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Open access academic lectures are potential sources for incidental vocabulary
learning. These lectures are available in various formats (transcripts, audios,
videos, and video with captions), but no studies have compared the learning of
vocabulary in these lectures through different input modes. This study adopted
a pretest—posttest design to compare learning at the meaning recall level of 50
words in the same academic lecture through five input modes: reading, listen-
ing, reading while listening, viewing, and viewing with captions. One hundred
sixty-five English for Academic Purposes learners in China were assigned to five
experimental groups and a control group. The experimental groups received
the treatment with the assigned input mode while the control group received
no treatment. Results show that although learning occurred through all input
modes, only viewing significantly contributed to the learning gains. Frequency
of occurrence and type of vocabulary significantly predicted the learning gains,
but the type of verbal elaboration and nonverbal elaboration did not. This study
provides further insights into the value of academic lectures for incidental vocab-
ulary learning and supports the multimedia learning theory and its principles.

1. INTRODUCTION

Second language (L2) learners need to know a large number of words to
understand different discourse types, but it is challenging for teachers to explic-
itly teach all of these words due to limited classroom time (Webb and Nation
2017). Therefore, it is important to determine potential sources for L2 learn-
ers to learn vocabulary incidentally. Earlier research on incidental vocabulary
learning has mainly focused on nonacademic sources (e.g. graded readers,
television programs). Yet recently several well-known universities have made
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their courses available online for nonprofit use. Lectures from these open access
courses could be potential sources for L2 learners in English-medium universi-
ties as well as those in English for Academic Purposes (EAP) programs for sev-
eral reasons. First, academic lectures contain frequently occurring topic-related
words which are essential for learning a subject (Dang 2018). Second, the close
link between topic-related vocabulary and academic content also means that
academic lectures are likely to draw attention from learners (Coxhead 2018).
Third, these lectures are publicly available, which makes it possible for teachers
and learners to use them as learning materials. As repetition of topic-related
words, learners’ attention to input and material availability are important for
incidental vocabulary learning to occur (Webb 2015; Godfroid et al. 2018), lec-
tures from open access courses might be a potential source for incidental vocab-
ulary learning.

Recognizing the importance of academic lectures, several studies have exam-
ined the learning of vocabulary through listening to (Vidal 2003, 2011) and
viewing academic lectures (Dang et al. 2022). They found that learning did occur
through these modes. However, they only used either the audios or videos of
academic lectures as the input while lectures from open access courses are avail-
able in various formats (transcripts, audios, videos, and video with captions).
Camiciottoli (2020, 2021) recommends that EAP teachers should encourage
their students to take full advantage of all available materials (e.g. transcripts,
captions), not just lecture recordings. Yet no studies have compared the learning
of vocabulary in open access academic lectures through different input modes.
Addressing this gap would help to determine which input mode best facilitates
the learning of vocabulary from academic lectures, which in turn would allow
teachers to make better use of this kind of input.

The present study was conducted with two aims. The first aim was to inves-
tigate the learning of vocabulary in an academic lecture through five input
modes: reading, listening, reading while listening, viewing, and viewing with
captions. The second aim was to examine the effect of frequency of occurrence,
type of vocabulary, type of verbal elaboration, and nonverbal elaboration on
vocabulary learning through these modes. By comparing aural input (listen-
ing), written input (reading), aural plus written input (reading while listening),
audiovisual input (viewing), and audiovisual plus written input (viewing with
captions), this study would provide further insights into the relative value of
written input, aural input, and visual input for L2 vocabulary learning and how
different factors affect vocabulary learning through these modes.

2. BACKGROUND
2.1. Incidental vocabulary learning through different input modes

The present study defines incidental learning as a byproduct of other activi-
ties (e.g. reading newspapers, watching movies) (Ellis 1999). That is, vocab-
ulary learning occurs when the focus is on understanding the message in the
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input rather than deliberately learning a set of words. Incidental vocabulary
learning is an essential part of well-balanced vocabulary programs (Webb
and Nation 2017). To successfully perform various tasks in English, L2 learn-
ers need to know a large number of words, but it would be impossible for
teachers to explicitly teach all of these words in class time (Webb and Nation
2017). Meeting words repeatedly in meaningful contexts helps learners to
expand and consolidate their vocabulary knowledge both in terms of breadth
and depth.

Given its significant role in L2 vocabulary learning and teaching, inciden-
tal learning has received a great deal of attention from vocabulary research-
ers. Most previous studies have focused on written input. They have shown
that L2 vocabulary could be learned through reading sets of short sentences
(Webb 2007), graded readers (e.g. Brown et al. 2008; Webb and Chang 2015a,
b), authentic nonacademic texts (Pellicer-Sanchez and Schmitt 2010), and aca-
demic texts (Vidal 2011).

Studies with audio input, however, are fairly limited in number. They have
revealed that vocabulary learning can occur through listening to (Brown et al.
2008; van Zeeland and Schmitt 2013) and reading while listening to graded
readers (Brown et al. 2008; Webb and Chang 2015a, b; Teng 2018), listening to
songs (Pavia et al. 2020), and listening to teachers (Jin and Webb 2020). Only
Vidal (2003, 2011) has investigated vocabulary learning through listening to
academic lectures, but the lectures in her studies were modified from authentic
sources. Whether vocabulary can be learned through listening to an unmodified
lecture remains to be determined.

In recent years, with the popularity of audiovisual input, a growing number
of studies have investigated vocabulary learning through viewing and viewing
with captions. Research has revealed that vocabulary can be learned through
viewing short video clips (e.g. Neuman and Koskinen 1992; Montero Perez et al.
2014; Puimege and Peters 2019), full-length television programs with captions
(e.g. Peters 2019) and without captions (Peters and Webb 2018; Feng and Webb
2020; Rodgers and Webb, 2020). Only three studies have investigated vocab-
ulary learning through viewing academic lectures. Smidth and Hegelheimer
(2004) and Yang and Sun (2013) both found that viewing academic lectures led
to vocabulary learning. However, the lack of a control group makes it less trans-
parent whether the learning occurring in these studies was solely attributed to
the treatment (viewing). To address this limitation, Dang et al. (2022) included
a control group. They also found that viewing an academic lecture resulted in
vocabulary learning.

