encounter collocations of 
varying degrees of transparency in the input. 

Research has shown that success in collocational learning depends on a number of factors such as frequency of encounters, previous 
vocabulary knowledge, congruency, transparency, and degree of attention (for an exhaustive overview, see Boers, 2020). Of these 
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factors, frequency in particular, plays an important role in situations of both incidental and intentional learning (Macis, 2018; Pel-
licer-Sánchez, 2017; Peters, 2014; Szudarski & Carter, 2016; Webb et al., 2013). Several important conclusions have been drawn from 
such studies. The first is that both conditions are conducive to learning, however, when there is a deliberate focus on unfamiliar 
collocations, retention rates can be substantially enhanced. Further, at least five encounters might be necessary for learning collo-
cations in both learning contexts. Finally, through repeatedly encountering items in input, L2 learners can acquire both the meaning 
and form of new collocations. 

However, while important, frequency is not the only variable affecting the learning process; and for the input to become intake, 
learners also need to notice unfamiliar vocabulary (Schmidt, 2001). The more learners pay attention to morphological, orthographic, 
prosodic, semantic and/or pragmatic features of an unknown item, the more likely it is that the new lexical aspects will be retained (e. 
g., Laufer, 2006; Schmidt, 2010). Deliberate learning situations, to some extent, create conditions for noticing (for example, through 
typographic enhancement); however; there are usually fewer opportunities for noticing during content-based activities. In fact, 
noticing is particularly important in the latter contexts for two reasons. Many collocations are composed of delexicalised verbs (e.g., 
make a mistake) or highly familiar words (e.g., tall building), and because of familiarity with the component words, learners are less 
likely to notice their partnerships with surrounding words in the input (Godfroid et al., 2013; Laufer, 2011; Pellicer-Sánchez, 2020; 
Wray, 2002). Moreover, when compared to single words, collocations occur much less frequently on an individual basis (Boers et al., 
2014). This suggests that the exposure that second language learners receive can be rather limited and the time that elapses between 
two encounters may be too long for long-lasting memory traces to form (Boers, 2020; Durrant & Schmitt, 2010). Thus, it might be 
speculated that when learners encounter new collocations incidentally, these need to be closer to each other in order to be noticed and 
“picked up” successfully. In contrast, when learners acquire collocations deliberately, the intervals between the repetitions can be 
longer because explicit attention is relatively likely to be paid to each item every time it is encountered. 

2.3. Spacing and collocations 

Research on how spacing affects acquisition of collocations is extremely limited. Snoder (2017) investigated the effectiveness of 
spaced practice (among other constructs) for the learning of verb-noun collocations. Spacing was operationalised as an expanding 
learning schedule, where the three treatment sessions were conducted at gradually increasing intervals: Day 1, Day 7, and Day 16. In 
the intensive learning schedule, the three treatments were close in time to each other as much as logistically possible (i.e., Day 1, Day 2, 
and Day 4). Fifty-nine L2 Swedish learners of English performed a series of tasks (both form- and meaning-focused) and their 
knowledge was assessed using a form-recall (cued L1→L2 translation) test. Even though the expanding spaced group performed better 
(as indicated by the mean test scores), the potentially low sample size, as noted by Snoder, might have led to statistically insignificant 
differences between the two groups. In a similar study, Farvardin (2019) assessed the effect that uniform spaced retrieval (USR), 
expanded spaced retrieval (ESR) and massed retrieval (MR) had on the intentional learning of lexical collocations (e.g., piece of advice) 
by sixty-two Iranian learners of English. The USR group received the treatment spread across four sessions in a 2-2-2 interval, the ESR 
group had the same number of sessions but in a 1-2-3 interval, and the MR group was taught the target collocations all within one 
session. Unlike Snoder (2017), results of recognition (multiple-choice) and recall (translation from L1 into L2) posttests showed that 
ESR and USR groups did significantly better than the MR group. 

The above review provides initial, however very limited evidence, that spaced encounters lead to greater gains in L2 collocational 
knowledge under deliberate learning conditions. The findings from incidental learning contexts are less clear. Therefore, further 
research is needed to find out how different encounters with collocations should be spaced under different learning conditions in order 
to enhance long-term retention of form-meaning mappings. The present study aims to fill this gap by addressing the following research 
questions:  

1 Which experimental condition (spaced or massed), if any, leads to long-term gains in collocation knowledge at the form-recall level 
under incidental (Experiment 1) and deliberate (Experiment 2) learning conditions?  

2 Which condition is the most effective in developing long-term collocation knowledge at the form-recall level under incidental 
(Experiment 1) and deliberate (Experiment 2) learning conditions? 

We hypothesised that the spacing effect may be present in the deliberate learning of collocations, but that massing may be 
necessary when collocations are acquired incidentally, as suggested by initial findings from research on single words (e.g., Rodgers & 
Webb, 2020). In fact, one might argue that collocations, especially those composed of familiar words, are less noticeable in context 
than unknown single words and might thus need massing even more than single words (e.g., Boers, 2020). 

