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Abstract

Digital tools such as audiobooks enable language learners to read and listen to a text simultaneously.
Access to such bimodal input has been argued to enhance L2 vocabulary learning from reading by
directing learners’ attention to novel words and facilitating the development of form-meaning links
(Long, 2017). However, research on the cognitive processes underlying vocabulary learning from
bimodal input remains limited. This study compared L2 readers’ attention and awareness levels of novel
words under reading-only (RO) and reading-while-listening (RWL) conditions. Sixty-three L2 English
speakers were randomly assigned to RO and RWL groups and read a 9500-word text containing 24 target
pseudowords over two days while their eye movements were recorded. Attention was assessed through
eye-tracking data, while awareness levels and learning of the target pseudowords were assessed using
retrospective verbal reports and a form recognition test. Results indicated similar levels of attention and
awareness across both groups. However, a positive relationship between attention and awareness
emerged only in the RO group. These results suggest that while bimodal input may not significantly affect
L2 readers’ attention or awareness levels, it influences the relationship between these constructs.
Additionally, both attention and awareness predicted word form learning, indicating their importance in
vocabulary learning.
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Introduction

Digital technologies have enhanced L2 learners’ access to target languages inside and outside language
classrooms, promoting meaning-focused activities such as reading, listening, and reading-while-listening
(RWL). In particular, RWL—where learners simultaneously read a text and listen to its audio— has
become more accessible with the growing popularity and availability of audiobooks and text-to-speech
functionalities on e-readers. Research has indicated that RWL leads to greater vocabulary learning gains
compared to reading (e.g., Malone, 2018) or listening alone (e.g., Tuzcu, 2023). The primary benefit of
RWL lies in its ability to provide bimodal input (written and aural), offering access to both orthographic
and phonological forms of new vocabulary. This dual modality has been argued to draw learners’
attention to words in context and facilitate the creation of form-meaning mappings for new vocabulary
(Long, 2017).

An eye-tracking study by Conklin et al. (2020) showed that auditory input during RWL can alter the way
first (L1) and second language (L2) readers read a text, decreasing their reading speed and increasing
fixation times on words. However, the arguments regarding the attention-directing benefits of RWL on
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novel vocabulary remain unconfirmed by empirical research, leaving unexplored questions about its
influence on L2 learners’ processing of unfamiliar words in a text. Moreover, no research to date has
examined how RWL influences L2 learners’ awareness levels, a cognitive construct intricately related to
attention and that is predictive of L2 vocabulary learning from reading (Godfroid & Schmidtke, 2013).
Exploring the processes underlying vocabulary learning from RWL can provide a more nuanced
understanding of the bimodal input in contextual vocabulary learning while addressing recent calls to
distinguish between learning outcomes (i.e., the end products of a treatment) and learning processes (i.c.,
what happens during learning) (e.g., Godfroid, 2019).

To gain a more comprehensive understanding of vocabulary learning processes from reading, in this
study, I explored how unimodal (written) and bimodal input influence L2 readers’ attention to unfamiliar
words, their awareness of these words, and the relationship between attention and awareness. Secondly, |
examined how each of these cognitive constructs contributes to word form learning.

Literature Review

Attention and Awareness in SLA

In cognitive psychology, attention is defined as “a core property of all perceptual and cognitive
operations” (Chun et al., 2011, p. 73), and it plays an important role in creating new knowledge and
retrieving existing knowledge from memory (Jiménez, 2003). A construct that is related to attention is
awareness, which refers to “subjective, contentful feel of experience that can be reported to others”
(Robinson et al., 2012, p. 247). Despite being closely related, attention and awareness represent distinct
cognitive constructs (Lamme, 2003). In Lamme’s model of cognitive processes, attention serves as a
necessary condition for awareness; only stimuli that receive attention can reach the level of awareness.
However, attention alone cannot guarantee awareness of attended input. In other words, attention is a
necessary condition of awareness, but not all attended stimuli can be reported to others (Godfroid &
Schmidtke, 2013). Additionally, attention is considered as a continuous variable, allowing different
amounts of attention to be allocated to different stimuli, whereas awareness is gauged as an absolute
construct (Cowan, 1995).

In second language acquisition (SLA) research, attention and awareness have been central constructs in
various theoretical L2 learning models (i.e., Leow, 2015; Robinson, 1995; Schmidt, 1990; Tomlin &
Villa, 1994). For example, according to Schmidt’s (1990) noticing hypothesis, with sufficient attention
and awareness, a linguistic input can be noticed (i.e., consciously registered) and converted into intake
(i.e., input that is noticed but not yet internalized). In this hypothesis, attention and awareness are
considered isomorphic with both being crucial in initial L2 learning. By contrast, in Tomlin and Villa’s
(1994) model of input processing, attention alone is deemed necessary for input detection and its
conversion into intake without requiring awareness. Similarly, Leow’s (2015) model of L2 learning
process in instructed SLA posits that learning cannot occur without attention, whereas awareness is not
necessary for initial input processing. Awareness, however, increases through deeper processing at later
stages of learning (e.g., intake processing), enhancing knowledge quality. Robinson (1995), by integrating
the concepts of detection and noticing, argues that both attention and awareness play a role in the learning
process. In Robinson’s (1995) model of attention and memory, detection occurs before noticing, and
while detection only involves attention, noticing requires both attention and awareness. Overall, although
the importance of attention is concurred in the majority of L2 learning theories, there is no consensus
regarding the role of awareness in L2 learning, particularly during initial learning stages.

