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Background: Word-to-text integration (WTI) can be challenging for
second-language (L2) learners, although it can positively contribute to reading com-
prehension. The present study examined the role of WTI, after controlling for
decoding, vocabulary and morphosyntactic awareness, in predicting English as an
L2 reading comprehension development in 441 Dutch seventh-grade students.
Methods: At the beginning (Time 1 [T1]) and the end (Time 2 [T2]) of the school
year, students were tested on their English decoding, vocabulary, morphological and
syntactic awareness and reading comprehension with paper-and-pencil tasks and on
WTI with a self-paced reading task with reading times being compared on passages
with unknown versus known words and passages with and without anomalies.
Results: Mediation analyses showed small indirect effects of processing argument
overlap and anomalies on T2 reading comprehension, via T1 reading comprehension.
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Conclusions: WTI explained unique variance in reading comprehension at T2 via
reading comprehension at T1, suggesting that it moderately impacts initial stages of
reading comprehension in English as a second language (ESL).

Keywords: reading comprehension, second language, word reading

Highlights

What is already known about this topic

• WTI is important for reading comprehension but challenging for L2 learners.
• Lexical skills are also important for reading comprehension.

What this paper adds

• Novice L2 learners can distinguish between passages with unknown and
known words and with and without anomalies (WTI).

• These WTI skills have small effects on reading comprehension development.

Implications for theory, policy or practice

• WTI can provide unique insights into reading comprehension development of
L2 learners.

• These insights can inform our understanding of why some students with suffi-
cient lexical skills nevertheless show insufficient reading comprehension
skills.

Reading comprehension is the complex process of understanding a text. The goal of read-
ing comprehension is to form mental representations of texts (Kintsch, 1988). According to
the Reading Systems Framework (Perfetti & Stafura, 2014), one important process in
forming these mental representations is word-to-text integration (WTI): the ability to inte-
grate separate words into the meaning of the rest of the text. WTI requires readers to deal
with the challenges that texts may pose, such as reading unknown words or determining
whether a word is anomalous in a certain context. WTI has been studied in many ways:
within and across sentence boundaries, examining various relationships between words,
using different techniques and in various participant groups (Burkhardt, 2006; Ditman
et al., 2007; Hessel et al., 2021; Hessel & Schroeder, 2022; Kuperberg et al., 2011; Kutas
& Hillyard, 1980; Yang et al., 2005, 2007). These studies have in common that WTI is pro-
posed to become more effortful as the text poses more challenges on the reader: for exam-
ple, because of the presence of unknown (Hessel & Schroeder, 2022) or anomalous words
(Kutas & Hillyard, 1980). Such adaptations in WTI have been proposed to be reflected in
higher event-related potential (ERP) amplitudes and longer reading times (RTs). WTI –
and as a result reading comprehension (Lesaux et al., 2006) – may be particularly challeng-
ing for novice English as a second language (L2; ESL) learners: They could have a hard
time identifying words in the text, because of insufficient reading fluency (Melby-Lervåg
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& Lervåg, 2014). Furthermore, L2 readers often have less vocabulary knowledge than
first-language (L1) learners (Melby-Lervåg & Lervåg, 2014). This makes it more difficult
to understand texts and requires readers to infer the meaning of unknown words using the
rest of a text. Also, because of their limited vocabulary knowledge, it may be hard for
readers with low L2 vocabulary to detect anomalies when reading an L2 text (Hessel
et al., 2021). Therefore, this study examined the unique influence of WTI on the reading
comprehension development after controlling for decoding, vocabulary and
morphosyntactic awareness in novice ESL learners.

WTI Across Manipulations and Readers

Previous studies have operationalised WTI – or effortful reading – using diverse stimuli
and paradigms in L1 adults with various outcomes as a result. For example, several studies
examined WTI looking at the extent to which reading was effortful as a result of semantic
manipulations, using ERPs in adult L1 learners. The texts were multi-sentence passages
that varied in complexity because of causal coherence (Kuperberg et al., 2011) or because
of the ease with which semantic anaphors could be solved (Ditman et al., 2007). Studies
examining given over new information found that integration is easier with given compared
to new information with determiner phrases in two-sentence passages (Burkhardt, 2006).
When establishing how WTI can best be measured in novice L2 learners, it should be

taken into account that novice L2 learners often have low vocabulary (Melby-Lervåg &
Lervåg, 2014) and may particularly often have to bind words through lexical inferencing
due to argument overlap (Perfetti et al., 2008). Lexical inferencing can be described as
‘making informed guesses as to the meaning of a word, in light of all available linguistic
cues in combination with the learner’s general knowledge of the world, her awareness of
context and her relevant linguistic knowledge’ (Haastrup, 1991, p. 40). Argument overlap
has been examined in the light of the construction–integration (CI) model by
Kintsch (1988). According to the CI model, three levels of representation arise when a text
is read: the surface structure of a text, the text base and propositions, and a situation model.
The situation model includes inferences that need to be made about information that is not
explicitly mentioned in text (McNamara & Magliano, 2009). It could be hypothesised that
integrating unknown words into the situation model of the text requires readers to make an
inference about the meaning based on the context of a passage that requires effortful read-
ing, whereas a repetition of a known word requires less reading effort. In other words, the
degree of inferencing required may reflect a form of integration complexity.
Readers need not only make inferences during text comprehension; they also aim to es-