3. Experiment one 

3.1. Method 

3.1.1. Participants 
The participants were 55 Arabic learners of English following an undergraduate degree in Translation (all females, age: 20–24 

years, M = 21.29, SD = 0.69). On average they started learning English at 11.58 of age (SD = 3.94). Participants’ average score on the 
Updated Vocabulary Levels Test (UVLT), Version A (Webb et al., 2017) at the 1K-word level was 29.31 out of 30 (SD = 1.10), indicating 
that they had a mastery of the 1000 most frequent words in English. They were also familiar with the 2K level, scoring 26.18/30 (SD =
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3.26). 
Based on logistical considerations (students’ availability), the participants were pseudo-randomly assigned to the levels of Con-

dition as follows: “Incidental Spaced (n = 18)”, “(Incidental Massed (n = 19)”, “Control (n = 18)”. We did not experimentally control 
for the differences across the groups in vocabulary knowledge, however, the total VLT score out of 150 (five levels X 30 items) was later 
included as a covariate in the mixed-effects logistic regression analysis to control for any initial differences in estimated proficiency 
among participants in the various groups (e.g., Jaeger, 2008). 

3.1.2. Items 
The initial target pool included 39 potential incongruent adjective + noun collocations. However, after piloting the form recall test 

with natives (see Measures below), some items were removed and we ended up with 25 highly frequent adjective + noun collocations. 
Davies (2008a, 2008b) BNC (British National Corpus) and COCA (Corpus of Contemporary American English) interfaces were con-
sulted to find adjectives that collocate with the most frequent 2000 nouns in English (Nation, 2012). The collocations had a COCA 
frequency of at least 5, a BNC frequency of at least 10, and a Mutual Information (MI) score of 3+ in both corpora (Webb & Nguyen, 
2017). 

Incongruency was controlled for, as it has been shown to affect collocation learning (Peters, 2016). To operationalise incongruency, 
three proficient Arabic speakers of English translated the individual constituent words from English to Arabic. Then, the second and 
third authors (both proficient Arabic-English speakers) translated the target collocations from English to Arabic to render a natural 
collocation in Arabic. Only collocations whose Arabic translation included the literal translation of one constituent word but not the 
other (e.g., dead silence = pure silence in Arabic) were considered incongruent and included in study. 

We also controlled for collocation transparency as another major factor in collocation processing (see Gyllstad & Wolter, 2016). Ten 
native speakers of English were asked to rate the target 25 collocations for transparency (1 = opaque, 7 = transparent). The ratings 
were found reliable: Intraclass Correlation Coefficient (ICC) (2,k)2 = .91, 95% confidence interval (CI) [0.85, 0.96]. The mean rating 
score was 4.67 (SD = 1.41). Mean transparency ratings were included in the mixed-logit regression analysis as a covariate. 

The target collocations were then divided into five sets of five collocations each to represent the five treatment weeks under the 
spaced and massed conditions (Appendix A). The following item-related variables were included as covariates in the mixed-logit 
regression analysis: collocation frequency, frequency of individual component words, and length of single words. 

3.1.3. Design 
There were two experimental conditions which represented two spacing schedules: incidental spaced and incidental massed. In the 

incidental learning condition, the target collocations were presented in a story five times each and were unenhanced. Five repetitions 
were included because previous research has indicated that a minimum of five repetitions seems to be necessary to learn a collocation 
(Peters, 2014; Webb et al., 2013). At the end of the text, there were five comprehension questions which measured the participants’ 
comprehension of the story. These questions did not include the target items. In order to keep the total number of exposures under both 
conditions for each target collocation the same, these five repetitions were either distributed across five different sessions under the 
spaced conditions or collapsed all in one session under the massed conditions (see Table 1). 

Since the massed conditions involved exposure to a different set of items in each session, we fit a separate mixed-logit regression 
model on a subset of data (massed condition only, see Scoring and data analysis below) prior to the main analysis where Item Set was 
tested as a covariate. 

It should be noted that spacing/massing were operationalised in this way (with different number of items per session) to reflect 
spacing in an ecologically valid way. In previous research (e.g., Nakata & Suzuki, 2019), spacing and massing were operationalised as 
lexical items appearing one after another in a list (massed condition), or separated by other items in the same session (spaced con-
dition). Nakata and Suzuki’s (2019) operationalisation represents higher levels of control in an experimental setting whereby the 
number of target items to be learned in a single session is the same across conditions. We believe, however, that this does not reflect 
how spacing is usually done in language classrooms where it is common practice to revise vocabulary across learning sessions rather 
than in the same session. Since this study is intended to arrive at tangible implications for language teachers, we opted to operationalise 
spacing/massing across sessions, controlling for the number of total exposures. We do acknowledge though, that such a design might 
lead to uncontrolled differences across conditions due to differences in the number of items learned per session. This could in turn 
affect the level of engagement with the target items and the size of reported gains. 

Table 1 
Summary of the study design.  

Session Incidental spaced (stories) Incidental massed (stories) 

1 25 items x 1 5 items (Set 1) x 5 
2 25 items x 1 5 items (Set 2) x 5 
3 25 items x 1 5 items (Set 3) x 5 
4 25 items x 1 5 items (Set 4) x 5 
5 25 items x 1 5 items (Set 5) x 5 
Total 25 items x 5 25 items x 5  
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3.1.4. Materials 
The development of materials started with creating five different stories to represent the two incidental conditions. Each story was 

initially developed to include one encounter with each of the 25 target collocations (incidental spaced condition). Then, for the 
incidental massed condition, another version of the story was created to include five repetitions of five items in accordance with one of 
the five item sets (incidental massed condition). Lexical coverage was controlled for in all passages with 95% of the single words 
(excluding proper nouns) belonging to the most frequent 1000 word families in English. According to Nation (2006), 95% is the 
minimum lexical coverage percentage to allow for adequate unassisted reading comprehension. The stories were between 691 and 697 
words long. 

