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Do EMI students benefit from intralingual live subtitles?

Insights from an eye tracking study

Abstract

The use of subtitles to make information accessible is on the increase. Subtitles are already being 
used in films and the news on TV, but they are also on the rise in education, especially in an 
English Medium Instruction (EMI) context. However, just because subtitles are available does not 
automatically mean that they are read or that they are beneficial to all viewers. For this reason, 
this article investigates the impact of intralingual live subtitles on the performance (comprehension 
and memory) of Flemish university students attending an EMI lecture, taking English proficiency, 
motivation, task perception, visual attention and cognitive load (CL) into account. Sixteen Flemish 
students attended four EMI lectures, two of which had subtitles produced by automatic speech 
recognition (ASR) whereas in the other two, subtitles had been created by a respeaker. Results 
show that students performed less good in the subtitled condition.

1 Introduction

EMI or English as medium of instruction is defined as the use of the English language to 
teach academic subjects (other than English itself) in countries or jurisdictions where the 
first language of the majority of the population is not English (Smit 2023).1 According to 
a  variety  of  research  (Fenton-Smith/Humphries/Walkinshaw  2017;  Bolton/Botha/Lin 
2024; Macaro 2024), EMI is growing significantly in Higher Education (HE). One of the 
goals of EMI programs is to remove linguistic barriers or challenges that come with 
globalization, especially for international learners. However, the introduction of EMI may 
result in the creation of new language obstacles for domestic students in place of the 
ones that were removed for international students (Milligan 2020; Sah/Li 2020; Sung 

1 The present study is part of a larger study (Van Gauwbergen/Robert/Schrijver 2025) (with the latter 
focusing on 6 lectures with a higher number of students, but without eye tracking glasses). The present 
study focuses on 4 lectures with a lower number of students (16 instead of 32) and with the use of eye 
tracking glasses (8 pairs of glasses per lecture, worn twice by the same students). Thanks to these 
glasses, visual attention and cognitive load parameters could be added, thus offering another point of 
view than Van Gauwbergen,  Robert  and Schrijver  (2025).  Finally,  Van Gauwbergen,  Robert  and 
Schrijver (2026) is based on a completely different study involving other students and lectures, having 
taken place approximately 1.5 year after the experiments referred to in Van Gauwbergen, Robert and 
Schrijver (2025) and the present study. See also Van Gauwbergen (2025).
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2020; Tsou/Baker 2021; Wijesekera/Hamid 2022; Machin/Ament/Pérez-Vidal 2023). Put 
otherwise,  there might be a language barrier caused by EMI (Galloway/Numajiri/Rees 
2020; Kuteeva 2020).

Live subtitling might be a way to remedy that language barrier. Before explaining 
why, it is important to know what live subtitles are and how they can be created. Contrary 
to ‘traditional’ subtitles (on television for example), which are prepared in advance by a 
subtitler and prerecorded, live subtitles are created in real time during a live event, such 
as a live interview on television, a conference or even a lecture. Live subtitles are often 
intralingual (in the same language as the speaker) but can also be interlingual (in a 
different language). They can be created in a variety of ways. Respeaking is the main 
technique these days for intralingual live subtitles. This is the “technique in which a 
respeaker listens to the original sound of a (live) program or event and respeaks it, 
including punctuation marks [...],  to  a speech recognition software,  which turns the 
recognized utterances into subtitles displayed on the screen with the shortest possible 
delay” (Romero-Fresco 2011: 1). However, there are alternative methods to respeaking 
such as various quick typing techniques or fully automatic speech recognition (ASR), 
where the words of the speaker are directly recognized by the speech recognition soft-
ware and turned into text on screen. Finally, similar to traditional prerecorded subtitles, 
live subtitles can be displayed as a block of two lines, but they can also be displayed as 
a scrolling text on a different screen or as a scrolling text on a single device, like a tablet 
or portable PC.