tablish links between read concepts to achieve local coherence (Graesser et al., 1997). This
could again be particularly challenging for novice L2 learners (e.g., Hessel et al., 2021).
Anomaly detection is the process in which readers need to detect discontinuities in text.
In order to comprehend language, readers constantly update their mental representations
of a text, integrating semantics of separate words into the sentence context (Hagoort, 2017;
Kutas & Hillyard, 1980). Anomalous sentences have been shown to elicit larger N400 ef-
fects in adult L1 learners (van Berkum et al., 1999), indicating integration difficulty, than
passages without anomalies.
The aforementioned studies demonstrated that complexities in the texts invoked more ef-

fortful reading, which was reflected by ERP amplitudes in L1 adult readers, compared to
one or multiple baseline conditions, but outcomes may be different for (novice) L2
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learners. In the studies, L1 and L2 readers of English read English passages ending in ei-
ther an expected or unexpected noun. Participants’ ability to predict the upcoming noun
was indexed by the amplitude of the N400, with a more negative N400 suggesting less pre-
diction of the final word. L2 readers did not show an increase, whereas L1 readers did. This
inability to anticipate on requirements of the text could be perhaps even more the case for
novice L2 learners, who are less fluent in reading and have smaller vocabularies (Melby-
Lervåg & Lervåg, 2014). Hessel et al. (2021) compared 9- to 10-year-old children who
were L1 learners of English with L2 learners of English (who spoke a variety of L1s). Par-
ticipants read English texts with consistent words (e.g., ‘the puppy is barking’) versus in-
consistent words (e.g., ‘The kitten is barking’), and their eye movements were measured.
All participants reread inconsistent texts; however, there were no differences in rereading
behaviour between L1 and L2 readers. Regardless of language status, individual differ-
ences in decoding and vocabulary were associated with variation in WTI: Better decoding
was associated with faster reading, and children with larger vocabularies showed more ef-
fortful reading (as reflected by rereading of passages). Furthermore, 13- to 17-year-old L2
learners indeed showed increased rereading of inconsistent versus consistent text. (Hessel
& Schroeder, 2022). To summarise, processing complex text requires readers to either slow
down or reread, compared to reading a baseline passage. In the present study, we examined
how novice L2 learners read unknown versus known words and anomalous versus contin-
uous words and whether they were indeed able to adapt their reading behaviour to the
needs of the text.
Not only the types of stimuli and measures used to operationalise WTI are relevant for the

outcomes: Individual differences between readers should also be taken into account.
Although the aforementioned studies controlled for some other predictors, such as decoding
accuracy (Ehri et al., 2001) and vocabulary (Hirsh & Nation, 1992), they did not control for
morphological (Carlisle, 1995) and syntactic awareness (Cain, 2007). Controlling for these
predictors is important, because according to the lexical quality hypothesis, retrieval of
words while reading text depends on the robustness with which their orthographic,
phonological and semantic features are represented in the mental lexicon (Perfetti &
Hart, 2002). In order to comprehend text, readers need sufficient vocabulary knowledge
(Hirsh & Nation, 1992). Furthermore, morphological awareness (i.e., the awareness of the
smallest meaningful units in words; Carlisle, 1995) could facilitate reading comprehension.
Using morphological cues in a word, that is, morphological inferencing, can be utilised to
uncover the meaning of an unknown word (Haastrup, 1991). The relationship between a
word and other words in text can be determined once this word has been identified and
can be integrated into a mental representation of the text (Perfetti & Stafura, 2014).
Morphological knowledge (Kieffer & Lesaux, 2012; Shahar-Yames et al., 2018) is often a
relative strength (compared to other language skills) in L2 learners. Moreover, syntactic
awareness (i.e., the ability to reflect on and manipulate grammatical structures) has been
found to contribute to reading comprehension. For example, in 8- to 10-year-old L1 learners,
syntactic awareness explains variance in reading comprehension after controlling for, among
others, vocabulary size (Cain, 2007). All of the aforementioned results are also in line with
the Reading Systems Framework (Perfetti & Stafura, 2014) in which reading comprehension
is proposed to emerge from processes on a word identification level and WTI level. In
agreement with the lexical quality hypothesis, word identification is established through
activating orthographic, phonological and semantic units. This process of word identifica-
tion interacts with WTI processes, during which a sentence representation is constructed
and, as a result, a text and situation model can be constructed.
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Measuring the Online Nature of WTI

In previous studies, larger ERPs, rereading and longer RTs were considered indicators of
attempts to integrate words into texts, and more effortful reading was observed on complex
compared to baseline passages (Hessel & Schroeder, 2022; Kuperberg et al., 2011; Kutas
& Hillyard, 1980; Yang et al., 2005). Therefore, in the present study, we examined process-
ing costs (Mulder et al., 2020) with the use of word-by-word self-paced reading (Graesser
et al., 1997). A graphical overview of the design of the task with example passages is
displayed in Figure 1. The stimuli had two text types, ‘argument overlap’ and ‘anomaly de-
tection’. Each had 12 stimuli to invoke more effortful reading, and each stimulus was
paired with a baseline, which should invoke less effortful reading. Within a pair, passages
were identical, except for the target word, which was proposed to invoke either more or
less effortful reading (in line with Bultena et al., 2015). First, the argument overlap pas-
sages required students to read known words (less effort) or read an unknown word (more
effort) and make a lexical inference about the meaning using the rest of the passage
(Haastrup, 1991). Second, during the anomaly detection passages, students read passages
either with (more effort) or without an anomaly (less effort). In line with previous studies,
we reasoned that the unknown and anomalous passages required students to read with
more effort, that is, slow down, whereas they could keep their reading pace constant while
reading passages with known words and without anomalies. In other words, readers who
were good at WTI showed a larger difference between the passages. Indeed, better WTI
abilities at the beginning of the school year, as reflected by larger processing costs for un-
known and anomalous words compared to passages with known words and continuous
passages, were found to be related to better reading comprehension skills (Mulder
et al., 2020).