Several studies have explicitly compared vocabulary learning across different
input modes. Using graded readers as the input, Brown et al. (2008) found that
reading while listening and reading led to greater learning gains than listening,
but there were no significant differences in the learning gains of reading while
listening and reading. However, later, both Webb and Chang (2012) and Teng
(2018) found that reading while listening resulted in greater learning gains than
reading. It can be inferred from these studies that as for graded readers, reading
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while listening may better facilitate vocabulary learning than reading and lis-
tening whereas listening may facilitate vocabulary learning the least.

Several studies have compared vocabulary learning from different input
modes with television programs as the source of input. Neuman and Koskinen
(1992) found that viewing with captions led to greater learning gains than read-
ing while listening. Meanwhile, Feng and Webb (2020) found that listening,
reading, and viewing contributed equally to vocabulary learning gains. As for
the comparison between viewing and viewing with captions, previous research
consistently showed that viewing with captions resulted in greater learning
gains than viewing at the meaning recognition level (Neuman and Koskinen
1992; Montero Perez et al. 2014, 2018; Peters 2019; Teng 2019). However, the
findings related to the learning gains at the meaning recall level were fairly
mixed. Some studies (Peters 2019; Teng 2019) revealed that viewing with cap-
tions led to significantly greater learning gains than viewing while the others
(Neuman and Koskinen 1992; Montero Perez et al. 2014, 2018) did not find
any significant difference in the learning gains under the two conditions. It can
be inferred from previous studies that when television is the source of L2 input,
viewing with captions may facilitate vocabulary learning better than viewing
and reading while listening whereas viewing is likely to contribute to vocabu-
lary learning as well as reading and listening.

To the best of our knowledge, only Vidal (2011) has examined the effect
of input modes on incidental learning of vocabulary in academic lectures.
Comparing the learning gains through listening to academic lectures and read-
ing academic texts, she found that both input modes resulted in learning gains,
but listening led to smaller gains than reading. While Vidal’s study provides
useful insights into incidental learning of vocabulary in academic lectures, sev-
eral areas need further investigation. First, the lectures and the readings used
in her study had been modified. It would be useful to examine whether the
same result would be found if an unmodified lecture was used. Second, with
the popularity of open access courses, academic lectures have been available to
language learners in various formats: transcripts, audios, videos, and video with
captions. This means that these lectures could be presented to learners through
different modes such as reading, listening, reading while listening, viewing, and
viewing with captions. It would be useful to directly compare and determine the
relative contribution of each mode to vocabulary learning. Such research would
provide further insights into the relative value of written, aural, and audiovisual
input to incidental vocabulary learning and shed light on the value of academic
lectures as a source of input for L2 learners.

2.2. Multimedia learning theory

As this study compared vocabulary learning through different input modes,
this section will review Mayer’s (2014) multimedia learning theory. According
to this theory, human beings can process information through two channels.
As these channels have limited capacities, information processed through both
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channels would make better use of these channels and in turn would result in
better learning outcomes than information processed through only one chan-
nel. There are two approaches toward classifying these channels. The presenta-
tion-mode approach, which is based on the format of the stimulus, divides these
channels into the verbal channel (e.g. written and spoken forms of words) and
the nonverbal channel (e.g. images). The sensory-modality approach, however,
categorizes these channels into auditory channel (i.e. the information is pro-
cessed through the ears) and visual channel (i.e. the information is processed
through the eyes). Given the variation in the approaches toward classifying the
two channels, Mayer (2014) calls for further investigation to determine which
approach is more appropriate.

Two important principles of the multimedia learning theory are the split-at-
tention principle and the redundancy principle. The split-attention principle
proposes that multimedia learning materials should not split students” atten-
tion among various sources otherwise this would create extraneous cognitive
loads on their working memory and hinder learning (Ayres and Sweller 2014).
Therefore, the redundancy principle suggests that redundant materials, which
duplicate the same information in multiple forms will negatively affect learn-
ing because they make students to split their attention in order to coordinate
redundant information from different sources (Kalyuga and Sweller 2014).

Research in the context of learning science in L1 has provided solid evidence
supporting the multimedia learning theory and its principles (Mayer 2014).
Second Language Acquisition (SLA) research also supports the multimedia
learning theory by finding that multimedia input (graded readers, television
programs) facilitated second language learning, but at the same time questions
the split-attention principle and the redundancy principle when showing that
duplicating the same information in multiple forms did not have negative effect
on comprehension nor learning (e.g. Peters 2019; Pellicer-Sanchez et al. 2020).
It is important to note that studies supporting the multimedia learning the-
ory and its principles used academic texts as the input for L1 students to learn
science. Meanwhile, studies that do not support these principles used nonac-
ademic texts (e.g. graded readers, TV programs), which have lower degree of
complexity, for L2 learners to learn another language. Therefore, it remains to
be answered whether the split-attention principle and the redundancy principle
hold true if academic input such as academic lectures is used as the input for L2
learning.

2.3. Factors affecting incidental learning of vocabulary in aca-
demic lectures

Four studies have examined factors affecting the learning of vocabulary in aca-
demic lectures. These studies focused on either listening (Vidal 2003, 2011) or
viewing (Yang and Sun 2013; Dang ef al. 2022) and they investigated the contri-
butions of frequency of occurrence, type of vocabulary, and type of elaboration
on incidental vocabulary learning.
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2.3.1. Frequency of occurrence. Research indicated that frequency of occurrence
significantly contributed to the learning gains through listening to (Vidal 2003,
2011) and viewing academic lectures (Yang and Sun 2013; Dang et al. 2022). No
studies have investigated the effect of frequency on vocabulary learning through
viewing academic lectures with captions and other input modes. Exploring the
extent to which frequency influences vocabulary learning in different input
modes is important. It would help to determine the amount of input needed to
promote the learning of vocabulary in academic lectures in different conditions,
which would effectively inform the selection and design of materials and activ-
ities for L2 vocabulary learning.