A set of five content-related comprehension questions was developed for each story and these were identical for both versions of 
each story. The five stories were piloted with native speakers of English in order to ensure naturalness. The final versions were then 
presented to three native speakers along with the comprehension questions. In the role of language learner, they all scored 100%. The 
average post-treatment comprehension score (across the five sessions) of the EFL learners in the study was also high (4.60 out of 5.00, 
Min = 4.00, Max = 4.80, SD = 0.25) showing excellent understanding. 

3.1.5. Measures 
For pretesting and posttesting we created two versions of a form recall test (Appendix B). The version differed only in the ordering 

of the test items. We opted for a cued form-recall test as it represents the real difficulty for non-natives learners who struggle with the 
production of collocations (e.g., Biskup, 1992). The test contained sentences with a defining context adapted from the BNC or COCA. 
Each sentence contained the noun node with the adjective removed. The cues included the number of spaces and the first one or two 
letter(s) of the target adjective. The number of letters included as a cue for each adjective was a result of several piloting rounds with 
native speakers. The target collocations were indicated in bold (When President was ready to make his speech, there was a d _ _ _ silence in 
the room.). 

The final piloting round involved ten native speakers of English who did not participate in any of the previous pilots. Two raters 
marked their responses as either correct (matching the target collocate) or incorrect (a blank or a plausible synonym) reaching 100% 
agreement. We selected the 25 collocations (out of 39) because at least eight out of the total ten natives provided the correct target 
adjective collocate (M = 95.2%, Min = 80%, Max = 100%, SD = 6.53). We consider the 80% threshold acceptable for the current gap- 
fill test as the remaining 20% mostly included low-frequency synonym collocates (e.g., “bland expression” instead of the more common 
“blank expression”). In addition, to ensure maximum comprehension of the contexts, any lexical item that was unlikely to be known by 
our participants was translated into Arabic in the margin. The reliability of the test was calculated based on pretest scores (Cronbach 
alpha = .88) and posttest scores (Cronbach alpha = .90) and was found to be acceptable. 

3.1.6. Procedure 
The whole treatment lasted for ten weeks (Appendix C). In Week 1, the Updated VLT and the pretest were administered. After a 

two-week gap, from Week 3 to Week 7, all participants in the experimental groups met with the researcher (the third author) outside 
the classroom once a week for 15 min each time. The sessions for each group took place on a different day of the week. However, a 
seven-day interval between sessions was maintained throughout the treatment period. 

During each incidental learning session, the participants were instructed to read a story for 10 min and pay attention to the content. 
When they finished reading, the sheet containing the story was collected to avoid any extra exposure to target items. The participants 
were then asked to answer comprehension questions (5 min). The delayed posttest was administered in Week 10. Participants in the 
control groups did not receive any treatment and they continued with their usual translation classes. However, they took the pretest 
and the delayed posttest and also completed a language background survey along with all other participants. 

3.1.7. Scoring and data analysis 
The gap-fill test was scored on a binary 0/1 basis by the third author. Correct answers received a score of 1 and those that were 

wrong or left blank were scored 0. As the focus was on the link between the collocates rather than productive knowledge of single 
words, an answer that was misspelled but recognisable was also scored 1 (e.g., “nitive” for “native”). To check the reliability of the 
scoring procedures, 20.0% of the test items were scored by a second rater. Inter-rater reliability score was high (ICC (1,1))3 = 0.93, CI 
[0.92, 0.94], indicating reliable scoring. 

The analysis was conducted in R version 4.0.5 (R Core Team, 2021) through a mixed-logit regression model in which the binary 
dependent variable was posttest score. The focal independent variable was Condition, with the three levels: incidental massed, 
incidental spaced, and control. Control was the reference level. Pretest scores were included as a covariate in the model to control for 
any potential differences in pre-knowledge across participants in the various conditions. Finally, several item-related variables (Word 1 
(W1) length, Word 2 (W2) length, W1 log frequency, W2 log frequency, log collocation frequency, and transparency rating), and one 
subject-related variable (Updated VLT scores as a rough measure of proficiency) were included as covariates in the model. All fre-
quencies were extracted from the BNC and were log transformed to reduce skewness. Random effect structures of the models included 
random intercepts for items and participants and random by-item slopes for Condition. 

We started with the null model (dependent measure and random variables only) and added factors incrementally in the forward 
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method. We started by adding the item-related and participant-related covariates to control for their effect. This was followed by 
pretest scores and finally the focal Condition factor first as a fixed factor and then as by-item slopes. Likelihood ratio (X2) tests were 
used at each step to check whether the inclusion of additional predictors contributed significantly (p < .05) to the model. To check 
consistency, we also conducted the analysis in the backward method with all predictors included in the initial model4 and then 
removed them stepwise to test for their significant contribution. The resulting best-fit models were identical in both directions (p <
.05). 

As indicated above, a preliminary mixed-logit regression model was fit on the results for the massed condition only to test for any 
recency effect.5 The model included Pretest scores as a covariate. Results showed that Item Set (1 through 5) did not significantly 
improve the model fit (X2(4) = 3.70, p = .45). A summary of the continuous variables is presented in Appendix D. The continuous 
variables in all models were checked for collinearity. There were no collinearity issues as all VIF (variance inflation factor) values were 
below 2. 