Measures of Attention and Awareness

An increasingly popular tool to measure attention in L2 research is eye-tracking (Conklin et al., 2020;
Godfroid et al., 2018; Pellicer-Sanchez, 2016). Eye tracking provides detailed data about the location and
amount of overt attention to a visual stimulus. In L2 reading research, eye tracking reveals which words
readers fixate on, how long (fixation duration), and how many times (fixation count) they fixate on these
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words.

Eye-tracking studies examining L2 vocabulary processing during reading have shown that unfamiliar
words receive more fixations and longer fixation durations than familiar words (e.g., Elgort et al., 2018;
Pellicer-Sanchez, 2016). This suggests that unfamiliar words are noticed and processed during reading.
Furthermore, fixation counts and durations on unfamiliar words typically decrease with repeated
encounters, suggesting growing familiarity or implicit/procedural learning of word forms (e.g., Godfroid
et al., 2018; Pellicer-Sanchez, 2016)

While eye-tracking is a reliable measure of visual attention, it cannot be used as an indicator of L2
learners’ awareness levels. For example, increased fixation durations can indicate either cognitive effort
to learn a word and infer its meaning or simply processing difficulty (Wang & Pellicer-Sanchez, 2023).
Triangulating eye-tracking data with data from other data collection methods such as stimulated recalls
can be better for identifying awareness levels. In stimulated recalls, L2 learners are directly asked about
their experiences while completing a task. The main drawback of stimulated recalls is possible memory
decay which may affect learners’ recollection of their thoughts, but reducing the time between the task
and the recall session can help mitigate this issue (Gass & Mackey, 2017).

To my knowledge, Godfroid and Schmidtke (2013) were the first to combine eye tracking with stimulated
recall to investigate attention and awareness of .2 learners in a contextual vocabulary learning study. In
their study, L1 Dutch—L2 English learners read 20 short paragraphs containing 12 target pseudowords.
Attention was measured by total reading time (TRT) on these pseudowords; awareness was
operationalized based as the extent a learner recalled reading a particular word in the paragraphs (as
reported in the retrospective verbal reports) and divided into three categories: no awareness, noetic
awareness, and autonoetic awareness. Noetic awareness, identified with semantic memory, relates to
feelings of familiarity and knowing without any recollection of personal experiences, while autonoetic
awareness, a property of episodic memory, refers to “the mental reinstatement of personal experiences of
previous events at which one was present” (Gardiner, 2001, p. 1351). In the study, noetic awareness was
marked by learners’ reports of familiarity with a word without explicitly describing any personal
experiences with that word, while autonoetic awareness was characterized by reports of personal
recollections about that word. The findings revealed both attention and awareness (noetic and autonoetic)
as significant predictors of learning gains on a form-meaning connections test. Moreover, a positive
correlation emerged between attention and autonoetic awareness with longer fixations on words for which
learners reported autonoetic awareness. This positive correlation was interpreted as an indicator of higher
quality of autonoetic awareness compared to noetic awareness. This study offered empirical evidence
linking attention, awareness, and vocabulary learning within the context of vocabulary learning from
reading. However, the impact of additional auditory input, such as in RWL, on attention and awareness
levels and the relationship between these constructs remains unexplored.

L2 Vocabulary Learning from Reading While Listening

Reading involves both lower-level and higher-level processes, ranging from word recognition to global
comprehension. Word recognition, in particular, is considered essential for fluent reading and
comprehension, and it consists of many sub processes including analyzing printed symbols, identifying
individual letters, understanding grapheme—phoneme relationships, generating phonological codes from
written text (i.e., phonological decoding), and linking a word to its meaning (Nassaji, 2014). In this
context, RWL can offer unique advantages for word recognition by providing simultaneous access to both
written and spoken word forms. This dual access can support the development of orthographic and
phonological representations (e.g., Malone, 2018) and strengthen the link between orthography and
phonology (cf. Valentini et al., 2018), making it particularly beneficial for the learning of word forms
(Malone, 2018; The TwiLex Group, 2024).

This dual modality may also reduce the cognitive load and free up attentional resources of L2 learners
(Low & Sweller, 2014), by facilitating the conversion of orthographic forms into phonological forms
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during word recognition. The learners, then, can allocate these additional cognitive resources to text
comprehension (e.g., Woodall, 2010) or learning of new words (e.g., Valentini et al., 2024). Additionally,
the freed-up resources may facilitate deeper text processing, potentially enhancing awareness levels
(Leow, 2015) for the target words. However, this potential link between dual modality and increased
awareness remains unexplored in empirical research. Alternatively, simultaneous presentation of the same
information through written and auditory input may be redundant and could overload working memory
(Diao & Sweller, 2007), ultimately impeding learning. This effect can be especially relevant for high-
proficiency adult L2 learners, who can efficiently and quickly recognize words with minimal attention or
external support (Nassaji, 2014).

Regarding the learning process, the audio in bimodal input can promote a consistent reading speed
(Chang & Millett, 2015; Koh, 2024), accelerate the detection of words in written input (Long, 2017), and
direct learners’ attention to words (Malone, 2018; Long, 2017). The eye-tracking study by Conklin et al.
(2020) is one of the few that have examined the effects of auditory input on reading. The researchers
examined the reading patterns of L1 and L2 English readers both with and without audio and reported a
moderating effect of auditory input on the reading speed of these readers. For L1 readers, RWL resulted
in longer fixation durations and a reduced likelihood of skipping words compared to reading alone.
Although a similar slowdown in reading speed was observed for L2 readers during RWL, this effect was
not statistically significant. The researchers suggested that simultaneous auditory input can be redundant
for L1 readers, whose word recognition processes are highly automatized. In contrast, L2 readers, whose
reading speed is inherently slower, may benefit from the additional support provided by auditory input.
However, Conklin and colleagues did not explore how novel words are processed when written input is
paired with auditory input, nor did they investigate how this additional auditory input affects awareness
levels. As a result, the impact of bimodal input on L2 learners’ attention to and awareness of unfamiliar
words in a text remains unclear, warranting future research.