As stated before, live subtitling might be a way to remove the language barrier in an 
EMI context. The idea to provide lectures with live subtitling is not new. According to 
Nachtrab and Mössner (2017), accessibility services for students with hearing impair-
ments in Germany and Switzerland include intralingual live subtitling of lectures. How-
ever, it is still quite rare and has seldom been researched, as we will show in section 2.2. 
Consequently, the present study aims to investigate whether intralingual live subtitles 
help EMI students to understand and remember the content of a lecture. To do so, it is 
not enough to compare a lecture with and a lecture without subtitles. Indeed, what do 
students actually do during a lecture? Do they look at the lecturer in front of the class, or 
do they look more at the PowerPoint or the subtitles (when available), or are they more 
focused on their own notes? Maybe they are not even paying attention at all and staring 
at the wall or ceiling. In other words, to determine whether live subtitling helps students 
in an EMI lecture, their visual attention needs to be measured. One way to do so is to 
use eye tracking technology. There has been some research on visual attention related 
to subtitling in an educational context (e. g., Kruger/Steyn 2013; Zheng/Ye/Hsiao 2022; 
Malakul/Park 2023; Van Hoecke 2023; Kruger-Marais 2024), but these studies deal with 
prerecorded interlingual subtitling, where the subtitles are often delivered in the native 
language when the lectures themselves are delivered in a second language, and where 
the subtitles have been prepared. In other words, there is to our knowledge no eye 
tracking research on the impact of live subtitling in an EMI lecture taking visual attention 
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into account. Finally, next to visual attention, cognitive load (CL) too must be inves-
tigated. Indeed, according to CL theories, adding verbal visual information to verbal 
auditory information might cause cognitive overload, depending on multiple factors. In 
other words, adding verbal visual information in the form of subtitles to the words of the 
lecturer, the latter being verbal auditory information, might be detrimental to students. In 
conclusion, the aim of this study is to determine whether intralingual live subtitles help 
EMI students to understand and remember the content of a lecture, taking their visual 
attention and cognitive load into account.

Before covering eye tracking studies on the effect of subtitling in education in section 
2.2,  we will  address the theory  on which many researchers  base their  work  when 
investigating the beneficial effects of subtitles on learning, that is, Mayer’s (2014, 2021) 
cognitive theory of multimedia learning.

2 The multimedia learning theory and research on the effect of 
subtitling in education

2.1 The multimedia learning theory

Much of the research into the beneficial effects of subtitles on learning is based on 
Mayer’s  (2014,  2021)  cognitive  theory  of  multimedia  learning  (i. e.,  building  mental 
representations from words and pictures). This theory has three underlying assumptions, 
derived from cognitive science: (1) the dual channel assumption, i. e., humans possess 
separate channels for processing visual and auditory information; (2) the limited capacity 
assumption, i. e., humans are limited in the amount of information that can be processed 
in each channel at one time (due to their limited working memory); and (3) the active 
processing assumption, i. e., humans engage in active learning by attending to relevant 
incoming information using their sensory memory, by organizing selected information 
into coherent mental representations in their working memory, and by integrating mental 
representations with other knowledge from their long-term memory.

The theory also identifies three types of  processings on the learner’s information 
system or capacity during learning: (1) essential processing, (2) extraneous processing, 
and (3) generative processing. Essential processing refers to cognitive processing aimed 
at mentally representing the presented material in working memory and is caused by the 
complexity of the material (also called intrinsic cognitive load). Extraneous processing 
refers to cognitive processing that does not support the instructional goal (also called 
extraneous cognitive load), e. g., induced by the PowerPoint presentation or the way the 
lecturer teaches. And finally, generative processing refers to cognitive processing aimed 
at making sense of the presented material. This is caused by the learner’s motivation to 
learn (see also Darvin/Norton 2021) (also called germane cognitive load).
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The aim of good multimedia instruction is to reduce extraneous load by respecting 
several principles. Examples are the redundancy principle (i. e., avoid presenting an 
additional source of information with nothing new for learners) and the modality principle 
(a mixed-mode – partly visual and partly auditory – presentation of the same information 
is more effective than a single-mode – either visual or auditory – presentation of the 
same information). Other important principles are the temporal and spatial contiguity 
principles, meaning that words and pictures that refer to the same affair  should be 
presented simultaneously and close to each other.

Even more recently, Mayer, Fiorella and Stull (2020) have introduced the “subtitle 
principle” to their list of multimedia education principles, addressing subtitles:

People learn better from a video documentary in their second language when the words are 
printed (or printed and spoken) rather than spoken. Based on research with native speakers, 
the modality principle is that people learn better from graphics with spoken words than 
graphics with printed words (Mayer 2009; Mayer & Pilegard 2014), and the redundancy 
principle is that people learn better from graphics and spoken text than from graphics, spoken 
text, and printed text (Mayer 2009; Mayer & Fiorella 2014). However, when learning from 
video lessons in a second language, these two principles are reversed.