3.2. Results 

3.2.1. Raw gains 
Table 2 below presents the number and percentage of correct/incorrect responses in the gap-fill test in both the pre- and posttests 

and under the three conditions. In the pretest, the percentage of correct responses ranged from 28.0% to 32.4% for the three con-
ditions. In the posttest, however, results varied more. The control group did show a test-retest effect with an increase of 6.67 percentile 
points. As for the two experimental groups, their pre-post gains over the control group (i.e., after excluding the 6.67 percentile points 
for a potential test-retest effect) were as follows: the incidental massed condition with 17.96 percentile points (around four collocations 
out of 25) and then the incidental spaced condition with 6.22 percentile points (around one collocation out of 25). 

3.2.2. Mixed-logit regression analysis 
Table 3 presents the best-fit model for the significant variables predicting post-test recall scores in the gap-fill test. It shows that a 1- 

unit increase in rough proficiency (as estimated by Updated VLT scores) is associated with a 2.0% increase in the odds of a correct 
answer. The much larger odds ratio for ‘Pretest score’ indicates that target collocations known before treatment are likely to be recalled 
about 14 times more often than collocations not known before treatment. 

Furthermore, the effect of our focal variable (i.e., Condition) shows that participants in the incidental massed condition are about 
four times more likely to recall a target collocation than participants in the control group. This medium effect size corresponds 
approximately to Cohen’s d = 0.73. The incidental spaced condition led to a similar (though much smaller) effect with an increase of 
61.0% in the odds of a correct posttest response over the control condition. Finally, in order to inspect the remaining massed/spaced 
comparison, the reference level was redefined to ‘incidental massed’, showing a significant difference (β = − 0.86, SE = 0.23, z value =
− 3.77, p < .001, odds ratio = 0.42, d = 0.47); participants in the incidental spaced condition are about half as likely to correctly recall a 
collocation than participants in the incidental massed condition. Accordingly, it can be concluded that the effect of the levels of the 
incidental condition was graded (i.e., incidental massed > incidental spaced > control)). Fig. 1 graphically presents the effect of 
Condition on posttest scores after controlling for the pretest scores and other significant covariates in the model. 

4. Experiment two 

4.1. Method 

4.1.1. Participants 
The participants were 50 L1 Arabic, L2 English learners from the same Translation programme who did not take part in Experiment 

1 (all females, age: 19–26, M = 20.82, SD = 1.27). On average they started learning English at 12.02 of age (SD = 3.38). Their average 
scores on 1-K and 2-K word levels in the Updated VLT (Webb et al., 2017) were as follows: 1K (M = 29.68 out of 30, SD = 0.65) and 2K 
(M = 28.12 out of 30, SD = 2.49). 

Like in Experiment 1, the participants were pseudo-randomly divided into three groups in a between-subject design: “Deliberate 
Spaced (n = 17)”, “Deliberate Massed (n = 17)”, “Control (n = 16)”. The total VLT score was added as a covariate in the mixed-logit 
regression analysis to control for any potential differences in estimated proficiency among participants prior to treatment. 

Table 2 
Responses and percentages under all conditions in both testing sessions (Experiment 1, N = 55).  

Condition Pretest Posttest 

Correct % Incorrect % Correct % Incorrect % 

Incidental spaced a 135 30.0% 315 70.0% 193 42.9% 257 57.1% 
Incidental massed b 154 32.4% 321 67.6% 271 57.1% 204 43.0% 
Control a 126 28.0% 324 72.0% 156 34.7% 294 65.3%  

a Max score = 450 (n = 18 x k = 25). 
b Max score = 475 (n = 19 x k = 25). 
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4.1.2. Items 
This experiment used the same 25 incongruent adjective + noun collocations included in Experiment 1 divided into the same five 

item sets. 

4.1.3. Design 
The same design employed in Experiment 1 was followed in Experiment 2. There were two treatment conditions and one control 

condition. The experimental conditions involved deliberate learning of collocations embedded in concordance lines in either massed or 
spaced fashion. Each target collocation was presented five times in five different concordance lines that were based on the stories 
developed for the incidental conditions. The concordance lines were followed by two form-focused exercises that focused the par-
ticipants’ attention on the target items. 

4.1.4. Materials 
Each target collocation was presented in a concordance line with five words on each side, and each collocation was further 

encountered in two recognition exercises, one matching and one multiple choice (see Supplementary Materials). The exercises were 
decontextualised and receptive to make them different from the pre-/posttest (a contextualised recall measure). It is important to note 
that the target items were not presented as wholes in these exercises to avoid additional exposure. The scores for both deliberate 
conditions averaged across sessions were high (4.74 out of 5.00 in the matching exercise, Min = 3.60, Max = 5.00, SD = 0.39; 4.99 out 
of 5.00 in the multiple-choice exercise, Min = 4.80, Max = 5.00, SD = 0.03), showing adequate practice. 

Table 3 
Summary of the best fit mixed-logit regression model, Experiment 1 (N = 1375, log-likelihood = − 656.90).  