2.3.2. Type of vocabulary. Previous studies reported that the type of vocabulary
significantly predicted vocabulary learning through listening to (Vidal 2003,
2011) and viewing academic lectures (Yang and Sun 2013). Technical vocabu-
lary was more likely to be learned than academic vocabulary and low-frequency
vocabulary, whereas low-frequency vocabulary was more likely to be learned
than academic vocabulary. While these studies provide useful insights into the
effect of the type of vocabulary on incidental learning of vocabulary in aca-
demic lectures, certain areas need further investigation. First, these studies used
items from academic written word lists—Coxhead’s (2000) Academic Word
List and Xue and Nation’s (1984) University Word List—to represent academic
vocabulary in lectures. Vocabulary in academic spoken English is different from
that in academic written English to some extent (Dang and Webb 2014; Dang
2020a). Wordlists developed from academic speech such as Dang et al.’s (2017)
Academic Spoken Word List better reflect academic vocabulary in lectures.
Second, previous studies considered specialized vocabulary (technical vocabu-
lary and academic vocabulary) being different from low-frequency vocabulary.
However, recent research (Gardner and Davies 2014; Dang ef al. 2017; Dang
2020b) has suggested that academic vocabulary and technical vocabulary are
no longer separate levels from high- and low-frequency words, but cut through
these frequency layers. Finally, previous studies (e.g. Vidal 2003) only exam-
ined listening and viewing while academic lectures may be available in other
formats. Taken together, it is important to investigate the effect of the type of
vocabulary on vocabulary learning through ditferent input modes. The classifi-
cation of vocabulary types in such research should reflect the nature of vocab-
ulary in academic spoken English. Its findings would provide us with valuable
insights into the kind of vocabulary that is less likely to be learned incidentally
so that teachers could plan accordingly.

2.3.3. Elaboration. Earlier studies found that elaboration made a significant con-
tribution to vocabulary learning through listening to (Vidal 2003, 2011) and
viewing academic lectures (Yang and Sun 2013). Words with explicit verbal
elaboration (i.e. those explained through definitions, descriptions, and naming
and questioning statements) were more likely to be learned than words with
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implicit verbal elaboration (i.e. those explained through examples, paraphrase,
or synonymy), which were more likely to be learned than words with no elabo-
ration. Only Yang and Sun (2013) examined nonverbal elaboration (e.g. expla-
nations through gestures, symbols, or images). Focusing on viewing, they found
that words with nonverbal elaboration had higher learning gains than those
without nonverbal elaboration. No studies have explored the effect of verbal
elaboration and nonverbal elaboration on the learning of vocabulary in aca-
demic lectures through different input modes. Addressing this gap is important,
because it would help language teachers to anticipate which kinds of elabora-
tion are likely and unlikely to facilitate the learning of vocabulary in academic
lectures and provide learners with relevant strategies to recognize these kinds of
elaborations. It would also help content lecturers to select the kind of elabora-
tion that best facilitates the comprehension of students whose L1 is not English.

2.4. Research questions

The review has shown that no previous studies have (i) compared the learn-
ing of vocabulary in academic lectures through different input modes and (ii)
examined the influence of frequency of occurrence, type of vocabulary, and
elaboration on the learning across these modes. To address these gaps, this study
would investigate the following questions:

1. To what extent do L2 learners incidentally learn vocabulary in an academ-
ic lecture through reading, listening, reading while listening, viewing, and
viewing with captions?

2. How do vocabulary learning gains compare across these input modes?

3. What is the relationship between the vocabulary learning gains and the fol-
lowing factors: frequency of occurrence, type of vocabulary, type of verbal
and nonverbal elaboration?

3. METHODOLOGY
3.1. Participants

Omne hundred sixty-five postgraduate students at a university in China partici-
pated in the study. These participants were recruited on a voluntary basis fol-
lowing the authors’ institutional ethical guidelines. These students majored in
Technology and Engineering and were from six intact EAP classes. Each class
was randomly assigned to either the control group or one of five experimental
groups. The experimental groups encountered the target words in the same aca-
demic lecture in one of the following input modes: (i) reading, (ii) listening, (iii)
reading while listening, (iv) viewing, and (v) viewing with captions. The read-
ing group (n = 27) read the transcript of the lecture silently. The listening group
(n = 27) listened to the audio version of the lecture. The reading while listening
group (n = 28) listened to the audio version of the lecture and simultaneously
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read the transcript. The viewing group (n = 28) watched the video of the lec-
ture. The viewing with captions group (n = 28) watched the video of the lec-
ture which contained captions. The control group (7 = 27) did not receive any
treatment but completed the same dependent measures as the experimental
groups. The participants took Webb et al.’s (2017) Updated Vocabulary Levels
Test (UVLT), which was delivered two weeks before the treatment as part of
their program entry test (see online supplementary material for Appendix A for
their scores). One-way between-groups ANOVA revealed no significant differ-
ence in the mean scores of the six groups on the UVLT: F (5,159) = 1.5, p=0.19,
1n* = 0.05, which indicated that their vocabulary levels were similar.

3.2. Materials and target words

The materials were the video, audio, and transcript of an open access lec-
ture in an introductory undergraduate course in Algorithms delivered by the
Massachusetts Institute of Technology for nonprofit use (see online supplemen-
tary material for Appendix B). The steps of selecting the materials are described
in detail in online supplementary material for Appendix C. The target words
were 50 content words that occurred in the lecture and were unknown to at
least 80 percent of the participants in a pilot study (see online supplementary
material for Appendix D for detailed information of these words).

3.3. Variables

This study examined the relationship between vocabulary learning in each
input mode and four factors: frequency of occurrence, type of vocabulary, type
of verbal elaboration, and nonverbal elaboration. The frequency of occurrence
was measured by counting the occurrences of the target words in the lecture.
The type of vocabulary, type of verbal elaboration, and nonverbal elaboration
were rated by the first and second authors. They independently watched the
video, read the transcript of the lecture, and did the rating. Detailed descriptions
of the rating of the vocabulary types and elaboration are presented in online
supplementary material for Appendix E.

3.4. Dependent measures

A vocabulary test was designed to measure knowledge of the target words at
the meaning recall level (see online supplementary material for Appendix F).
This test was used as the pretest, immediate posttest, and delayed posttest,
but the order of items in these tests was different to minimize the chances
of a testing effect. To motivate the participants to do the test, the test also
included two words known by at least 80 percent of the participants in a
pilot study (machine, analysis). Data related to these items were not included
in the analysis. To complete the test, the participants were presented with
the spoken and written forms of the target words, and had to provide the
translation of the words, the symbols for which the words stood, or explain
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the meaning of the words in English or Chinese. To ensure the participants
understood how to complete the test, examples were provided and instruc-
tions were given in Chinese. The internal consistency of the test was very
good (Cronbach’s a = 0.89)

3.5. Comprehension test

To measure the participants’ comprehension of the lecture, a 10-item True/False
comprehension test was designed and delivered to the participants at the end of
the treatment (see online supplementary material for Appendix G for the test
and Appendix H for a detailed description of the steps taken when developing
the test).