(Mayer/Fiorella/Stull 2020: 847–848)

The reverse modality effect is explained as follows by Mayer, Fiorella and Stull (2020): 
When EFL students watched a video with printed words instead of one with spoken 
words, they did better on a comprehension test. The explanation is that, according to 
Mayer, Fiorelle and Stull (2020: 848), spoken words are “transient whereas printed words 
can be revisited”.  Put  another  way,  when students  encounter  terms in  a  language 
different than their native tongue, they could struggle to understand or recognize them 
and may need to review them. According to Mayer, Fiorella and Stull (2020), printed 
words are more beneficial in this situation since they are available for a longer period of 
time. Because of the reverse redundancy effect, students would gain more from a film 
that combines spoken and written content in a foreign language than from a video that 
only has spoken text. The authors do note, though, that adding subtitles is helpful as 
long as the pacing is moderate enough to avoid taxing working memory.

Additionally, Mayer (2021) also points to academic motivation and metacognition. 
According to him, it is important to consider motivation when investigating multimedia 
learning. Consequently, as we will show in the methodology (see Section 3.2), we used 
an existing scale to measure the academic motivation of the participants. Academic 
motivation  can  be  split  into  intrinsic  motivation  and  extrinsic  motivation.  Intrinsic 
motivation is linked with the desire to do something, while extrinsic motivation is rather 
linked with doing something in order to get a reward (Kotera/Conqay/Green 2021). Mayer 
(2021) also underlines the importance of metacognition, which is often referred to as the 
awareness  and  understanding  of  one’s  own  thinking  process  (Anthonysamy  2021: 
6883). Students who have metacognitive strategies can assess how and when to apply 
a particular strategy to a specific task. Thus, they are aware of their own learning and 
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thinking process and can adjust it as needed and later evaluate it. In this way, they will 
learn more and more efficiently (Anthonysamy 2021: 6883). The combination of following 
lectures in a foreign language (i. e., general subjects; no language courses) with the 
addition of (intralingual) live subtitles creates a new learning experience for students. 
This situation has its implications for the metacognitive processes of the attendees in 
multimedia learning.

2.2 Research on the effect of subtitling in education

In this section, studies looking at the effect of live subtitling on performance will  be 
discussed first, since that point of view coincides with our main research interest. Robert, 
De Meulder and Schrijver (2021) examined the effect of intralingual live subtitling in 
Dutch on Flemish university  students’  performance and perception.  Regarding per-
formance,  students  (N=146)  performed significantly  better  in  a  comprehension  and 
memory test when provided with subtitles than without subtitles. In other words, they did 
not observe any redundancy effect. This was also the case in a similar study by Van 
Gauwbergen, Robert and Schrijver (2024), who examined the effect of intralingual live 
subtitling in English on Flemish Marketing university students’ performance and per-
ception.  In both studies, subtitles were produced by a respeaker. In a follow-up study, 
Van Gauwbergen, Robert and Schrijver (2025) found opposite results while examining 
the effect of intralingual live subtitling in English on Flemish Applied Linguistics university 
students’ performance and perception. In sum, (1) in the study conducted by Robert, De 
Meulder and Schrijver (2021), the subtitles did have a positive effect (no redundancy 
effect) and they were also intralingual but in Dutch, and no eye tracking was used; (2) in 
a similar study conducted by Van Gauwbergen, Robert and Schrijver (2024), the same 
results were found in an EMI context (no reverse redundancy effect), but there were no eye 
tracking measurements either; and in the second study conducted by Van Gauwbergen, 
Robert and Schrijver (2025), results were opposite, with a redundancy effect, and no eye 
tracking was used either.

Since there are only a few studies on live subtitling in an educational context, the 
next focus is shifted towards the effect of pre-recorded subtitling (i. e., in a video lecture) 
on performance and/or  cognitive  load.  Studies discussing a  positive  impact  will  be 
addressed first, followed by the ones discussing no impact, and ending with the ones 
with a negative impact. We acknowledge that there are more video studies, but since 
they were not conducted in a didactic context, i. e., not using students as participants, 
they will not be discussed now, such as, for example, Liao, Kruger and Doherty (2020).