The Present Study

In summary, WTI is a multidimensional process that relies on different levels of linguistic
representation and that may show variation within novice L2 learners, due to individual dif-
ferences in skills underlying WTI and reading comprehension (e.g., Hessel et al., 2021;
Hessel & Schroeder, 2022). Argument overlap and anomaly detection can be considered

Figure 1. Graphical overview of different word-to-text integration (WTI) text manipulations and their correspond-
ing baseline and manipulated sentence passage. Targets are underlined, printed in bold and in italics.
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reflections of complexity during the WTI process but have been examined only separately
without controlling for a combination of other predictors of reading comprehension.
WTI ability appears to be related to reading comprehension in novice ESL learners, as

shown by Mulder et al. (2020). The question arises what the unique contribution of such
measures of WTI is to reading comprehension development, after controlling for learners’
decoding accuracy and vocabulary, syntactic and morphological awareness. Therefore, we
measured students’ decoding accuracy, vocabulary size, morphological and syntactic
awareness and both WTI processing and WTI speed (reading fluency) just after the begin-
ning (Time 1 [T1]) and near to the end (Time 2 [T2]) of the school year. All measures were
in English. WTI processing reflected WTI specificity, by comparing RTs on complex ver-
sus baseline passages. On top of that, WTI speed, examined by observing RTs, is an indi-
cation of WTI fluency. An overview of the WTI task can be found in Figure 1. Reading
comprehension in English is one of the main goals in Dutch secondary education, and
Dutch students often enter secondary school with large individual differences in their
English skills (Thijs et al., 2011). Therefore, we focused on Dutch seventh-grade
(year when Dutch students enter secondary school) students’ ESL skills.
In this study, two questions were addressed:

1 To what extent can reading comprehension development in ESL be predicted by
decoding accuracy, vocabulary, and morphological and syntactic awareness (control
predictors)?

2 What is the unique role of WTI in reading comprehension development after inclusion
of control predictors?

As previous studies have shown that reading comprehension is dependent on decoding
accuracy, vocabulary, morphosyntactic awareness and WTI, we used these measures (at
T1) as predictors of T1 reading comprehension. Furthermore, empirical evidence supports
that the proposed predictors indeed facilitate reading comprehension. Therefore, we cre-
ated a mediation model (Hayes, 2014), with T2 reading comprehension as the dependent
variable, T1 reading comprehension as the mediator and all other T1 predictors as indepen-
dent variables. Regarding the first research question, we hypothesised that there would be
indirect effects of all measures on T2 reading comprehension, through T1 reading compre-
hension. We expected the effect of decoding (Melby-Lervåg & Lervåg, 2014) and morpho-
logical awareness (Kieffer & Lesaux, 2012) to be the strongest, as these often vary largely
between L2 readers. Our hypothesis for the second research question was that T1 WTI
measures would uniquely predict T1 reading comprehension and T2 reading comprehen-
sion after controlling for its autoregressor and the other predictors of reading comprehen-
sion. As a modest amount of variation in reading comprehension was explained by WTI in
a previous study (Mulder et al., 2020), we also expected a modest effect of WTI in the pres-
ent study.

Methods

Participants

Participants of this study were 501 Dutch seventh-grade students in their first year of sec-
ondary education, of which 441 completed all measures at T1 and T2 and were thus in-
cluded in further analyses (203 girls and 238 boys). The participants were between 11
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and 13 years old (M = 12 years and 4 months; SD = 6 months). All participants followed
ESL education in primary school. The education within primary school focuses on oral
communication skills (Thijs et al., 2011), whereas, in secondary education, this is com-
bined with language awareness elements. At study onset (November 2016; T1), students
had received 3 months of formal English education at secondary school. At T2 (April
2017), this amount of education had increased to 8 months. We informed parents of all stu-
dents included in the study, and parents could refuse their child’s participation.

Materials

Reading Comprehension

A selection of items from a nationally standardised reading comprehension test (College
voor Toetsen en Examens – Board for Assessment and Exams, 2016) was used to measure
reading comprehension as a group test. The participants were instructed to read three dif-
ferent expository texts and answer questions. The task consisted of 12 items, which were
10 multiple-choice questions with three to five options and two open-ended questions.
Reading comprehension was scored as follows: For each multiple-choice question, one an-
swer was correct. A correct answer was granted 1 point and an incorrect answer or no an-
swer 0 points. There were two questions that were not multiple choice: Item 5 and Item
10.2. After an introduction, in Question 5, students were asked: ‘In what sentence has
the writer mentioned this before?’ They had to cite the two words of the start of this sen-
tence. After an introduction, for Question 10.2, students were asked: ‘Cite (=copy from
the text) the first two and last two words from the full sentence, on which you base your
answer.’ For Questions 5 and 10.2, if students had indeed written down these two words
or if they had written down the two words and the rest of the sentence, they were granted
1 point. A maximum of 12 points could be attained for reading comprehension. Students
read the same texts at T1 and T2. Reliability of the reading comprehension measure was
α = .66, which can be considered acceptable (Kline, 1993). Reliability could not be further
improved by omitting items.