3.6. Procedure

The experiment was carried out for three consecutive weeks. All participants
were informed that this study aimed to explore their comprehension of an aca-
demic lecture so that they would focus on the content rather than deliberately
learn the unknown words in the lecture. In Week 1, all groups completed the
pretest. In Week 2, the experimental groups received the treatment with the
assigned input mode. Immediately after the treatment, all participants com-
pleted the comprehension test and the immediate posttest. The control group
did not receive any treatment but still completed the immediate posttest. In
Week 3, all groups took the delayed posttest.

3.7. Scoring and analysis

Data were scored dichotomously. Correct answers and incorrect answers were
scored as 1 and 0, respectively. The tests were independently scored by the
second author and another rater who was a native speaker of Chinese with an
advanced level of English and a PhD in technology and engineering. There was
almost perfect agreement between their ratings (Cohen kappa x = 0.99, p <
0.0005). Disagreement was resolved through discussion.

Statistical analysis was conducted with the Ime4 package in the R statistical
platform. To address the first two research questions, we performed a single lin-
ear mixed-effects model to identify if there existed significant differences in the
scores of the six groups representing different input modes (control, reading,
listening, reading while listening, viewing, and viewing with captions) through
the three testing times (pretest, immediate posttest, and delayed posttest). In
this model, the score was the dependent variable. The fixed factors were mode,
time, the interaction between mode and time, and vocabulary level. The ran-
dom effect was the participant. Mode and time were categorical variables; there-
fore, treatment coding was used when coding them. The reference levels for
mode and time were the control group and the pretest, respectively. The vari-
ance information factor scores of time, mode, and vocabulary level were around
1.0, suggesting no problems with multicollinearity.
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To address the last research question, we performed a series of general lin-
ear mixed-effects models for each experimental group. These models allow us
to analyze the correctness of the participants’ responses to the target words as
binomial variable (correct/incorrect). In each model, the dependent variable
was the score (correct/incorrect). The fixed effects were frequency of occur-
rence, type of vocabulary, type of verbal and nonverbal elaboration, and the
random effect was participant. Continuous variables (UVLT score, frequency
of occurrences) were centered and standardized. We also followed the treat-
ment coding when coding the categorical variables (type of vocabulary, type of
elaboration, nonverbal elaboration). In terms of type of vocabulary, nonspecial-
ized vocabulary, administrative vocabulary, academic vocabulary, and technical
vocabulary in turn acted as the reference level. In terms of type of elaboration,
no elaboration, implicit elaboration, and explicit elaboration took turns to be
the reference level. In terms of nonverbal elaboration, without nonverbal elab-
oration was the reference level.

4. RESUILTS
4.1. Incidental vocabulary learning gains

Table 1 shows that irrespective of the groups, there was an increase in the
mean scores from the pretest to the immediate posttest and from the pretest
to the delayed posttest. Results of the single linear mixed-effects model anal-
ysis showed that the whole model (both the fixed effects and random effects)
explained 88 percent of the variance on the scores (conditional R* = 0.88) and
the fixed effects (mode, time, mode by time interaction, and vocabulary level)
explained 18 percent of the variance (marginal R* = 0.18).

Table 2 presents the results of the single linear mixed-effects model analysis.
There was a significant main effect of time on the scores (p < 0.05). This suggests
the participants’ scores significantly went up from the pretest to the posttests.
A significant main effect of input mode on the scores was seen in the case of
viewing (p < 0.05), but not in the other cases. Group-by-time interaction signifi-
cantly affects the scores on the immediate posttest of the reading, reading while

Table 1: Mean score (SD) on the pretest, immediate posttest, and delayed posttest
(N=165)

Group n Pretest Immediate posttest ~ Delayed posttest
Control 27  8.41(7.20) 10.89 (8.86) 11.78 (7.59)
Reading 27 9.04 (5.73) 13.81 (5.94) 13.30 (6.54)
Listening 27 10.41 (5.09) 14.81 (6.10) 15.30 (6.38)
Reading while listening 28 9.71 (5.38) 15.71 (7.24) 13.32 (8.03)
Viewing 28 1354 (6.55) 17.61 (7.13) 18.75 (7.05)
Viewing with caption 28 8.96 (6.17)  14.29 (7.48) 14.29 (6.86)
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listening, and viewing with captions (p < 0.05), but not in the case of listening
and viewing. No significant effect of group-by-time interaction on the delayed
posttest scores in most cases (p > 0.05), except for viewing.

To further compare the scores of different groups over different testing times,
we ran a series of pairwise comparisons test using the emmeans package in
R with Bonferroni adjustments for multiple comparisons. The comparison of
the scores at different testing times of each group showed that in all cases, the
immediate posttest scores and the delayed posttest scores were significantly
higher than the pretest scores (all p < 0.05), but there were no significant differ-
ences between the immediate posttest scores and the delayed posttest scores (all
p > 0.05). This indicated that learning happened in all conditions.

The pairwise comparison also showed the pretest scores of the six groups were
not significantly different from one another (all p > 0.05). This suggests that the
control group and the experimental groups had similar knowledge of the target
words before the treatment. However, in the case of immediate posttests and
delayed posttest, the viewing groups scored significantly higher than the con-
trol group (p < 0.05) whereas no significant differences were found between
other experimental groups and the control group (all p > 0.05). This indicates
that viewing an academic lecture made a unique contribution to learning while
the other input modes did not. Similar findings were obtained when the model
was releveled with the reading, listening, reading while listening, viewing, and
viewing with captions, in turn, serving as the reference level.

4.2. Relationships between learning gains and the four variables

Results of the general linear mixed-effects models showed that the whole model
explained 12, 24, 19, 26, and 11 percent of the variance in the scores of the
reading group (conditional R* = 0.12), listening (conditional R* = 0.24), reading
while listening (conditional R* = 0.19), viewing (conditional R* = 0.26), and
viewing with captions groups (conditional R?> = 0.11), respectively. Meanwhile,
the fixed factors explained 11, 18, 9, 18, and 5 percent of the variance in the
case of reading (marginal R*> = 0.11), listening (marginal R* = 0.18), reading
while listening (marginal R* = 0.09), viewing (marginal R* = 0.18), and viewing
with captions (marginal R* = 0.05).