The Present Study

The primary goal of this study was to investigate potential differences in L2 learners’ processing of
unfamiliar words in a text during reading, with or without accompanying audio. Using a between-
participants design and complementary data collection methods, I explored how unimodal and bimodal
input affect L2 learners’ attention to and awareness of unfamiliar words repeated multiple times in a text.
Additionally, I examined the relationship between attention and awareness levels across the two input
modalities, and how these constructs predict vocabulary learning.

The research questions (RQs) and the hypotheses were as follows:

1. How does input modality influence L2 learners’ attention to unfamiliar words in a text, as
indicated by total reading times and skipping probabilities?

Drawing on Conklin et al. (2020), it was hypothesized that RWL would lead to longer total
reading times (TRTs) and lower skipping probabilities than reading alone, though the differences
might not be statistically significant. For the RO group, consistent with prior research (e.g., Elgort
et al., 2018; Pellicer-Sanchez, 2016), TRTs were expected to decrease and skipping probabilities
to increase with repeated exposure. If bimodal input fosters consistent reading speed and greater
attention to target words (Koh, 2024; Long, 2017), the RWL group might not exhibit the same
declining trajectory in TRTs or the increasing trajectory in skipping probabilities.

2. How does input modality influence L2 learners’ reported awareness levels of unfamiliar words in
a text?

If bimodal input reduces cognitive load and frees up attentional resources (Low & Sweller, 2014),
the RWL group was expected to report higher awareness levels for the target words than the RO
group. Conversely, if bimodal input is redundant (Diao & Sweller, 2007), the RWL group was
expected to report similar or lower levels of awareness compared to the RO group.
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3. Is there a relationship between L2 learners’ attention and their reported awareness levels?

In line with the findings of Godfroid & Schmidtke (2013), attention was hypothesized to correlate
positively with the reported awareness levels. Specifically, higher attention was expected to be
associated with higher awareness levels. Since no prior studies explored the effects of bimodal
input on the relationship between attention and awareness, exploratory analyses were conducted
for the comparison of input modalities.

4. To what extent do attention and awareness levels predict L2 learners’ vocabulary learning gains?

Based on the findings of Godfroid & Schmidtke (2013), both attention and awareness were
hypothesized to be statistically significant predictors of learning gains. Exploratory analyses were
carried out to examine the comparison between input modalities.

Methodology

Participants

Westfall et al.'s (2014) guidelines for counterbalanced designs were used to determine the baseline sample
size needed to achieve high power (0.8) with a medium effect size (0.5). Practical constraints such as
funding, participant access, and time were also considered in this process (Loewen & Hui, 2021). With 24
target items, approximately 35 participants per group were needed to meet the desired power and effect
size.

Participants consisted of 63 L2 English speakers studying at a Midwestern university in the United States
(14 undergraduates, 39 graduate students, and 10 visiting scholars). Their reported dominant language
was a language other than English, and they all started learning English in school (i.e., no early
bilinguals). At the time of data collection, all participants had been living in the US for less than five
years and were majoring in non-language-related fields (e.g., engineering, mathematics, history). They
had different L1 backgrounds including Spanish, Turkish, Kazakh, and Hindi among others. Their mean
vocabulary size, measured using the Vocabulary Size Test (VST; Nation & Beglar, 2007), was 10,298
(8D = 1,738) out of 14,000 word families, indicating advanced English proficiency given that nonnative
PhD students are estimated to know approximately 9,000 word families (Nation, 2012). All participants
had normal or corrected-to-normal eyesight and hearing. Detailed participant demographics and language
background information can be found in the OSF:
https://ostf.io/vkdwx/?view_only=58e5c03a85704164b0fbe5c3c8e02519

The Reading Text

The reading text was the first seven chapters of The Time Machine, an adapted Level 4 Pearson graded
reader based on H. G. Wells’ science fiction novel. This text was chosen for its interest and engagement
value, which was later confirmed by the participants in a post-experiment interview. None of the
participants were familiar with the text before the experiment. The full text contained 9,761 words, and
participants read the first four chapters on the first day (5,931 words) and the remaining three chapters
(3,830 words) on the second day of the experiment.

Around 97% of the words in the text were in the 3000-word frequency range based on the BNC/COCA
corpus, checked using the VocabProfile on the Compleat Lexical Tutor (Cobb, n.d.). Given the
participants’ high vocabulary size and the less demanding lexical profile of the reading text, the reading
text was suitable for this study. Minor revisions were made to the text to meet the specific needs of the
study (see https://osf.io/vkdwx/?view_only=58e5c¢03a85704164b0fbe5c3c8e02519 for the documentation
of all the modifications and the adapted reading text).

The audio of the text was recorded by a female L1 speaker of American English. The audio adjustments
were made using Audacity, and the speech rate was 170—180 words per minute. This speech rate was
determined after piloting with three participants similar in profile to the main study group. During
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piloting, three speech rates (120—140 words per minute, 170180 words per minute, and 200-210 words
per minute) were assessed, and 170—180 words per minute was reported to be optimal for comprehension.
Pilot participants also reported no problems understanding the recording.

Target Words

The text contained 24 target pseudowords each replacing a real word (nine nouns, eight verbs, and seven
adjectives) in the original text. These pseudowords were five to six letters long, taken from the English
Lexicon Project (Balota et al., 2007), and occurred 2—16 times in the text. These pseudowords were
distributed to the earlier and later chapters evenly so that participants were exposed to all target words on
both data collection days. Moreover, only one target pseudoword occurred in one sentence.