Decoding Accuracy

Decoding accuracy was individually measured using the Sight Word Efficiency subtest of
the Test of Word Reading Efficiency Second Edition (TOWRE; Torgesen et al., 2012).
Students were presented with 109 regular and irregular English words of increasing diffi-
culty (such as ‘go’ and ‘embassy’). They were instructed to read these words as quickly
and accurately as possible within 45 seconds. The decoding accuracy score was the number
of words read aloud correctly, with a maximum of 109. In our sample, reliability was
α = .88, which can be considered excellent (Kline, 1993).

Vocabulary

To measure vocabulary, 60 items of the Peabody Picture Vocabulary Test (PPVT), Fourth
Edition (Dunn & Dunn, 2007), were used as a group test. Every third item from Sets 1 to
15 was selected (resulting in four items from each of these sets). The test was administered
in a classroom setting. For each item, words were read aloud by the researcher (e.g., ball)
and students were to check the correct box of the picture, choosing from four options, that
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matched the word they heard. The maximum score was 60. Reliability of the PPVT was
α = .77 in the current sample, which is considered good (Kline, 1993).

Morphological Awareness

Morphological awareness was measured using the first two subtests of the Singson Tasks
(Singson et al., 2000) following Siegel (2008) as a group test. The first subtest consisted of
10 multiple-choice items. Students were presented with a short sentence, in which a mor-
pheme in the final word was omitted, for example: ‘She hoped to make a good _____ A.
impressive, B. impressionable, C. impression, D. impressively.’ They were to choose out
of four options which was the correct morpheme to complete the word. The second subtest
was similar, except that students were to complete pseudowords, for example: ‘I admire her
_____ A. sufilive, B. sufilify. C. sufflation. D. sufilize’. The maximum score was 20. Re-
liability was α = .77, which can be considered good (Kline, 1993).

Syntactic Awareness

Syntactic awareness was measured with an oral cloze task to measure syntactic awareness
(Siegel, 2008) in a group setting. This task consisted of 20 cloze items. Students were pre-
sented with a sentence, in which one word was omitted, for example: ‘The __________
put his dairy cows in the barn.’ They were instructed to fill out a word that was semantically,
grammatically and orthographically correct.Words that were semantically, syntactically and
orthographically correct were granted 1 point. In the example sentence, ‘farmer’ is semanti-
cally, syntactically and orthographically correct. An example of a semantically incorrect an-
swer is ‘carrot’, of a syntactically incorrect answer ‘boys’, as there is no anaphoric agreement
between ‘boys’ and ‘his’, and of an orthographically incorrect answer ‘farer’. The maximum
score was 20. Reliability of this task was α = .79, which is considered good (Kline, 1993).

WTI

To measure WTI, a computerised word-by-word self-paced reading task with a moving
window paradigm was used (see Figure 1; Mulder et al., 2020) in Inquisit 4 (2015). Students
read passages of two text types: argument overlap and anomaly detection. Argument over-
lap passages required readers to infer word meanings, while anomaly detection passages
had anomalies, both demanding more effortful reading compared to passages with known
words or passages without anomalies. Each passage had two versions, one for more effortful
reading and one baseline for less effortful reading. This resulted in 12 pairs for each text
type. In each pair, the passages were the same except for one word, which was designed
to either increase or decrease reading effort. Using a within-subjects, between-items design,
students were provided with either of the versions at T1 and vice versa at T2. After each pas-
sage, students were asked to answer a comprehension question (different for each type of
text manipulation), in order to verify that they were actively reading.
Students’ self-paced RTs were recorded on the target word, target plus 1 and target plus

2 (following Bultena et al., 2015; Mulder et al., 2020). These RTs were logged for all fur-
ther analyses. WTI speed was reflected by the average logged RT on the target, target plus
1 and target plus 2, averaged across items, per text manipulation. This resulted in argument
reading speed and anomaly reading speed. WTI processing ability was proposed to be
reflected by the additional self-paced RT required to read the target, target plus 1 and target
plus 2 in more effortful compared to less effortful passages (Mulder et al., 2020). We chose
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to create separate indices for the two text types and for each word position as to disentangle
whether effortful on the target, target plus 1 or target plus 2 (Bultena et al., 2015; Mulder
et al., 2020). For each text manipulation (argument overlap and anomaly detection) and
word position (target, target plus 1 and target plus 2), we computed an index of WTI ability
by dividing the RT on each effortful item by the average RT on all baseline passages, which
served as a processing measure. To avoid a potential time confound, we only divided RTs
collected at the same time point by each other. We illustrate the calculation with the follow-
ing example:
Participant 1:
After being dropped from the plane, the bomb hit the ground and exploded. The detona-

tion was quickly reported to the commander. (unknown word, T1)
Logged RT for Participant 1 reading the underlined target word in the unknown word

passage above: 7.5
Mean logged RT for all target words in known word passages at T1 (i.e., a collective

measure over all target words in known word passages): 6
WTI processing index:
Logged RT for given unknown target word (in this example 7.5)/mean RT across known