Tables 3-7 present the effect of each factor on the learning gains of each
experimental group. Regardless of the conditions, the type of verbal elab-
oration and nonverbal elaboration did not make significant contributions to
learning, but the frequency of occurrence did. The kind of vocabulary signifi-
cantly affected the learning gains of all groups, except for the viewing with
captions group. Table 3 shows that in the case of reading, academic vocabulary
had greater learning gains than nonspecialized vocabulary, but administrative
vocabulary and technical vocabulary did not. When administrative vocabulary,
academic vocabulary, and technical vocabulary were used as the reference level
in turn, the learning gains of academic vocabulary were significantly higher
than those of administrative vocabulary and nonspecialized vocabulary, but
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Table 3: Results of the general linear mixed-effects model for the reading group

b SE 95% CI z p
(Intercept) -2.70 1.33 [-5.31, =0.093] -2.03 0.04*
Frequency 0.13  0.02 [0.09, 0.17] 5.94  2.82e-09%**
Vocabulary type (adminis- -0.44 0.67 [-1.76,0.88] -0.66 0.51
trative vs. nonspecialized)
Vocabulary type (academic 0.89 0.45 [0.01, 1.77] 1.97 0.0484*
vs. nonspecialized)
Vocabulary type (technical 0.68 0.49 [-0.28,1.64] 1.39 0.16
vs. nonspecialized)
Verbal elaboration (implicit 0.12 0.28 [-0.43, 0.67] 0.44 0.66
vs. no verbal elaboration)
Verbal elaboration (explicit -0.86 0.52 [-1.87, 0.16] -1.65 0.01
vs. no verbal elaboration)
Nonverbal elaboration (yes —-0.09 0.22  [-0.52, 0.34] -0.41 0.68
Vs. no)

Note: *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed).

Table 4: Results of the general linear mixed-effects model for the listening group

b SE  95% CI z p
(Intercept) —-8.28 2.13 [-1.245637e+01, —4.11] —-3.89 9.93e-05***
Frequency 0.07 0.02 [1.946445e-02, 0.12] 2.75 0.00588**

Vocabulary type (adminis-  0.81 0.89 [-9.233415e-01, 2.55] 0.92 0.36
trative vs. nonspecialized)

Vocabulary type (academic  2.06 0.73 [6.245447¢—01, 3.49] 2.81 0.00490%*
vs. nonspecialized)

Vocabulary type (technical 2.24 0.75 [7.603698e-01, 3.71] 2.97 0.00298**
vs. nonspecialized)

Verbal elaboration (implicit 0.09 0.29 [-4.717720e-01, 0.66] 0.33 0.75

vs. no verbal elaboration)

Verbal elaboration (explicit —0.93 0.52 [-1.943432e+00, 0.08] -1.80 0.07

vs. no verbal elaboration)

Nonverbal elaboration (yes 0.32 0.23 [-1.237844e-01, 0.76] 1.41 0.16

VS. NO)

Note: *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed).

were not significantly different from that of technical vocabulary. Meanwhile,
no significant differences were found in the learning gains of nonspecialized
vocabulary, administrative vocabulary, and technical vocabulary.

In the case of the listening group and viewing groups, Tables 4 and 5 show that
academic vocabulary and technical vocabulary had significantly higher learning
gains than nonspecialized vocabulary, but administrative vocabulary did not.
When the models were releveled with administrative vocabulary, academic
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Table 5: Results of the general linear mixed-effects model for the viewing group

b SE 95% CI z 14
(Intercept) -4.14 1.40 [-6.88, —1.39] -2.96 0.003**
Frequency 0.09 0.03 [0.037, 0.14] 3.31 0.00]1***
Vocabulary type (adminis- -0.51 0.93 [-2.34, 1.32] -0.54 0.59
trative vs. nonspecialized)
Vocabulary type (academic 1.68 0.61 [0.48, 2.87] 2.75 0.006**
vs. nonspecialized)
Vocabulary type (technical 209  0.63  [0.846, 3.329] 330 0.001%**
vs. nonspecialized)
Verbal elaboration (implicit 0.01 0.30 [-0.57, 0.60] 0.05 0.96
vs. no verbal elaboration)
Verbal elaboration (explicit -0.09 0.40 [-0.87, 0.70] -0.21 0.83
vs. no verbal elaboration)
Nonverbal elaboration (yes -0.11 0.23 [-0.56, 0.35] -0.47 0.64
Vs. no)

Note: *p < 0.05, **p < 0.01, ***p» < 0.001 (two-tailed).

Table 6: Results of the general linear mixed-effects model for the reading while
listening group

b SE 95% CI z p
(Intercept) -7.00 1.72 [-10.38, -3.62] -4.06 4.83e-05 ***
Frequency 0.09 0.02 [0.05,0.13] 4.47 7.81e-06 ***
Vocabulary type (adminis- 0.46 049 [-0.50, 1.42] 0.94 0.35
trative vs. nonspecialized)
Vocabulary type (academic 1.03 0.40 [0.24, 1.81] 2.56 0.01%
vs. nonspecialized)
Vocabulary type (technical 0.88 0.44 [0.02, 1.73] 2.01 0.05*
vs. nonspecialized)
Verbal elaboration (implicit 0.19 0.24 [-0.27, 0.66] 0.82 041
vs. no verbal elaboration)
Verbal elaboration (explicit -0.71 0.44 [-1.57, 0.15] -1.62 0.10
vs. no verbal elaboration)
Nonverbal elaboration (yes -0.23 0.20 [-0.62,0.17] -1.14 0.26
VS. Nno)

Note: *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed).