Experimental Conditions

This study had a between-participants design, and each participant engaged with the text in one of two
conditions: RO (n =31) and RWL (n = 32). These groups were comparable in terms of their
demographics and language backgrounds (see
https://osf.io/vkdwx/?view_only=58e5c03a85704164b0fbe5c3c8e02519 for details).

Participants in the RO group viewed only the written text and were asked to read at a normal pace. These
participants advanced from one screen in the experiment to the next by pressing the SPACE key.
Participants in the RWL group received both written text and accompanying audio and were instructed to
read along with the audio. For these participants, screens advanced automatically once the audio for each
screen was complete. This design ensured a comparison of natural reading behaviors of participants with
and without audio, and it aligned with typical classroom practices, where silent reading tasks are often
self-paced while RWL tasks are typically paced by the instructor (e.g., Webb & Chang, 2015). Going
back to previous screens was not possible for either group.

Measures
Comprehension Test

To ensure that participants were reading for comprehension, they completed four true-false questions after
reading each chapter, 28 questions across seven chapters in total. These questions did not contain the
target words or required the knowledge of these words. The full list of comprehension questions can be
found at https://osf.io/vkdwx/?view_only=58e5c03a85704164b0fbe5c3c8e02519.

Vocabulary Test

Previous research (e.g., Malone, 2018; The TwiLex Group, 2024) has found that RWL benefits form
recognition the most. Therefore, to assess the learning of the target words, participants completed a form
recognition test. In this test, participants were given a list of 24 target words and 24 distractors and were
asked to choose the words they remember reading in the text. The test can be found at
https://osf.io/vkdwx/?view _only=58e5c¢03a85704164b0fbe5c3c8e02519. Distractors were nonwords that
were selected from the English Lexicon project, and they were comparable to the target words in terms of
length, mean bigram frequency, and orthographic neighbors.

Each item on the test was scored individually on a binary scale: correctly selected target words received 1
point, while unselected target words received 0 points. No penalties were applied for selecting distractor
items, and the average number of false positives was low (M = 3.57, approximately 14%). As a result,
distractors were excluded from the data analysis. The reliability of the test was high, with Cronbach’s a
of .82.

Eye-Tracking Measures

Participants’ eye movements during reading were used as a measure of attention, and two eye-tracking
measures were used to investigate how input modality influences the processing of unknown words in a
text: TRT and skipping probability. TRT is the sum duration of all fixations within an interest area, and it
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reflects the overall attention a target word receives. This measure has been frequently employed in
previous eye-tracking studies to investigate the processing of unfamiliar words (e.g., Pellicer-Sanchez,
2016; Conklin et al., 2020) and has been found to correlate with awareness (Godfroid & Schmitdke,
2013). Given its relevance, I considered this measure to be the most appropriate measure for addressing
the research questions in this study. Skipping is a binary variable indicating whether a word received a
fixation during first pass reading or not. This measure was included to provide a more comprehensive
picture of L2 learners’ reading behaviors, since skipping tendencies can change depending on the input
modality (Conklin et al., 2020).

Awareness Measure

Participants’ awareness levels of unknown words in the treatment text were examined through audio-
recorded post-reading interviews. These interviews were conducted after the completion of the reading
session and the form recognition test on the second day of the experiment. During the interviews, target
words were used to facilitate their recalling. The researcher presented the target words one by one in
random order and asked participants a set of questions regarding their processing of these words while
reading. The interview questions included the following:

1. Do you recall reading this word in the book?

2. Ifyes, do you remember any of the contexts in which this word appeared? Do you remember
what was happening in the story at that moment?

3. Did you use any strategies to learn or remember this word? Or did you just keep reading even
though this word is unfamiliar to you?

4. Ifyou tried to learn the word, what kind of strategies did you use?

In addition to the 24 target words, there were also six distractor items in the interview to control
participants’ guessing levels. The false positive rates for the distractor items (i.e., reporting that they
recalled reading these words in the text) were low (around 7%), which suggested that participants were
good at reporting their processing behaviors while reading.

Eye-Tracking Apparatus

Eye movements were recorded using the desk-mounted EyeLink 1000 of SR Research at a sampling rate
of 1000 Hz. Participants were seated in front of a 1920 x 1080 resolution monitor (60 Hz refresh rate) at
66 cm reading distance. A chin rest was installed to reduce head movements during reading, and
recording was monocular (dominant eye). The reading text was presented across 97 screens in black
(RGB: 0, 0, 0) Consolas, size 18, double-spaced on a light gray background (RGB: 204, 204, 204). The
text was left-aligned with a one-inch margin inserted around the edges of the screen, and there were zero
to four target words on each screen. None of the target words were in the first or last line, as the first or
last word in a line, or as the first or last word in a sentence, and they were not preceded or followed with a
punctuation mark in the text (Rayner & Pollatsek, 2006). The areas of interest were created for each
occurrence of the target words (see Figure 1 for an example). Before the main reading text, participants
read a short practice text displayed across three screens to familiarize them with the experiment (e.g., how
to move between screens etc.). This practice text also contained three pseudowords to prevent any
possible surprise effects during reading the main text. A 9-point calibration was performed before the
practice text, after every two chapters, and whenever considerable drift or track loss occurred. Moreover,
each screen was followed with a drift check.


http://www.sr-research.com/

Aysen Tuzcu 37

Figure 1
Example Area of Interest

The door opened wider and the Time Traveler stood in front of us. I gave a cry of
surprise.

‘Oh, my friend! What's the matter?’ cried the Medical Man, who saw him next.

The others turned towards the door.

He looked very strange. His coat was dusty and dirty, his hair untidy and, it
seemed to me, greyer - either with dust or because its color had gone.