target words (here 6) = 1.25
After being dropped from the plane, the bomb hit the ground and exploded. The explo-

sion was quickly reported to the commander. (known word, T2)
In the example mentioned above, the reader indeed distinguished between the two pas-

sages: The reader took more time, that is, more effortful processing, on the passage with
an unknownword than on the passages with a knownword. In other words, theWTI process-
ing index gives an indication of the additional processing cost for WTI of an unknown target
word compared to that of a known target word. Larger scores are assumed to be indicative of
moreWTI processing difficulties. To have a manageable measure, we calculated the average
of the index on each word position per text manipulation. Hence, the index for each word
position separately was composed out of 12 scores, and the index for a text manipulation
(taking together the average across word positions) consisted of three indices per word po-
sition, resulting in one index for argument processing and one index for anomaly processing.
The argument overlap passages, adapted from a study by Yang et al. (2007), always

consisted of two sentences. One passage required the reader to derive the meaning of an un-
known word from the context, that is, make an implicit inference, whereas the other passage
contained an explicit repetition of a known word earlier in the passage. The passages were
12 to 19 words long. The target word was always placed at the beginning of the second sen-
tence in the text passage and was between the 8th and 17th positions (M = 11.38, SD = 2.66).
Reliability for argument processing was α = .79, which can be considered acceptable
(Kline, 1993). Anomaly detection passages were constructed for the purpose of this study
and always consisted of one sentence. One passage contained an anomaly, whereas the other
passage within this category did not. Passages were 7 to 14 words long. The target word was
placed between the 4th and 10th positions in the passage (M = 7.03, SD = 2.37). Reliability
for anomaly processing was α = .72, which can be considered acceptable (Kline, 1993).

Procedure

The participants in this study were part of a larger, longitudinal study. Data were collected
between November 2016 (T1) and April 2017 (T2). Participants were tested individually in
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a 45-minute session and in two plenary classroom setting sessions of 50 minutes at both
time points. All tests were administered in a group setting, except for decoding and
WTI, which were measured individually. During the WTI task, students were placed ap-
proximately 30 cm away from the computer screen. Words were presented in Consolas
font, and students were instructed to read carefully and silently. They were told to do so
at a normal pace, without trying to memorise the passages but merely to comprehend the
passages and to answer a comprehension question after each passage. After the instruction,
students were presented with practice trials, after which they were allowed to ask ques-
tions. Students received a 1-minute break after completing half of the passages. Trials were
built up as follows: Students were presented with a screen that had a dash to represent each
word of the passage and instructed to press the space bar when they had read the word.
This word would disappear as a result, and the next word would appear. Measures for vo-
cabulary, morphological and syntactic awareness and reading comprehension were admin-
istered during the classroom sessions. Except for WTI, all measures were paper-and-pencil
tasks.

Analyses

We examined both direct and indirect effects of all predictors on reading comprehension,
using mediation analysis with the PROCESS plug-in (Hayes, 2014) in SPSS 26 (IBM
Corp, 2019). PROCESS uses ordinary least squares (OLS) regressions to calculate all ef-
fects: direct (independent to dependent), indirect (independent via mediator to dependent)
and total (direct and indirect combined). Effects are calculated as unstandardised regression
coefficients. T2 reading comprehension was the dependent variable and T1 reading com-
prehension the mediator. The independent variables were decoding, vocabulary, and mor-
phological and syntactic awareness (control predictors) and the WTI measures: argument
and anomaly processing and speed at T1. All direct effects of the T1 predictors on T2 read-
ing comprehension can be interpreted as effects of the T1 independent variables on T2
reading comprehension at T2, while controlling for the effect of T1 reading comprehension
(on T2 reading comprehension) (see Figure 2). Indirect effects of T1 predictors on T2 read-
ing comprehension through T1 reading comprehension indicate how T1 predictors
influence T1 reading comprehension and how this, in turn, influences T2 reading compre-
hension (see Figure 2). Total effects are combinations of both the direct and indirect effects
of independent variables on the dependent variable (see Figure 2). Significance of indirect
effects was evaluated using bootstrapped 95% confidence intervals, as these indirect effects
often are not normally distributed (Hayes, 2014). Completely standardised indirect effects
of the independent variables on T2 reading comprehension were reported as an indication
of effects size of the indirect effects (Hayes, 2014). When the confidence interval does not
include zero, the indirect effect is significant. Bootstrapping was set to 5000 cycles
(Preacher & Hayes, 2004).

Results

Descriptive statistics and correlations are displayed in Tables 1 and 2. Reading comprehen-
sion significantly improved from T1 to T2, t(427) = 4.99 p < .001, Cohen’s d = 0.34. We
created a mediation model with decoding, vocabulary, and morphological and syntactic
awareness (control predictors), argument processing and reading speed, and anomaly
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Figure 2. Graphical overview of hypothesised mediation model. Direct effects of independent variables on the de-
pendent variable. Indirect effects of independent variables on the dependent variable. Total effects of independent
variables on the dependent variable.

WTI AND READING COMPREHENSION DEVELOPMENT IN L2 93

 14679817, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1467-9817.12441 by U

trecht U
niversity, W

iley O
nline L

ibrary on [18/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



processing and reading speed and examined all indirect effects through T1 reading compre-
hension and direct effects on T2 reading comprehension (see Figure 3). The correlations in
Table 2 suggest that, except for argument reading speed, the predictors were significantly
correlated with T1 and T2 reading comprehension. Furthermore, all control variables were
correlated with one another, as were nearly all of the WTI measures, except for the process-
ing and speed measures of argument overlap, which were not related to the speed and pro-
cessing of the other WTI components, respectively. Outcomes of the mediation analyses
are displayed in Table 3.