Fixed effects β SE z value p  Odds ratio (≈d) 

(Intercept) − 1.46 0.23 − 6.27 <.001 *** 0.23 (− 0.80) 
Updated VLT Score 0.02 0.01 3.60 <.001 *** 1.02 (0.01) 
Pretest score 2.65 0.19 13.93 <.001 *** 14.15 (1.46) 
Condition: Incidental massed 1.33 0.23 5.69 <.001 *** 3.78 (0.73) 
Condition: Incidental spaced 0.47 0.24 2.01 .04 * 1.61 (0.26) 
Random effects: Variance      
Subject (Intercept) 0.21      
Item (Intercept) 0.51      

*p < .05, ***p < .001. 

Fig. 1. Effects associated with the three levels of Condition (Experiment 1) when pretest scores are taken into account, with 95% error bars for 
the estimates. 
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4.1.5. Measures 
The same recall measure developed in Experiment 1 was employed in this experiment. The reliability of the test was high based on 

pretest scores (Cronbach alpha = .84) and posttest scores (Cronbach alpha = .86). 

4.1.6. Procedure 
The procedures of Experiment 2 followed those of Experiment 1 in all aspects (see Appendix C). The only difference is that during 

the treatment, the participants were instructed to study the underlined target collocations in concordance lines and try to commit them 
to memory (7 min). They were informed that at the end of the task they were going to do exercises based on these collocations and that 
they would not be able to revisit the concordance lines. Therefore, after the study period, the sheets comprising the concordance lines 
were collected and the participants were instructed to do a matching exercise (4 min). Then, the sheet with this exercise was collected 
and a multiple-choice question (MCQ) exercise was administered (4 min). Thus, the total duration of each treatment session was the 
same (i.e., 15 min) across both experiments. 

4.1.7. Scoring and data analysis 
The scoring procedure was identical to Experiment 1. A second rater scored 20.0% of the test items with an inter-rater ICC (1,1) 

value of 0.95, CI [0.94, 0.96], indicating reliable scoring. 
The analysis was conducted using mixed-logit regression models for binary data (posttest scores) in the same way detailed in 

Experiment 1. The fixed and random effects and slopes were the same and odds ratios were used as estimates of strength. The 
continuous item-related variables were the same as presented in Appendix D (no collinearity issues). The Updated VLT score ranged 
between 77 and 145 points (centred = − 39.38 – 28.62, SD = 17.69, Mdn = 9.62). Also, like Experiment 1, a preliminary analysis was 
conducted on a subset of data (massed condition only) to test for the potential effect of Item Set on posttest scores. Results showed that 
adding Item Set did not significantly improve the model fit (X2(4) = 7.27, p = .12).6 

4.2. Results 

4.2.1. Raw gains 
Table 4 shows that the pretest scores were low under the three conditions ranging from 27.8% to 32.0%, which suggests similar 

levels of knowledge before treatment. As for the posttest scores, the control group exhibited a test-retest effect with an increase of 7.75 
percentile points. The two experimental conditions led to higher gains than the control group; the deliberate spaced condition with 
37.90 percentile points (around nine collocations out of 25) followed by the deliberate massed with 19.54 percentile points (almost 
five collocations out of 25). 

4.2.2. Mixed-logit regression analysis 
The best-fit model is presented in Table 5 (same in both the forward and backward methods). Unlike Experiment 1, two item- 

related variables significantly predicted correct answers in the gap-fill test. The first was collocation frequency whereby a 1-unit in-
crease in corpus occurrences was associated with a 43.0% increase in the odds of a correct posttest score. The second was transparency 
with 33.0% higher odds for a correct answer as the rating increased by one point. 

The model also suggests that, similar to Experiment 1, a 1-unit increase in the Updated VLT scores is accompanied by a 2.0% 
increase in the odds of a correct posttest response. However, the effect of Pretest scores was much smaller in Experiment 2 than 
Experiment 1; items known in the pretest are over three times more likely to be recalled than collocations not known in the pretest. 

Finally, the comparison of the three conditions in the posttest showed that they were significantly different (deliberate spaced >
deliberate massed > control). Both the deliberate massed and deliberate massed conditions led to significantly higher gains than the 
control group with a large effect, but the deliberate spaced condition had a larger effect. Participants receiving this “deliberate spaced” 
treatment are 13 times more likely to recall the correct answer than those in the control group. The deliberate massed condition 
followed with around four times higher odds for a correct response than the control group. Finally, upon redefining the reference level 
to “deliberate massed”, we find a significant effect (β = 1.07, SE = 0.28, z value = 3.87, p < .001, odds ratio = 2.92, d = 0.59) that goes 
in the opposite direction of the effect reported in Experiment 1. Participants in the deliberate spaced condition are about two times 
more likely to correctly recall a collocation than participants in the deliberate massed condition. The effect of Condition on posttest 
scores is illustrated in Fig. 2. 

Table 4 
Responses and percentages under all conditions in both testing sessions (Experiment 2, N = 50).  

Condition Pretest Posttest 

Correct % Incorrect % Correct % Incorrect % 

Deliberate spaced a 135 31.8 290 68.2 329 77.4 96 22.6 
Deliberate massed a 136 32.0 289 68.0 252 59.3 173 40.7 
Control b 111 27.8 289 72.3 142 35.5 258 64.5  

a Max score = 425 (n = 17 x k = 25). 
b Max score = 400 (n = 16 x k = 25). 
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5. Discussion 

The present study investigated how different spacing schedules affected the long-term retention of collocations in incidental and 
deliberate learning conditions. 