His mittle was very pale and his chin had a cut on it. For a moment he stopped at
the door; the light seemed too strong for his eyes. Then he came into the room. He
walked slowly, with a bad limp. He did not say a word, but came painfully to the

table and moved a hand towards the wine.

Note. The orange-shaded region highlights the interest area for the target word mittle.

Procedure

Ethical clearance for this study was obtained from an Institutional Review Board (IRB) of a Midwestern
university in the United States. Data collection was completed individually in an eye-tracking lab over
two consecutive days. This design aimed to minimize fatigue from reading a long text in a single session
(around 10,000 words) and benefit from sleep-related consolidation effects (Lindsay & Gaskell, 2010).
On the first day, after completing the consent form and the background questionnaire, participants were
randomly assigned to RO and RWL groups. They read or read and listened to the first four chapters of the
reading text on the first day and answered the corresponding comprehension questions. On the second
day, participants engaged with the remaining three chapters of the reading text and answered the
corresponding comprehension questions. Then, they completed the previously unannounced form
recognition test. Finally, the retrospective interviews to assess participants’ awareness levels took place
after a 10-minute break. Additionally, participants completed other tests assessing their knowledge of the
target words immediately and one week after the reading sessions, the results of which fall outside the
scope of this article.

Data Cleaning and Preprocessing

Before conducting any analyses, participants’ comprehension test scores were checked, and their eye-
movement data were visually inspected using Eyelink Data Viewer for data quality. Firstly, all eye-
tracking data were cleaned using the default four-stage cleaning procedure in the Eyelink Data Viewer
(details can be found at https://osf.io/vk4wx/?view_only=58e5c03a85704164b0tbe5c3c8e02519). Then,
all vertical drifts were corrected manually, and data with track loss were discarded. Following these initial
checks, data from four participants were removed due to poor comprehension (< 60%, n = 2) and track
loss (> 50%, n = 2), leaving 29 participants in the RO group and 30 participants in the RWL group.
Overall, these cleaning stages resulted in the removal of 826 data points from the initial eye-tracking
dataset, and the final dataset contained 9,821 data points.

The awareness data from the retrospective verbal reports were transcribed and coded into three awareness
level categories following the coding scheme in Godfroid and Schmidtke (2013):
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1. The instances where participants reported not recalling reading a target word in the reading text
or the ones where they were uncertain about a word were coded as “no awareness” such as the
following:

[no awareness]: target word: spoll

R What about this word “spoll”?

P10  Idon’t know this word either.

R So, you don’t recall reading this word in the book?
P10 I don’t recall it, no.

2. The instances where participants reported that a word was familiar or that they recall seeing a
word in the text without providing any details were coded as “noetic awareness” (i.e., familiarity)
such as the following:

[noetic awareness|: target word: mittle

R What about this word “mittle”? Do you recall reading this in the book?
P14  Ithink I've seen it. But I don't remember where in the text exactly, in which context it
was.

3. The instances where participants reported recalling a word from the reading text and described an
experience related to that word were coded as “autonoetic awareness” (i.e., recollection) such as
the following:

[autonoetic awareness]: target word: rolley

R What about “rolley”?

P57  Rolley, yeah. It was in the readings from today. Today’s chapters. Rolley... It was in the
context when the time machine was lost, I guess. When he was describing the lawn, and
the time machine was lost. And when he was trying to find it.

R So, did you try to figure out the meaning of this word while reading?

P57  Yeah. When he saw the time machine was... I think they also like use this word to
describe a place where, where a time machine was lost in. So he was trying to put his
time machine out from this place.

Data from 19 participants (approximately 30%) were coded by two raters: the researcher and a PhD
student in Applied Linguistics. The initial interrater reliability was 89% (p = .000). The disagreements (32
out of 456 data points) were resolved through discussion. After this two-rater coding, the remaining data
(960 data points) were coded by the researcher using the same coding scheme.

Data Analysis

All data were analyzed in mixed effects models using /mer and glmer functions in the Ime4 package in R
(Bates et al., 2015) depending on the dependent variable. Each model included random intercepts for
participants and items, but random slopes were not included due to convergence issues. Model selection
was done using a backward stepwise approach. The initial models contained the main fixed effects along
with covariates (standardized vocabulary size, word length, and total exposure count). Any non-
significant covariates that did not improve the model fit were removed from the model iteratively, but the
main effects were kept in the models regardless of statistical significance. Each model was compared to
the previous one using Akaike Information Criterion (AIC) values. After identifying the best-fitting
model, linear models underwent model criticism, and outliers were identified based on the absolute
standardized residuals of the mixed models. Residuals exceeding 2.5 standard deviations were removed,
and the models were refitted. Odds ratios for the mixed-logistic regressions were calculated by
exponentiating the coefficient estimates.
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The effects of input modality on the two eye-tracking measures—TRT and skipping—were examined
using separate models (RQ 1). A linear mixed-effects model was fitted to log-transformed TRT, while a
mixed-logistic regression model was performed to analyze the binary skipping variable (0 = skipped,

1 = attended). Both models contained group, exposure count, and their interactions along with any
statistically significant covariates as fixed effects.

The effects of input modality on awareness levels were investigated using two mixed-logistic regressions
(RQ 2). The first model compared awareness versus unawareness levels by analyzing reported unaware
instances (i.e., no awareness) and aware instances (i.e., noetic + autonoetic awareness). All instances with
no reported awareness were coded as 0, and all instances with reported awareness (noetic and autonoetic)
were coded as 1. The second model focused on the two levels of reported awareness: noetic and
autonoetic awareness. In this model all unaware instances were removed from the dataset, and the model
was run on the reported aware instances. The outcome variable was binary (noetic awareness and
autonoetic awareness). In both models, fixed effects included group and statistically significant
covariates.'