Relationship Between Control Predictors and Reading Comprehension

Total effects of decoding, morphological awareness and syntactic awareness on T2 reading
comprehension were found. Interestingly, there was a direct effect of morphological aware-
ness on T2 reading comprehension. There were no other direct effects on T2 reading com-
prehension. There were, however, indirect effects of decoding, vocabulary and syntactic
awareness via reading comprehension at T1 on reading comprehension at T2. T1 decoding,
vocabulary and syntactic awareness were significant predictors of T1 reading comprehen-
sion performance, which in turn predicted T2 reading comprehension. These results
revealed an effect of T1 decoding, vocabulary and syntactic awareness on T2 reading com-
prehension, which is explained by mediation through T1 reading comprehension. It must
be noted that all indirect effects, as reflected by completely standardised indirect effects
(Hayes, 2014), were small. There is no evidence suggesting an effect of decoding,

Table 1. Means and standard deviations of decoding, vocabulary, morphological awareness and syntactic
awareness (control predictors); WTI: argument overlap and anomaly detection processing (WTI index) and
speed (logged reading times) at T1; and RC at T1 and T2.

M (SD) Range Skewness Kurtosis

Control predictors

1. Decoding 60.70 (10.57) 22–101 �0.24 0.70

2. Vocabulary 39.30 (5.99) 21–65 0.26 0.53

3. Morphological awareness 10.68 (4.06) 2–20 0.25 �0.90

4. Syntactic awareness 7.48 (4.16) 0–18 0.22 �0.66

WTI

5. Argument processing 1.02 (0.03) 0.94–1.10 0.06 0.38

6. Argument reading speed 6.40 (0.27) 5.67–7.23 0.40 0.22

7. Anomaly processing 1.01 (0.02) 0.94–1.09 0.25 0.20

8. Anomaly reading speed 6.36 (0.27) 5.59–7.34 0.42 0.38

RC

9. RC T1 5.35 (2.45) 0–12 0.03 �0.32

10. RC T2 6.22 (2.64) 0–12 �0.03 �0.48

Abbreviations: RC, reading comprehension; T1, Time 1; T2, Time 2; WTI, word-to-text integration.
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vocabulary and syntactic awareness on T2 reading comprehension independent of the me-
diation through T1 reading comprehension.

Relationship Between WTI and Reading Comprehension

There were no significant total or direct effects of the WTI measures on reading compre-
hension at T2. Argument processing and anomaly reading speed were significant predictors
of T1 reading comprehension performance. These effects indicated that larger processing
costs for passages with an unknown word compared to passages with a known word and
faster RTs for anomaly detection were related to better reading comprehension. Similar
to the control predictors, there were indirect effects of these WTI measures: T1 reading
comprehension significantly mediated the effect between T1 argument processing and
T2 reading comprehension, and between T1 anomaly reading speed and T2 reading com-
prehension. In other words, although there were no direct effects of the WTI measures on
T2 reading comprehension, results revealed a mediation effect via T1 reading comprehen-
sion. It must be noted that all mediation effects, as reflected by completely standardised in-
direct effect (Hayes, 2014), were small.

Table 2. Correlations between decoding, vocabulary, morphological awareness and syntactic awareness (con-
trol predictors); WTI: argument overlap and anomaly detection processing (WTI index) and speed (logged
reading times) at T1; and RC at T1 and T2.

1 2 3 4 5 6 7 8 9

Control predictors

1. Decoding -

2. Vocabulary .47*** -

3. Morphological
awareness

.52*** .62*** -

4. Syntactic
awareness

.59*** .63*** .66*** -

WTI

5. Argument
processing

.13** .14** .15** .10* -

6. Argument
reading speed

�.16** �.01 �.10* �.09 .13** -

7. Anomaly
processing

.18*** .16*** .18*** .15** .11* .01 -

8. Anomaly
reading speed

�.08 .05 0 �.01 .08 .90*** 0 -

RC

9. RC T1 .46*** .46*** .46*** .52*** .19*** .02 .12* .10* -

10. RC T2 .42*** .42** .46*** .47*** .17*** .02 .16** .07 .53***

Abbreviations: RC, reading comprehension; T1, Time 1; T2, Time 2; WTI, word-to-text integration.
*p < .001.
**p < .05.
***p < .01.
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Discussion