The first research questions asked which experimental condition (spaced or massed) would lead to long-term gains in collocation 
knowledge at the form-recall level under incidental and deliberate learning conditions. The results show that, when compared to the 
control group, all conditions led to vocabulary development (as measured on a three-week delayed posttest). Participants had mean 
vocabulary gains of four collocations out of 25 in the incidental massed condition and one collocation out of 25 in the incidental spaced 
condition (Experiment 1). In Experiment 2, participants scored an average of five collocations out 25 under massed schedule and nine 
collocations out 25 when the target collocations were spaced. Results are in line with previous research indicating that collocations can 
be acquired through both intentional and incidental approaches (for an overview, see Pellicer-Sánchez, 2020). These results also 
provide support for the advantage of form-focused instruction (FFI or instruction that is characterised by inducing L2 learners to pay 
attention to linguistic form) over meaning-focused activities in promoting EFL learners’ collocational knowledge (Laufer, 2003; 
Nation, 2001; Sonbul & Schmitt, 2013). To account for this effectiveness, Laufer (2005, 2006) has related FFI to the Noticing hy-
pothesis (Schmidt, 2001) according to which attention is a prerequisite for learning. In comparison to an incidental learning situation, 

Table 5 
Summary of the best fit mixed-logit regression model, Experiment 2 (N = 1250, log-likelihood = − 662.8).  

Fixed effects: β SE z value p  Odds ratio (≈d) 

(Intercept) − 1.38 0.27 − 5.20 <.001 *** 0.25 (− 0.76) 
Log collocation frequency 0.36 0.14 2.51 .01 * 1.43 (0.01) 
Transparency rating 0.29 0.11 2.53 .01 * 1.33 (0.16) 
Updated VLT Score 0.02 0.01 3.34 <.001 *** 1.02 (0.20) 
Pretest score 1.20 0.19 6.20 <.001 *** 3.32 (0.66) 
Condition: Deliberate massed 1.51 0.31 4.79 <.001 *** 4.51 (0.83) 
Condition: Deliberate spaced 2.57 0.34 7.51 <.001 *** 13.13 (1.42) 
Random effects: Variance      
Subject (Intercept) 0.17      
Item (Intercept) 0.87      
Condition (Deliberate massed) 1.04      
(Deliberate spaced) 1.29      

*p < .05, ***p < .001. 

Fig. 2. Effects associated with the three levels of Condition (Experiment 2) when pretest scores are taken into account, with 95% error bars for 
the estimates. 
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a deliberate learning situation is one in which learners are encouraged to notice new vocabulary. In Experiment 2 of this study, the 
participants were explicitly instructed to pay attention to the target collocations and commit them to memory. It is possible that the 
deliberate nature of this learning situation created more opportunities for noticing, resulting in enhanced retention rates of colloca-
tional form knowledge. 

Regarding our incidental learning condition, results suggest that both spacing schedules led to learning, however, the gains were 
significantly higher in the massed condition. One explanation is that some memory traces can be formed from spaced encounters in the 
input, however, they are limited; and to increase chances of learning, learners might need to have massed exposure (Boers, 2020). If 
encounters with target collocations are close to each other, it could be that the massing makes unknown collocations more salient and 
increases noticing, which, in turn, could increase learning gains. Moreover, while the mean number of collocations learned in the 
incidental massed group may seem small (four collocations learned out of 25), the posttest scores were still significantly higher than 
the incidental spaced condition and the control group, which suggests that massed exposure in written input has the potential to 
enhance collocation knowledge. Investigations into incidental learning of collocations, where all the repetitions of the target items 
were embedded within one text, have also reported similar amounts of learning (e.g., 2.18 collocations learned out of 18 in Webb et al., 
2013). More importantly, if we look at the gains from a cost-benefit perspective (each session lasted only 15 min) and the level of 
knowledge we measured (productive, form-recall knowledge, that is particularly challenging for learners; see Schmitt, 2010), we 
would argue that learning collocations through massed exposure in texts is certainly worth the effort. 

The second research question asked which condition was the most effective in developing long-term collocation knowledge at the 
form-recall level under incidental and deliberate learning conditions. The results indicate that the deliberate spaced condition was the 
most beneficial in developing long-term collocation knowledge. This group scored significantly higher than the deliberate massed 
group, which seems to suggest that distributed practice is more effective in deliberate learning situations. These findings support 
previous results on the spacing effect from cognitive psychology (e.g., Cepeda et al., 2006) as well as vocabulary studies conducted on 
intentional learning of single words (e.g., Nakata & Suzuki, 2019) and collocations (Farvardin, 2019). However, our results are 
contrary to Snoder’s (2017) findings. This might be because the treatment in Snoder’s study involved three constructs (involvement 
load, spacing and intentionality), so it is not clear whether the non-significant gains were due to spacing alone or the combined effect of 
the three variables. Moreover, no control group was included to control for the test-retest effect (as various measures were used), which 
might have also contributed to the lack of the spacing effect. 