To examine the relationship between attention and awareness levels (RQ 3), a linear mixed-effects model
was conducted, with the summed TRT for each target word as the outcome variable and awareness levels
(three-level factor), group and their interaction as the fixed effects. Since summed TRTs were normally
distributed, no log transformation was applied to the outcome variable.

To investigate the predictability of word learning from attention and awareness levels (RQ 4), three
mixed-logistic regressions were conducted where accuracy on the form recognition test was the outcome
variable and group, total exposure count, summed TRT for each target word, and awareness levels and
their interaction were the fixed effects. The first two models contained either summed TRT or awareness
levels, whereas the third model included both variables.

Results

The average screen times were comparable across two groups with the RO group averaging 25,757 ms
(8D = 11452) and the RWL group averaging 24,590 ms (SD = 4630). However, the screen times for the
RO group showed more variability. Both groups also performed well on the comprehension test, with an
average accuracy of 81% (SD = .39). The RO group achieved an 82% accuracy rate (SD = .39), while the
RWL group had an accuracy of 80% (SD = .40).

On the form recognition test, the RO group correctly identified about 53% of the target words (around 13
out of 24 words), while the RWL group achieved a recognition rate of approximately 56% (around 14
words out of 24), and the two groups were comparable in their learning gains (b = 0.15, p = .53). Total
exposure count was a statistically significant predictor of the learning gains (b = 1.27, p <.001).

The results for each research question are given below. The full model results of the best fitting models
are given in the OSF: https://osf.io/vkdwx/?view_only=58e5c03a85704164b0fbe5c3c8e02519 .

RQ 1: Effects of Input Modality on Attention

Descriptive statistics for the two eye-tracking measures are given in Table 1. The main effect of group
was not statistically significant for either TRT (b = 0.00, p =.95) or skipping probability (b =-0.07,

p = .83). Exposure count, however, was a statistically significant predictor of both TRT (b =-0.02,

p <.001) and skipping probability (b = 0.05, p = .01). Participants’ TRTs for target words decreased over
successive encounters (Figure 2), whereas their probability of skipping target words increased (Figure 3).
The interaction between group and exposure count was not statistically significant for either measure
(TRT: 5=0.00, p = .24; skipping b = 0.00, p = .88), indicating that the reduction in TRTs and the
increase in skipping probabilities were similar across groups. In other words, input modality did not have
a significant impact on the amount of attention or skipping probabilities during reading.
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Table 1
Means and Standard Deviations (in Parentheses) for TRT and Skipping Probability
TRT (ms) Skipping Probability

RO RWL RO RWL
Encounter n M (SD) n M (SD) n M (SD) n M (SD)
1 657 532(347) 659 496 (258) 689  0.05(0.21) 689 0.03 (0.18)
2 656 472(295) 670 466 (241) 696  0.06(0.23) 700 0.03 (0.18)
3 583 469 (287) 582 462 (230) 608  0.04(0.20) 610 0.04 (0.19)
4 490 430(299) 490 405 (233) 521 0.06 (0.24) 521 0.06 (0.23)
5 458 453 (326) 462 397 (211) 493 0.07(0.26) 494 0.05 (0.22)
6 379 402 (260) 376 411 (199) 405  0.06(0.25) 406 0.06 (0.25)
7 340 465(316) 359 400 (209) 377  0.10(0.30) 383 0.06 (0.23)
8 326 412(354) 341  432(209) 348  0.06(0.24) 356 0.02 (0.14)
9 237 468 (345) 259 486 (271) 261 0.09 (0.29) 270 0.03 (0.18)
10 133 452 (345) 135 394 (198) 143 0.07(0.26) 146 0.08 (0.26)
11 105 439 (320) 109 369 (189) 116  0.09(0.29) 118 0.07 (0.25)
12 82 370259 719 396 (190) 87 0.06 (0.23) 90 0.11 (0.32)
13 57 494(249) 56 450 (240) 58 0.02 (0.13) 59 0.02 (0.13)
14 28 309 (186) 25 267 (92) 29 0.03 (0.19) 30 0.17 (0.38)
15 26  383(214) 29 308 (146) 29 0.10(0.31) 30 0.03 (0.18)
16 27 312(158) 27 313 (185) 29 0.07 (0.26) 30 0.07 (0.25)

Note: n shows the number of observations.
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Figure 2

Predicted Values of TRT by Group and Encounter
Predicted Values of Total Reading Time

450-
o 400-
£
'_
g Group
o Flro
[0}
& 350- =] rRwi
I
°
'_

300-

4 8 12 16
Encounter
Figure 3
Predicted Probabilities of Skipping by Group and Encounter
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RQ 2: Effects of Input Modality on Awareness

The total counts and percentages of each awareness level for both groups are given in Table 2. Both
groups reported awareness of approximately 60% of the target words while the reports of unawareness
constituted around 40% of the awareness data across groups. While the percentage of reported noetic
awareness was slightly higher for the RO group (by only 2%), the percentage of the reported autonoetic
awareness was slightly higher for the RWL group (by only 2%).
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Table 2
Total Counts and Percentages for Awareness Levels of Two Groups

RO RWL

Count Percentage Count Percentage
No Awareness 280 40.23% 290 40.28%
Noetic Awareness 224 32.18% 220 30.56%
Autonoetic Awareness 192 27.59% 210 29.16%
Total 696 100% 720 100%

The first model comparing the reported unaware and aware levels did not show any statistically
significant group effect (b =0.01, p = .97), indicating that RO and RWL groups were comparable in
unawareness and awareness levels. The amount of total exposure significantly predicted awareness levels
(b =1.20, p <.001), with each additional encounter increasing the odds of reporting awareness by 3.32
times.