vocabulary, and technical vocabulary served as the reference level, the learn-
ing gains of academic vocabulary and technical vocabulary were significantly
higher than those of nonspecialized vocabulary and administrative vocabulary.
In the meantime, there were no significant differences in the learning gains
of academic vocabulary and technical vocabulary. Nor were there any differ-
ences in the learning gains of nonspecialized vocabulary and administrative
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Table 7: Results of the general linear mixed-effects model for the viewing with
captions group

b SE 95% CI z 14
(Intercept) -3.98 1.12 [-6.17, —1.78] -3.55 0.0004***
Frequency 0.07 0.02 [0.03, 0.11] 3.71 0.0002%***
Vocabulary type (adminis- 0.08 0.54 [-0.98, 1.14] 0.15 0.88
trative vs. nonspecialized)
Vocabulary type (academic 0.58 0.42 [-0.23, 1.40] 1.40 0.16
vs. nonspecialized)
Vocabulary type (technical 0.23 0.47 [-0.69, 1.14] 0.49 0.63
vs. nonspecialized)
Verbal elaboration (implicit -0.04 0.27 [-0.57, 0.49] -0.15 0.88
vs. no verbal elaboration)
Verbal elaboration (explicit -0.26 0.42 [-1.08, 0.55] -0.64  0.52
vs. no verbal elaboration)
Nonverbal elaboration (yes 0.26 0.20 [-0.13, 0.66] 1.30 0.19
VS. No)

Note: *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed).

vocabulary. In the case of reading while listening, Table 6 shows that academic
vocabulary and technical vocabulary had significantly higher learning gains
than nonspecialized vocabulary. However, there were no significant differences
in the learning of academic vocabulary and technical vocabulary, and in the
learning gains of administrative vocabulary and other three kinds of vocabulary.
Taken together, in most cases, academic vocabulary and technical vocabulary
had higher learning gains than nonspecialized vocabulary and administrative
vocabulary. Meanwhile, no significant differences in the learning gains were
found between academic vocabulary and technical vocabulary and between
administrative vocabulary and nonspecialized vocabulary.

5. DISCUSSION
5.1. Vocabulary learning through different input modes

In answer to the first two research questions, although all groups learned the
target words, only the viewing group had significantly higher learning gains
in the immediate posttest than the control group, while the reading, listening,
reading while listening, and viewing with captions groups did not. Similarly,
one week after the treatment, all experimental groups retained the vocabu-
lary learned, but only the viewing group had significantly larger learning gains
than the control group. These findings indicate that viewing led to vocabulary
learning gains at the meaning recall level, but reading, listening, reading while
listening, and viewing with captions did not. The significant gains of the view-
ing group found in this study are consistent with previous studies (Smidt and
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Hegelheimer 2004; Yang and Sun 2013; Dang et al. 2022) which also found the
positive effect of viewing academic lectures on vocabulary learning. However,
expanding on these studies, this study reveals that other input modes (reading,
listening, reading while listening, and viewing with caption) did not lead to
significantly vocabulary learning gains. This finding is surprising because earlier
studies comparing different input modes showed that viewing was just as good
at facilitating vocabulary learning as reading, listening, and reading while listen-
ing (Neuman and Koskinen, 1992; Feng and Webb 2020) or was not as good as
viewing with captions (Neuman and Koskinen 1992; Peters 2019; Teng 2019).

As the first study indicating that viewing might be superior to other input
modes in vocabulary learning at the meaning recall level, this study provides
further insights into the relative value of different input modes on incidental
vocabulary learning when academic lectures are used as L2 input. It suggests
that aural input alone is not likely to make a significant contribution to the
learning of vocabulary in academic lectures. This study found that listening
alone did not lead to significantly greater learning gains than the control group.
This contrasts Vidal’s (2003, 2011) finding that vocabulary learning occurred
through listening to academic lectures. The conflicting results might be because
the current study used an unmodified lecture of 50 minutes. In contrast, Vidal’s
(2003, 2011) lectures were only 14-15 minutes long and modified from authen-
tic sources in which the lecturer read aloud prepared scripts and pretend that
‘she was interacting with the listeners’, and the reading texts were also modified
from written authentic sources (Vidal 2003: 62).

There are several reasons why audio input alone might not lead to the learning
of vocabulary in academic lectures. First, in academic lectures, L2 learners need
to unpack a large amount of dense and abstract information quickly (Flowerdew
1994; Biber 2006). Their capacity of attention might be reduced because of the
information load and lecture length (Wilson and Korn 2007). As a result, they
might not attend to all unknown words in the lecture. Additionally, due to
real-time processing, the participants may not have the opportunities to back-
track the information and attend to unfamiliar words in the input (Flowerdew
and Miller 2005; Ellis ef al. 2008; Vidal 2011). Second, similar to other kinds
of L2 listening, academic listening requires L2 learners to deal with problems
posed by the sound systems (e.g., the mismatch between the spoken and writ-
ten form of the words, connected speech, irregular pauses, false starts, hesita-
tions, stress, and intonation patterns) (Flowerdew 1994; Goh 2000; Field 2011).
These problems are even more serious for L2 learners who have been learning
English in “an idealized, perhaps written, form and have thus not been exposed
to the characteristics of rapid colloquial speech” (Flowerdew 1994: 10) and may
have a greater impact in EFL contexts where learners have a smaller amount of
aural input than those in EFL context (Webb and Nation 2017). The problems
caused by the nature of academic listening, in particular, and L2 listening, in
general, may hinder learners’ comprehension of a lecture, which then decreases
their attention to the unfamiliar words in the input and their ability to infer
unknown words from context. This finding supports VanPatten’s (2007) Input
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Processing Theory that learners would not have sufficient attention resources to
notice the unfamiliar linguistic forms if they are kept busy with processing the
message in the input.

This study also indicates that written input alone is unlikely to significantly
contribute to the learning of vocabulary in academic lectures. The reading
group did not have greater learning gains than the control group. This finding is
different from Vidal’s (2011) finding that learning happened under the reading
condition. However, the reading text in the present study was the transcript of
the academic lecture while Vidal’s reading texts were modified from authen-
tic sources. Moreover, the reading text in this study was much longer (5,871
words) than Vidal’s texts (1,516-1,723 words). The insignificant effect of writ-
ten input alone on vocabulary learning in academic lectures can be explained
by the nature of L2 reading. Compared to aural input alone, the cognitive load
of processing written input may be lighter because L2 learners may have oppor-
tunities to pause and return to the parts of a lecture which they do not under-
stand and adapt the perceptual process to match their needs (Flowerdew 1994).
However, the complexity and length of the academic text and the fact that the
participants had to complete the reading under the time pressure mean that
the cognitive load was still heavy, which may explain the insignificant learning
gains of the reading group.