On the other hand, the results suggest that in incidental learning conditions, massing appears to be more beneficial. In fact, we 
would argue that massed exposure is especially important if we consider the relative scarcity of collocations in authentic input in 
comparison to single words (Boers & Webb, 2015) and the fact that some collocations are composed of high frequency words (as was 
the case in this study), which may also reduce the chances of the collocations being noticed (Pellicer-Sánchez, 2020). The findings of 
Experiment 1 fit with Elgort and Warren’s (2014) and Rodgers and Webb’s (2019) studies, which also indicate the advantage of massed 
exposure, when the focus is on single words. However, Elgort and Warren’s results, in particular, need to be interpreted with caution as 
there was no delayed posttest, thus no claims can be made about long-term retention. Our findings go against Serrano and Huang 
(2018), who found no statistical difference between spaced and massed practice under incidental learning conditions. When inter-
preting the discrepancy between their findings and our study, we must take into account the methodological differences. In particular, 
the posttests were administered at different times for the two experimental groups (four days vs. 28 days) in Serrano and Huang as they 
were interested in the relationship between practice (spaced or massed) and an optimal testing time. Our study adopted the same delay 
(three weeks after treatment), which, in turn, may explain the disparity in results. Also, in Serrano and Huang multiple posttests have 
been administered, so the immediate posttest could have represented an opportunity for the retrieval of learned items, thus influencing 
the gains assessed by the delayed posttest. In our study, in order to address this concern and make stronger claims about long-term 
retention (e.g., Schmitt, 2010), we only administered one delayed posttest. The results of the present study are also different from 
Nakata and Elgort (2020) who found an advantage of spaced over massed presentation for single words in contextual word learning. 
One reason, as already stated, might be the provision of feedback, which may have benefitted the spaced group. No such feedback was 
provided in our study (Experiment 1). Furthermore, unlike our study, the target words in Nakata and Elgort (2020) were clearly 
identified (presented in brackets). Their participants were instructed to infer the meanings of the target words from context, and they 
could verify their inferences by checking target word definitions after reading. Yet, this study could still be considered incidental, since 
participants were not instructed to learn the words; instead, they were instructed to read for meaning. Thus, the difference in the effect 
of spacing versus massing may not necessarily be due to the incidental versus deliberate learning mode but it may be rather related to 
the opportunities the learning mode creates for noticing vocabulary targets in the input. This would explain why Elgort and Warren 
(2014), who did not use any typographic enhancement, found an advantage for words occurring within the same chapter, over words 
in different chapters, but Nakata and Elgort (2020) did not. It would also explain why, in the present study, massing worked better for 
incidental learning (as the target collocations were not highlighted or otherwise identified in the text), but spacing was more effective 
in the deliberate condition, in which collocations were underlined and shorter concordance lines were used. To sum up, when 
considering the spacing effects, we should take into account different learning conditions under which collocations are learned as this 
study provides initial evidence that they make a difference. 

M. Macis et al.                                                                                                                                                                                                         



System 103 (2021) 102649

11

5.1. Effects of participant-related and item-related variables 

The results of both experiments show that UVLT scores significantly predicted correct answers in the form-recall test. The finding 
that vocabulary size had an effect on collocational gains is, by no means, unexpected. Research has consistently shown that learners 
with a larger vocabulary size tend to learn more new lexical items (e.g., Peters, 2014). Moreover, transparency had a significant effect, 
but only on the deliberate learning of collocations. We speculate that once the learners’ attention was explicitly directed to the target 
collocations, it was easier to learn those collocations that were more transparent (e.g., sad fact) than those that were more opaque in 
meaning (e.g., white noise). Transparency has indeed been shown to positively influence the likelihood of learning (Boers, 2020). 
Finally, the results of Experiment 2 show that corpus-derived frequency had an impact on learning outcomes. This might suggest that 
some of the target collocations may have been partially known and that highly frequent collocations might have made a greater impact 
on the deliberate than on the incidental learning conditions. 

6. Pedagogical implications and limitations 

The present study has important implications for both teachers and materials designers. Results highlight the importance of 
focusing L2 learners’ attention on the target input through deliberate activities (e.g., Hulstijn, 2003). This suggests that including 
deliberate learning as part of any vocabulary programme will yield better results than one that does not include this important strand 
(Webb & Nation, 2013). Findings also indicate that a few exposures with target collocations (our study suggests five repetitions spaced 
weekly) may be enough for durable learning to occur if these encounters are spaced effectively. So, to improve learners’ retention of 
collocations in intentional learning contexts, teachers should ensure that the target collocations are further practiced after they have 
been first introduced. This could be done both in the classroom (e.g., short quizzes) and through self-study (e.g., vocabulary learning 
apps such as Anki). 

If the aim is to enhance collocational knowledge through reading, massed exposure appears to be more effective. This can be 
achieved through text manipulation as opportunities for encountering the same collocation multiple times in authentic input within a 
short span of time are scarce (Boers & Lindstromberg, 2009). However, to ensure that the items are embedded in a natural way in a 
text, resourcefulness and native-like knowledge of the items are required. Therefore, this implication might be more suitable for 
material designers who have the time and the required resources at their disposal (Boers, 2020). 

Inevitably, this study suffers from a number of limitations. The spaced and massed conditions in our study differed in the number of 
items studied in every session (five versus 25 per session), not enabling us to make a direct comparison between the two conditions. We 
acknowledge that such a design might have affected the level of engagement with the target items and the size of reported gains. 
However, despite this built-in difference, it is worth pointing out that massed and spaced exposure had differential effects under the 
incidental and deliberate conditions. More research in this area is certainly needed. 