The second model comparing the type of reported awareness (noetic vs. autonoetic) also did not reveal
any statistically significant group effect (b = 0.13, p = .49), with similar noetic and autonoetic awareness
levels across groups. Total exposure was a statistically significant predictor of the type of reported
awareness (b = 0.94, p <.002). The odds of developing autonoetic awareness of target words increased by
2.57 times with each encounter.

RQ 3: Relationship Between Attention and Awareness

For both groups the lowest summed TRTs were found for target words that were reported as unaware by
the participants (Table 3). The target words for which participants reported noetic awareness received
more attention (786 ms for the RO group and 275 ms for the RWL group) than the ones they remained
unaware of. The highest summed TRTs were observed for the target words for which participants
reported autonoetic awareness, with increases of 1,270 ms for the RO group and 1,100 ms for the RWL
group compared to unaware instances.

Table 3
Mean Summed TRTs for Each Group per Awareness Level (in Milliseconds)

RO RWL
Awareness Levels Mean SD 95% Cls Mean SD 95% Cls
Unaware 2414.22 1527.32  [2230, 2590] 2450.91 1380.71  [2290, 2610]
Noetic 3200.99 2082.25 [2930, 3480] 2725.92 1461.33 2530, 2920]
Autonoetic 3684.53 2459.15 [3330, 4030] 3551.26 1527.32  [3320, 3780]

The linear mixed-effects model showed no statistically significant main effect of group (b =-132.85, p =
0.52). However, awareness was a significant predictor of summed TRTs (Figure 4). In the RO group,
pairwise comparisons with Tukey adjustments p < .05 showed that, target words for which participants
reported autonoetic awareness received statistically significantly more attention than words for which
participants reported no awareness (b =261.0, p = .01) and noetic awareness (b = 202.9, p = .05). No
significant difference was observed between words for which participants reported noetic awareness and
no awareness (b = 58.0, p =.76). For the RWL group, the pairwise comparisons revealed no significant
differences in TRTs across the three awareness levels (unaware—noetic: b =-79.9, p = .68; unaware—
autonoetic: b =-140.8, p = .24; noetic—autonoetic: b =-73.8, p = .67). The results indicate an effect of
input modality in the relationship between attention and awareness, with a positive relationship observed
in the RO group and no relationship in the RWL group.
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Figure 4
Predicted Values of Summed TRT on Target Words by Group and Awareness Levels
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RQ 4: Attention and Awareness as Predictors of Word Learning

To examine whether attention and awareness predicts the word form learning, three mixed-logistic
regressions were conducted. The first model, with accuracy as the outcome variable and summed TRT
and total encounter count as predictors, indicated a statistically significant effects of summed TRT (b =
0.65, p = .02) and total encounter count (b = 0.61, p = .04) on learning gains. There was no statistically
significant interaction between group and summed TRT (b = 0.46, p = .11), indicating similar effects of
attention across groups on word form learning.

The second model assessed whether awareness levels predicted word form learning. Both noetic
awareness (b = 1.98, p <.001) and autonoetic awareness (b = 2.84, p <.001) significantly predicted the
learning of form. No significant interactions between group and awareness levels were found, indicating
similar effects of awareness on word learning across groups. Total encounter count was again a
statistically significant predictor (b = 0.91, p <.001).

The third model included both summed TRT and awareness along with total encounter count as
predictors. While awareness remained a statistically significant predictor with nearly the same estimates
(b =1.97 for noetic awareness, b = 2.82 for autonoetic awareness), summed TRT was no longer a
statistically significant predictor of learning (b = 0.38, p = .18). However, when RWL was set as the
reference in the model, summed TRT reached significance (b = 0.72, p = .05), suggesting differing effects
of TRT and awareness on learning gains across groups.

Discussion

Effects of Input Modality on Attention

L2 learners allocated similar amounts of attention to target words during reading, regardless of audio
presence or absence. These findings contradict the arguments about the attention-directing effects of
bimodal input (Malone, 2018) and the facilitation of word detection through audio (Long, 2017). The lack
of processing differences between the two groups suggests that bimodal input may not by itself increase
visual attention to unfamiliar words or divert it from them. As argued by Conklin et al. (2020), the
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absence of additional slowdowns for the RWL group may stem from generally slower reading speeds in
an L2. To put it differently, since silent reading in an L2 is already slower, the audio may not lead to
longer or more frequent fixations and fewer skips during reading, especially when the audio speed
matches the L2 readers’ silent reading pace. The comparable mean screen times for the two groups also
confirms that, irrespective of input modality, L2 learners might spend similar amounts of time on task
especially when the audio speed aligns with their reading speed.

Regarding the processing trajectories, both groups showed a decrease in TRTs and an increase in skipping
probabilities on target words with each encounter. These findings add credence to previous studies which
demonstrated a decline in TRTs and an increase in skipping probabilities on unfamiliar words with
repeated exposure (e.g., Elgort et al., 2018; Godfroid et al., 2018; Pellicer-Sanchez, 2016) and extend
these results to bimodal input conditions. The repetition effect observed in the RWL group suggests that,
despite the fixed audio pace, L2 readers gradually pay less attention to initially unfamiliar words as they
become more familiar with them, rather than maintaining constant reading pace and attention. If the
decrease in reading times indicates learning (Godfroid et al., 2018), these eye movement patterns suggest
that unimodal and bimodal input can yield comparable learning effects. The similar learning gains on the
form recognition test further support this argument.