In this study, we examined the unique role of WTI for reading comprehension in novice
ESL learners after controlling for other predictors of reading comprehension. We measured
WTI using two different text types: In the argument overlap condition, students read pas-
sages with an unknown word, which required them to derive the meaning using the previ-
ous sentence and a passage that contained an explicit repetition of a known word. In the
anomaly detection condition, students read passages with an anomaly, which required them
to detect this word was implausible in this context (anomaly), and passages that contained
a plausible word (no anomaly). WTI was proposed to be reflected by the fact that readers
could keep their reading at the same pace when reading passages with known and plausible
words, whereas they had to slow down when they read passages with unknown and im-
plausible words; that is, they would show larger processing cost on these passages. The re-
sults showed that, in addition to the control predictors, processing cost of argument overlap
and speed of anomaly detection predicted reading comprehension at T2, albeit indirectly
via reading comprehension at T1, on top of the other predictors.
Our first hypothesis was that there would be indirect effects of all measures on T2 read-

ing comprehension, through T1 reading comprehension. With the exception of morpholog-
ical awareness, argument reading speed and anomaly processing, we found small indirect
effects of all measures on T2 reading comprehension, through T1 reading comprehension.
In more detail, we found that T2 reading comprehension was predicted by decoding, vo-
cabulary, syntactic awareness, and processing cost of argument overlap and speed of anom-
aly detection via T1 reading comprehension. These results are largely in line with the
lexical quality hypothesis (Perfetti & Hart, 2002): It seems that readers who have robust
representations of words in the form of orthographic, phonological and semantic knowl-
edge are able to decode words fluently and access word meanings from their lexicons

Figure 3. Graphical overview of mediation outcomes with reading comprehension at Time 2 (T2) as the depen-
dent variable; decoding, vocabulary, morphological and syntactic awareness, argument processing and speed,
and anomaly processing and speed at Time 1 (T1) as independent variables; and reading comprehension at T1
as a mediator. All black, solid arrows indicate significant paths. Nonsignificant paths are indicated with grey dot-
ted arrows. Names of predictors that had no significant effects are displayed in grey.
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Table 3. Results of mediation analyses with reading comprehension at T2 as the dependent variable;
decoding, vocabulary, and morphological and syntactic awareness (control predictors), argument processing
and speed, and anomaly processing and speed at T1 as independent variables; and reading comprehension at
T1 as a mediator.

Dependent variable Independent variables B SE t p R2

Reading comprehension
at T1

Decoding* 0.045 0.012 3.802 <.001

Vocabulary* 0.050 0.022 2.245 .025

Morphological
awareness

0.054 0.034 1.567 .118

Syntactic awareness* 0.152 0.035 4.335 <.001

Argument processing* 10.394 3.864 2.690 .007

Argument reading
speed

�0.920 0.851 �1.081 .280

Anomaly processing �0.420 4.038 �0.104 .917

Anomaly reading
speed*

1.733 0.814 2.130 .034

.359*

Reading comprehension
at T2

Decoding 0.023 0.013 1.775 .077

Vocabulary 0.026 0.024 1.094 .275

Morphological
awareness*

0.095 0.037 2.552 .011

Syntactic awareness 0.071 0.038 1.838 .067

Argument processing 4.816 4.186 1.151 .251

Argument reading
speed

0.168 0.915 0.184 .854

Anomaly processing 4.429 4.338 1.021 .308

Anomaly reading speed 0.255 0.879 0.290 .772

Reading
comprehension T1*

0.341 0.053 6.494 <.001

.366*

Independent variables B SE 95% CI CSIE

Mediation effects on RC2
via RC1

Decoding* 0.015 0.005 0.007 0.025 .061

Vocabulary* 0.017 0.008 0.002 0.034 .039

Morphological
awareness

0.018 0.013 �0.005 0.045 .028

Syntactic awareness* 0.052 0.014 0.026 0.082 .082

Argument processing* 3.546 1.500 1.173 7.074 .035

Argument reading
speed

�0.314 0.296 �0.992 0.245 �.032

Anomaly processing �0.143 1.313 �2.828 2.458 �.001

Anomaly reading
speed*

0.591 0.287 0.102 1.239 .062

Abbreviations: CI, confidence interval; CSIE, completely standardised indirect effect; RC, reading comprehen-
sion; T1, Time 1; T2, Time 2.
*Significant at <.05.
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and, in turn, have better reading comprehension skills. A study examining L1 adults also
suggested that better lexical quality eases reading comprehension (Yang et al., 2005). Pre-
vious studies also demonstrated that syntactic awareness played an important role in read-
ing comprehension, albeit as a mediator between vocabulary and reading comprehension in
L1 and L2 learners (Raudszus et al., 2018). However, while L2 learners are often found to
be skilled decoders, they also seem to be at risk for vocabulary and syntactic awareness
problems (Melby-Lervåg & Lervåg, 2014). It must be noted that these studies mainly fo-
cused on L2 learners who were younger or older than the participants in this study. We
only found an effect of T1 morphological awareness on T2 reading comprehension, in line
with, for example, Deacon et al. (2014). Our results are also in line with the Reading Sys-
tems Framework: It seems that novice L2 readers can use resources on a word level –
decoding, vocabulary knowledge and morphological awareness – and on a sentence level
– syntactic awareness– to improve reading comprehension.
Our second hypothesis was that T1 WTI measures would uniquely predict T1 reading

comprehension and T2 reading comprehension after controlling for its autoregressor and
the other predictors of reading comprehension. Argument processing and anomaly reading
speed were related to T1 reading comprehension and, in turn, to T2 reading comprehen-
sion, but these effects were small. Although we found direct effects of morphological
awareness on T2 reading comprehension, no direct effects of WTI on T2 reading compre-
hension were found. This may be explained by the fact that the participants in this study
were still in their early stages of learning ESL. Morphological awareness has been found
to be a relative strength in novice L2 learners (Kieffer & Lesaux, 2012). Once the basic
skills have been sufficiently developed, integration processes can start to play a part as
well. WTI does predict T1 reading comprehension, but reading comprehension develop-
ment seems to be fostered by the more basic skills.
We added to the existing body of literature by demonstrating that several WTI compo-