It should also be noted that this study only measured the form-recall knowledge of collocations, so research focusing on other levels 
of collocational mastery, such as meaning, would be of great value as it would provide a clearer picture of the benefits of spacing and 
massing across various levels of collocational mastery. Finally, our study was not designed to measure noticing directly, thus future 
research should include a consideration of this variable. Despite these limitations, our study provides initial evidence that both massed 
and distributed practice might be relevant for the learning of collocations depending whether they need to be learned incidentally or 
deliberately. 

Notes  

1 The terms deliberate and intentional are used interchangeably in this study. We adopt Hulstijn’s (2003) definition of intentional 
and incidental learning. Intentional learning is the learning that occurs when there is a deliberate intention to commit language 
features to memory, whereas incidental learning is defined as the learning that occurs when learners’ attention is focused on 
understanding massages, rather than the form.  

2 This ICC form stands for two-way random effects, absolute agreement, multiple raters’ measurements (McGraw & Wong, 1996).  
3 This ICC form stands for one-way random effects, absolute agreement, single rater/measurement (McGraw & Wong, 1996).  
4 It should be noted that the initial full model did not converge. Thus, the model was refit with the ‘bobyqa’ optimiser which led to 

successful convergence (see Winter 2019 for more details).  
5 This preliminary analysis tested for the same fixed effects, random intercepts, and slopes as the main analysis. The only fixed factor 

that was not tested in this preliminary analysis was Condition as only results from the massed condition were included. Similar to 
the main model (see Table 3), this preliminary model had Updated VLT scores and Pretest scores as main predictors. Additionally, 
the log frequency of W2 (word 2) was a significant predictor in the preliminary analysis. 

6 Similar to the main model presented in Table 5, transparency rating, log collocation frequency, and Pretest scores were all sig-
nificant predictors (but not the Updated VLT scores). 
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Appendix A. Target collocations  

No. Collocation Item 
Set 

Transparency rating (1 = opaque, 7 =
transparent) 

BNC collocation 
frequency 

BNC MI 
score 

COCA collocation 
frequency 

COCA MI 
score 

1. Soft drink 1 2.50 49 6.74 555 8.08 
2. Natural leader 1 6.10 19 3.9 94 3.79 
3. Short notice 1 5.20 253 7.15 475 6.79 
4. Native tongue 1 6.30 30 8.94 257 8.05 
5. Dead silence 1 4.10 14 4.43 180 5.31 
6. Blank 

expression 
2 4.70 12 6.68 78 7.4 

7. Poor taste 2 4.10 20 5.08 125 5.17 
8. Little chat 2 5.60 40 5.65 91 4.42 
9. General public 2 5.90 721 5.6 2653 5.55 
10. Loving home 2 5.20 11 3.93 72 3.67 
11. Final leg 3 2.50 32 5.34 98 5.01 
12. Hard line 3 2.10 66 3.65 487 3.61 
13. Great pain 3 4.40 53 3.99 214 3.18 
14. Broken 

promises 
3 6.40 16 7.13 255 8.48 

15. Painful death 3 6.40 11 4.87 75 4.85 
16. Sick joke 4 3.00 19 7.69 70 6.52 
17. Heavy smoker 4 4.30 27 10.61 56 8.81 
18. Low opinion 4 4.40 55 5.46 79 3.92 
19. Dark secret 4 4.10 26 5.21 146 4.66 
20. Strong interest 4 6.00 60 3.79 302 4.44 
21. Fine art 5 3.90 297 7.23 1313 6.61 
22. Small comfort 5 6.20 15 3.4 92 3.79 
23. Sad fact 5 4.90 52 5.41 148 4.38 
24. White noise 5 2.10 28 4.74 343 5.2 
25. Easy walk 5 6.30 19 3.7 81 3.09  
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Appendix B. Form recall test  
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. (continued). 
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. (continued).  
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Appendix C. Experiment 1 procedure  

Time Condition Tasks Duration 

Week 1 Incidental spaced 
Incidental massed 
Control group 

Updated VLT and the pretest 60 min 

Weeks 1–2 Gap 
Weeks 3–7 (five sessions with 7-day intervala) Incidental spaced 

Incidental massed 
Reading short stories (10 min) + MCQ comprehension questions (5 min) 15 min 

Control group No treatment  
Weeks 8–10 Gap 
End (Week 10)  Language background survey and the posttest 40 min 

a Participants who missed any treatment session were given an option to come the next day in order not to lose their data. 

Appendix D. Summary of continuous variables (Experiment 1)  

Variable Range (adjusted range) SD Mdn 

Log collocation frequency 2.40–6.58 (− 1.19 – 3.00 log units) 1.03 − 0.25 
Log Word 1 frequency 2.64–6.43 (− 1.96 – 1.70 log units) 1.00 0.26 
Log W2 frequency 0.61–6.21 (− 3.59–2.01 log units) 1.22 − 0.08 
W1 length 3.00–7.00 (− 1.96 – 2.04 characters) 1.15 0.04 
W2 length 3.00–10.00 (− 2.48 – 4.52 characters) 1.68 − 0.48 
Transparency rating 2.10–6.40 (− 2.57 – 1.73) 1.38 0.03 
Updated VLT score 74.00–147.00 (− 42.38 – 30.62 points) 17.69 1.62 

Note. The second column shows the range of the variables. The adjusted range after centering, is presented in parentheses. 
Standard deviations and medians refer to the predictor values in the models. All variables are centred, and their means are zero. 
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