Effects of Input Modality on Awareness

Input modality did not have an influence on L2 learners’ reported awareness levels of awareness for target
words. This finding, along with the similar attention levels observed, suggest that simultaneous exposure
to orthographic and phonological forms may not reduce cognitive load (Low & Sweller, 2014) or promote
deeper processing, thereby increasing awareness levels during reading. This finding might be related to
the high proficiency levels of the participants in this study. Since phonological decoding is more
automatic for high proficiency L2 learners (Nassaji, 2014), for these learners, concurrent aural rendition
may not free up additional cognitive resources during reading, keeping processing demands similar with
or without it. Alternatively, for these learners, providing audio might be redundant (e.g, Diao & Sweller,
2007) and unhelpful for processing the written text (e.g., Conklin et al., 2020) or developing awareness of
unfamiliar words in the text. Notably, word repetition was effective in increasing awareness levels of
target words, indicating that L2 readers became more aware of the target words when they encountered
them multiple times in a text. Therefore, encountering a word multiple times in text can be more effective
in promoting deeper processing and increasing awareness of that word than simply adding audio to
written input in bimodal conditions.

The Relationship between Attention and Awareness

While input modality did not affect L2 learners’ attention or reported awareness levels, it influenced the
relationship between attention and awareness. For the RO group, a positive relationship emerged between
the total time spent looking at a word and the reported awareness level for that word. Specifically,
autonoetic awareness was associated with greater attention compared to words for which participants
reported no awareness. This supports Godfroid and Schmidtke’s (2013) conclusion that attention
enhances awareness and fosters more experience-based awareness of target words. Additionally, the
summed TRTs distinguished autonoetic awareness from noetic awareness, with significantly higher TRTs
observed for the autonoetic awareness. This finding dovetails nicely with Godfroid and Schmitdke’s
argument that autonoetic awareness reflects richer, higher-quality knowledge than noetic awareness.

Interestingly, this positive relationship between attention and autonoetic awareness disappeared when
learners read with audio. This may be due to the constraints of bimodal reading where audio controls the
reading pace to some extent (Conklin et al., 2020; Koh, 2024), making it harder to pause and reanalyze
unfamiliar words—much like a carriage pulled by horses. This imposed reading pace may also limit the
deep cognitive engagement typically associated with longer fixation durations in unimodal reading (e.g.,
Elgort & Beyersmann, 2024; Godfroid & Schmitke, 2013). However, learners may continue reflecting on
unfamiliar words as they read progress through the text. This means that awareness could extend beyond
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the immediate location of a word in bimodal conditions, which may not be fully captured by fixation
durations. The slightly lower (though not statistically significant) TRTs for noetic awareness in the RWL
group (2725 ms for RWL vs. 3200 ms RO) further suggest that familiarity with target words can develop
with reduced visual attention when text is accompanied by audio. These findings underscore the need to
triangulate eye movement data with verbal reports to better capture vocabulary learning processes across
different modalities.

Attention and Awareness as Predictors of Word Form Learning

Both attention and awareness were significant predictors of learning gains on the form recognition test for
both input modalities. However, in the model containing both mechanisms as predictors of learning gains,
TRT remained a significant predictor only for the RWL group, losing significance for the RO group. This
result for the RO group confirms the finding of Godfroid and Schmitdke (2013) by showing that
awareness levels might be enough to account for vocabulary learning gains from reading alone. It also
supports L2 learning theories such as Schmidt’s noticing hypothesis (1990) that emphasize awareness as a
crucial cognitive mechanism in L2 learning.

In bimodal conditions, however, attention, as measured through eye-movement data, contributed beyond
awareness, making both attention and awareness essential components of learning as argued by Robinson
(1995). Additionally, this result corroborates Godfroid & Schmithke’s (2013) argument that assessing
learning processes solely through awareness may not fully capture initial vocabulary learning processes.
Eye-tracking data provide finer-grained insights into reading processes and predict learning gains
differently than awareness in bimodal conditions. Overall, these findings suggest that the relationships
between attention, awareness, and learning may shift with input modality, highlighting the need for
further research investigating these dynamics across various modalities.

Conclusion

This study explored the effects of input modality on the relationship between attention, awareness, and
word learning from reading by using eye-tracking, retrospective verbal reports, and a form recognition
test. The results indicated that attention and awareness levels were similar across unimodal (written) and
bimodal conditions, and both attention and awareness significantly predicted word form learning
regardless of modality. However, input modality influenced the relationship between attention and
awareness, a positive relationship was observed for unimodal input, whereas no such relationship was
found for bimodal input.

Several limitations of the study should be acknowledged. First, participants’ L1 backgrounds were not
controlled, which could have influenced the results (see The TwiLex Group, 2024). Second, the study
focused exclusively on word form learning, measured through an immediate form recognition test,
limiting its generalizability to other aspects of vocabulary knowledge such as meaning recognition or
recall. Future research should explore how attention and awareness contribute to learning and retaining
other types of vocabulary knowledge. Third, to enhance ecological validity, screen time was not
controlled for the RO group, which may have introduced variability in reading times. Finally, repeated
exposure to target words in the reading text, vocabulary test, and verbal reports could have influenced
participants’ reported awareness levels. Future studies might reduce repetition effects by assigning
participants to either vocabulary testing or verbal reporting tasks.

In conclusion, this study provides an initial exploration into the effects of input modality on attention,
awareness, and word learning and the relationships among these. Further research using complementary
data collection tools is needed to deepen our understanding of L2 vocabulary learning across diverse input
modalities.
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Notes

1. T also conducted a cumulative link mixed model where awareness was treated as ordered categorical
(ordinal) data. The results of this model can be found in the OSF:
https://osf.io/vkdwx/?view_only=58e5c03a85704164b0fbe5c3c8e02519
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