This study also reveals that in the case of academic lectures, not all kinds
of multimodal input make a significant contribution to vocabulary learning.
Audiovisual input (viewing) led to significant learning gains, but aural plus
written input (reading while listening) and audiovisual input plus written input
(viewing with captions) did not. The positive contribution of audiovisual input
is consistent with the findings of previous research that vocabulary learning
could be learned through viewing TV programs (e.g. Peters and Webb 2018).
However, the fact that aural plus written input (reading while listening) and
audiovisual plus written input (viewing with captions) did not lead to signif-
icant learning gains in the current study is surprising. Previous research has
found that reading while listening better facilitated vocabulary learning than
reading only and listening only (e.g. Brown et al. 2008), and viewing with cap-
tions led to greater vocabulary learning than viewing (Neuman and Koskinen
1992; Peters 2019). The conflicting findings may be because previous studies
used nonacademic input (graded readers and television programs) while the
present study used academic input (academic lectures). Apart from this reason,
the insignificant learning gains of the viewing with captions group might also
be because this study measured vocabulary learning at the meaning recall level.
According to Montero Perez et al. (2014), captioning does not provide precise
information about word meaning; therefore, learners have to construct mean-
ing based on inferring process. However, inferring word meaning is a difficult,
slow, and often unsuccessful process, while in viewing with captions, learners
have to process the information from captions in real time while still keeping
up with the on-screen image and sound. Therefore, they may have little time
to infer the meaning from context and make good use of captions. This burden
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is even greater in the case of academic lectures whose information is highly
abstract and complex.

The relative value of audiovisual input, aural plus written input, and audio-
visual plus written input found in the current study provide further insights
into the multimedia learning theory. To begin with, it indicates that perhaps
the presentation-mode approach is a better approach toward classifying the
two channels for processing information from multimedia input than the sen-
sory-modality approach. According to the presentation-mode approach, writ-
ten forms and aural forms are processed in the same channel (verbal) whereas
visual input is processed in another (nonverbal). Meanwhile, the sensory-mo-
dality approach considers aural input being processed in one channel (audi-
tory) while written input and visual input being processed in another (visual).
According to the multimedia learning theory, processing information from mul-
timedia input through two channels is better than through one channel. This
study found that aural input plus visual input (viewing) led to learning, but
aural input plus written input (reading while listening) did not. This suggests
that aural input and written input is likely to be processed in the same channel
while visual input appears to be processed in another, which supports the pre-
sentation-mode approach.

This study also supports the split-attention and redundancy principles.
According to these principles, processing multimedia learning materials through
one channel will create extraneous cognitive load for learners” working mem-
ory and negatively affect learning, but processing these materials through
both channels will lighten the cognitive load and facilitate learning. This study
showed that combing visual input and aural input (viewing), which belongs
to two different channels, resulted in learning. However, combining written
input and aural input (reading while listening), which were both processed in
the verbal channel, did not. In the case of audiovisual input plus written input
(viewing with captions), although the aural input and visual input were pro-
cessed in two separate channels, the fact that aural input and written input
were processed in the same channel may still create extraneous cognitive load
on the learners” working memory, which explained why learning did not hap-
pen through this mode.

By supporting the split-attention and redundancy principles, this study con-
trasts earlier SLA research which does not support these principles (e.g. Peters
2019; Pellicer-Sanchez et al. 2020). Yet it is important to note that this study
used an unmodified academic input whereas earlier studies used nonacademic
input (graded readers, TV programs). Compared to nonacademic texts, academic
input appears to have a higher level of complexity, and therefore may be more
challenging for the participants to integrate information from multiple sources
of input. As mentioned, when listening to academic lectures, the participants
were under the pressure of processing large amounts of abstract and complex
information spontaneously and at the same time have to decode the meaning
of the input in another language. This would result in extraneous cognitive bur-
dens on their working memory. When visual input was used to support aural
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input, the information was processed in both channels, which helps to lighten
the burdens on participants” working memory. As the result, the participants
could make full use of their capacity for processing information and would be
able to attend and learn the vocabulary in the lecture. However, when writ-
ten input was used to support aural input and audiovisual input, the fact that
written input and aural input were processed in the same channel would add
more burdens to the participants” working memory. The participants may have
to split their attention between written input and aural input but at the same
time have to keep up with the speed of the lecture. Consequently, they may not
have sufficient cognitive resources to notice and learn vocabulary in the lecture.

In this study, on average, the viewing group learned more than four words
and the control group learned just over two words at the meaning recall level.
The relatively small gains of the viewing group do not mean that we should
disregard the value of viewing academic lectures for vocabulary learning. First,
the gains of the viewing group, though small, were still significantly larger than
those of the control group, which indicates that viewing contributes to vocab-
ulary learning. Second, the gains demonstrated in the present study through
viewing may be smaller than occurred. This study only examined the gains at the
meaning recall level and the gains of the target words, but other aspects of the
target words and non-target words could be acquired from repeated exposure
to meaning-focused input (Webb 2020). Moreover, viewing academic lectures
may allow learners to notice how known words are used in specialized contexts
and facilitate their acquisition of their specialized meaning. Third, this study
only examined the viewing of one lecture and the participants only viewed it
once, but the gains may be larger if learners view a series of lectures regularly.
Research has found that exposure to multiple texts led to greater learning gains
than from a single text (Webb and Chang 2015a, 2015b; Rodgers and Webb
2020) and that exposure to the same texts multiple times resulted in greater
gains than exposure to the text once (Pavia ef al. 2020). Last but not least, it
may be challenging to explicitly teach specialized words in EAP courses like the
one examined in the present study because EAP teachers lack discipline-specific
knowledge and the classroom time is limited. Viewing academic lectures in the
students’ target disciplines offer them a good chance to incidentally learn these
words.