nents are predictive of reading comprehension. Specifically, inferencing skills that need
to be applied in the case of argument overlap have been found to differ between weak
and poor comprehenders in the L1 (Yang et al., 2005), but no previous studies related
inferencing processing to reading comprehension performance using standardised mea-
sures in novice L2 learners. Furthermore, this study examined inferencing in the case
where novice L2 readers – who often have insufficient vocabulary knowledge (Melby-
Lervåg & Lervåg, 2014) – had to read passages with unknown words. They had to use in-
formation from a previous sentence to make sense of the meaning of the unknown words.
We demonstrated that students who show larger processing costs for passages with such an
unknown word (implicit inference) compared to those with an explicit repetition of a
known word also have better reading comprehension skills at T1 and, as a result, better
reading comprehension skills at T2, although it should be noted that no comparison be-
tween groups took place. This means that those students who pause during reading to deal
with demanding linguistic features of the text also have better reading comprehension skills
than those who continue reading or do not distinguish between more and less demanding
text. This may be explained by the fact that unknown words are more effortful compared
to reading a known word. Students who distinguish between the two and indeed show
more effort on passages with unknown than known words also have better T2 reading com-
prehension through T1 reading comprehension, in line with literature about L2 comprehen-
sion monitoring (e.g., Hessel et al., 2021). The fact that an effect of argument processing
was present, while an effect of anomaly processing was absent, could be explained by
the fact that, in the argument manipulation, students were to make an implicit inference
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combining information from two sentences. This could be considered a higher order pro-
cess than detecting an anomaly within one sentence.
The effects of anomaly reading speed are in line with previous studies. These studies

suggest that reading anomalies may result in different reading behaviour than reading
non-anomalous passages (van Berkum et al., 1999) and that inconsistent passages invoked
different reading than consistent passages (Hessel et al., 2021), showing the relationship
between reading accuracy and fluency to reading comprehension. However, no effects of
the processing costs of anomaly detection on reading comprehension were found.
With regard to the speed of anomaly detection, previous studies have demonstrated that

reading anomalous passages with subtle indications of anomalies may result in different
ERP responses, with larger N400 effects for anomalies presented in local discourse than
anomalies in a wider global discourse (e.g., van Berkum et al., 1999). We added to this,
demonstrating that faster RTs for passages containing an anomaly are related to reading
comprehension development, even after controlling for, among others, word decoding abil-
ity. Students who detected such anomalies more quickly at T1 also had better T1 reading
comprehension skills, which resulted in better T2 reading skills. This effect may also be
explained by the fact that slow readers have the greatest potential learning gain. We were
the first to combine different WTI measures to predict reading comprehension while con-
trolling for other common predictors of reading comprehension.
In the light of the Reading Systems Framework (Perfetti & Stafura, 2014), WTI has been

proposed to have an important role. Results from this study add to the model that, when
specifically examining the contribution of argument overlap and anomaly detection, we
can disentangle their separate effects on reading comprehension. Furthermore, this study
adds that WTI plays a modest part in reading comprehension, perhaps because these novice
L2 readers have to rely more on lower order, word processes, because their WTI skills are
not as well developed yet as in more proficient readers. Previous studies have demonstrated
shifts in ERP voltages to be related to integrating words into a situation model in adult L1
and L2 learners (Helder et al., 2019; Perfetti & Helder, 2020; Yang et al., 2005), and we
have added to this body of literature by demonstrating that, when examining shifts in reac-
tion times, this is predictive of reading comprehension in novice L2 learners. Taking into
consideration the construction integration model (Kintsch, 1988), this study demonstrated
that students who take more time to process a passage that requires inferencing, compared
to a passage that does not require inferencing, show better reading comprehension. Future
studies could examine what the students’ situation models specifically looked like. We
have added to the body of literature about text coherence (e.g., Graesser et al., 1997) that
students who take more time to process an anomaly, that is, trying to achieve coherence,
compared to a passage without an anomaly are also better at reading comprehension.
This study has several limitations that merit mention. First, internal consistency of the

reading comprehension measure could be improved in future research by including more
items. Second, both the explicit repetition and implicit inferences could be related to a
resonance-based memory mechanism with no necessity to be relevant to inference process-
ing: Participants did not need to add elaboration of meaning beyond what was stated in the
text, whereas previous studies did examine this. Third, it must be noted that all indirect ef-
fects were small and that 35% of the variance in reading comprehension was explained by
all predictors. This suggests that there were only modest effects of the predictors on reading
comprehension and variance could be explained by other predictors, such as working
memory or other WTI indicators. Finally, many of the previous studies compared L2
readers with L1 readers, and we were unable to make such a comparison in this study.
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Several implications for educational practice follow from this study. WTI can provide
unique insights into L2 reading comprehension development. These insights can inform
our understanding of why some students with sufficient lexical skills nevertheless show in-
sufficient reading comprehension skills. As there are large individual differences in L2
learners (Lesaux et al., 2006), insight into WTI skills may aid teacher practices to improve
reading comprehension deficiencies.
In conclusion, we showed that the self-paced reading paradigm can be used to derive

manageable measures of components of WTI that predict reading comprehension, after
controlling for decoding, vocabulary, and morphological and syntactic awareness. WTI
measures, in turn, may explain unique variance in the development of reading comprehen-
sion in ESL.
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