5.2. Effects of different variables on vocabulary learning

This analysis revealed that frequency significantly contributed to the learning
of vocabulary in academic lectures in all input modes. That is, the more fre-
quently the target words occurred in the lecture, the more likely they were
to be learned. This is in line with research on incidental vocabulary learning
(Uchihara et al. 2019), and findings of previous studies indicating that frequency
of occurrence significantly contributed to learning gains through listening to
(Vidal 2003, 2011) and viewing academic lectures (Yang and Sun 2013; Dang
etal. 2022).
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This study found that the type of vocabulary significantly predicted the
learning of vocabulary in academic lectures of all groups, except for view-
ing with captions. This finding is consistent with earlier research which
found that the type of vocabulary affected the learning of vocabulary in
academic lectures through listening, reading, and viewing conditions (Vidal
2003, 2011; Yang and Sun 2013). However, expanding on previous research,
this study showed that this pattern also holds true in the case of reading
while listening. This study found that in most cases, academic vocabulary
and technical vocabulary were more likely to be learned than nonspecial-
ized vocabulary and administrative vocabulary; meanwhile, there were no
significant differences in the likelihood of being learned between academic
vocabulary and technical vocabulary and between nonspecialized vocabu-
lary and administrative vocabulary. This finding is likely due to the nature of
these kinds of vocabulary. Technical vocabulary is closely related to the par-
ticipants’ specific subject area (Nation 2013) and academic vocabulary tends
to be used to support or explain technical terms (Coxhead 2020). As they are
closely related to the specialized content of the lecture, technical vocabulary
and academic vocabulary are likely to be attended and learned by the partic-
ipants than administrative vocabulary, which is related to the management
of lectures and courses (Dang 2018), and nonspecialized vocabulary, which
is not related to the specific context of the lecture at all.

This study found that the type of verbal elaboration and nonverbal elabo-
ration did not affect the learning gains in any condition. This contrasts with
the findings of Vidal (2003, 2011) and Yang and Sun (2013) that these factors
significantly contributed to vocabulary learning through reading, listening to,
and viewing academic lectures. The conflicting results may be the lecture in this
study was much longer (50 minutes) than those in Vidal’s studies (14-15 min-
utes) and in Yang and Sun’s study (20-36 minutes). As the participants had to
process large amounts of abstract and complex information for a long time, they
may not make good use of the elaboration clues to learn the words.

The present study has several limitations. First, it only measured knowledge
of single words at the meaning recall level. Second, the data in this study were
limited to the vocabulary occurring in the examined lecture. Therefore, the
findings related to the influence of word-related factors should not be gener-
alized but be treated as a starting point for further investigation. Third, in this
study, we did not ask the participants in the control group to complete the com-
prehension test for several reasons. Our study investigated incidental vocabu-
lary learning, not comprehension. A number of previous studies on incidental
vocabulary learning did not include comprehension tests (e.g. Pellicer-Sanchez
and Schmitt 2010; Feng and Webb 2020; Pavia et al. 2020; Webb and Chang
2020). Therefore, while the comprehension test in our study might not have
been perfect for a comprehension study, it did involve careful piloting and went
far beyond the norm of incidental vocabulary studies. Moreover, the vocabulary
tests took a considerable amount of time. The participants in the control group
did not receive the treatment. Following our institutional ethical guidelines, it
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is not appropriate to ask these participants to devote more time on the compre-
hension test, which was not related at all to their learning materials and activi-
ties. However, not checking the control group’s answers on the comprehension
test is a limitation of the present study.

Several areas need further investigation. First, future research examining
other aspects of vocabulary knowledge and the learning of multiword combina-
tions is needed. Second, apart from the factors examined in this study, research
on the effects of other factors (e.g. cognates) would also be useful to exam-
ine. Third, this study only investigated one academic lecture. Studies investi-
gating how input mode affects vocabulary learning in multiple lectures would
be valuable. Moreover, this study only examined the effect of the lecture itself
on vocabulary learning. In real life, students are often required to complete
a set of required reading before a lecture. It would be useful to explore the
effect of pre-lecture reading on the learning of vocabulary in academic lectures.
Fourth, the viewing, listening, and control groups had higher scores on the
delayed posttest than on the immediate posttest. This indicates that exposure to
the target words in the pretest and immediate posttest may affect the result of
the delayed posttests. Testing effect is a common issue in incidental vocabulary
studies. Future research could probably avoid this problem by counterbalancing
the target items. That is, they could assess knowledge of half of the target items
in the immediate posttest and the other half in the delayed posttest. Last but
not least, focusing on open access academic lectures, this study is among the
few attempts to identify potential sources for incidental learning of specialized
vocabulary. Future research should investigate other resources for L2 learners
to incidentally learn vocabulary.

6. PEDAGOGICAL IMPLICATIONS

Viewing led to vocabulary learning gains at the meaning recall level, but read-
ing, listening, reading while listening, and viewing with captions did not.
This finding suggests that if open access lectures are used as meaning-focused
input for EAP learners, viewing is the best among the five examined input
modes. Moreover, the lack of significant contribution of reading while listen-
ing and viewing with captions indicates that teachers should be mindful when
using transcripts and captions to support L2 learners with academic listening.
Presenting the transcripts or captions while learners listen to or view academic
lectures is likely to create extraneous cognitive load on their working memory
and hinder their vocabulary learning. Topical knowledge and pre-learning have
a positive effect on incidental vocabulary learning (Pellicer-Sénchez et al. 2021;
Pulido 2007). Therefore, before viewing an academic lecture, teachers could
organize pre-viewing activities for learners to read the lecture transcript or texts
related to the content of the lecture. They could also pre-teach the keywords in
the lecture. This study found that academic vocabulary and technical vocabu-
lary are more likely to be learned than nonspecialized vocabulary and admin-
istrative vocabulary when an academic lecture was used as the input. It also
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showed that frequency of occurrence significantly affected incidental vocabu-
lary learning. These findings suggest that academic lectures are useful resources
for L2 learners to learn specialized vocabulary, and teachers should encourage
students to view academic lectures regularly to develop and consolidate their
knowledge of this kind of vocabulary.

7. CONCLUSION

This study is the first to examine the learning of single words in open access
academic lectures through different input modes. It showed that viewing an
academic lecture significantly contributed to the learning gains, but reading,
listening, reading while listening, and viewing with captions did not. The study
also revealed that frequency of occurrences and the type of vocabulary signifi-
cantly affected vocabulary learning, but the type of verbal elaboration and non-
verbal elaboration did not. Overall, this study provides further insights into the
value of open access academic lectures for vocabulary learning and empirical
evidence supporting the multimedia learning theory and its principles.

SUPPLEMENTARY DATA

Supplementary material is available at Applied Linguistics online.

ENDNOTES

1 The Concise Oxford Dictionary of the consultation with a lecturer work-
Mathematics and the Dictionary of ing in the field of engineering and
Algorithms and Data Structures. These technology.

dictionaries were selected based on
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