Kruger  and  Steyn  (2013)  conducted  an  experiment  with  first-year  students  in 
psychology, who are second-language speakers of English studying via medium English 
and whose mother tongue is one of the indigenous languages of South Africa. They 
found a  positive  correlation  between comprehension  and reading  English  subtitles, 
showing that  subtitles  are  beneficial,  as  the subtitles  led  to  better  performance on 
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comprehension tests. In another study, Kruger, Hefer and Matthew (2013) argue that if 
learners can successfully connect what they hear with what they see, this can lead to 
supplementation of information rather than redundancy, namely that if students do not 
spend more time on each resource than necessary, their attention is divided and thus 
not “split” as with the split-attention effect. They argue that subtitling actually lowers 
cognitive load because it helps people understand words they may not yet know in a 
foreign language. Vanderplank (1988) also states that students notice more information 
through subtitles  that  would  be  lost  without  subtitles  because they  regularly  fail  to 
understand words. By reading the word, they can understand it faster and store it in a 
schema. In their study, Kruger, Hefer and Matthew (2013) measured pupil dilation and 
deduced whether more or less cognitive load occurs when subtitles are used during 
English as a second language classes compared to when no subtitles are used. They 
argued that the pupil dilation of students with subtitles also correlates with self-reports of 
how well they understood the lesson. In addition, they inferred from their results that 
there was no significant difference between pupil dilation when participants watched the 
subtitles versus when they watched the lecturer. Thus, this implies that watching both 
the subtitles and the lecturer caused equivalent cognitive load. Furthermore, they also 
used EEG, whose data showed that significantly more frustration was measured in the 
group that had taken the lesson without subtitles. Negative emotions, such as frustration, 
can be caused by increased cognitive load (or even cognitive overload) that causes the 
student to become frustrated and dissatisfied with the teaching method (Kruger/Hefer/ 
Matthew 2013). Kruger, Hefer and Matthew (2014) also showed in later research using 
objective measurements (EEG and eye tracking) and subjective measurements (sur-
veys) that subtitles, regardless of type, did not cause cognitive overload (Kruger/Hefer/
Matthew 2013, 2014). This means that mental working memory resources still remain to 
process intrinsic cognitive load (Baranowska 2020). Baranowska (2020) has also shown 
in her study that native language subtitles reduce cognitive load more than intralingual 
(English)  subtitles.  The  students  who  had  to  follow  the  lesson  without  subtitles 
experienced the highest cognitive load. Zheng, Ye and Hsiao (2022) tested whether 
adding video and subtitles to an audio file of a L1-Chinese lecture would make it more 
understandable. Results show that only adding subtitles to the audio, and not the video, 
resulted in the audio lectures being easier to understand. Similarly, Kruger-Marais (2024) 
compared seven student participants in the Faculty of Natural and Agricultural Sciences 
at the University of Pretoria and concluded that the participants remembered certain 
concepts from the videos better when their focus was on the subtitles themselves.

A study that combines EMI and subtitles was conducted by Van Hoecke, Schrijver 
and Robert (2022). They examined the effect of pre-recorded English and Dutch sub-
titling of an EMI lecture on comprehension, as tested by a comprehension test. The 
results showed that there were no significant differences between the two conditions, 
i. e., video with or without subtitles. Besides, there was no difference either between the 
comprehension test scores of participants being offered (L2) English subtitles and those 
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with (L1) Dutch subtitles. In other words, there was neither a reverse redundancy effect 
nor a redundancy effect. According to Van Hoecke, Schrijver and Robert (2022), should 
there have been a significant difference between the two languages, it could be due to 
how well the students mastered the languages. For example, it could be possible that 
the students understood more of the Dutch subtitles than the English ones since they 
had a better command of Dutch, their native language. The other studies with no impact 
addressing subtitling in an educational context do not focus on EMI specifically. For 
example, Matthew (2019) indicates that subtitles do not have a significant effect on 
performance, but that the difference is rather between different types of subtitles and 
how they are composed.

Finally,  Diao,  Chandler  and  Sweller  (2007)  believe  that  subtitling  leads  to  the 
redundancy and split-attention effect.  The redundancy effect  involves additional  un-
necessary extrinsic cognitive load when the same information is presented in different 
ways or through different modes. Therefore, due to this extra extrinsic cognitive load, 
there would be less germane cognitive load available to acquire schemas. Thus, they 
argue that adding subtitles will only create redundancy, as the same information will then 
be presented twice. Because they have to divide their attention, students would ex-
perience higher cognitive load when subtitles are used (Mayer/Heiser/Lonn 2001).

In short, it is clear that much research has been conducted on the impact of subtitles 
on students’ comprehension and memory in video lectures, but very little in a live context, 
that is, with live subtitles. Our study aims to fill  that gap, while also taking relevant 
additional aspects into account, as shown in the literature review, such as motivation and 
English  proficiency.  In  other  words,  we  will  try  to  answer  the  following  research 
questions:

(1) Do live subtitles positively impact students’ performance attending an EMI lecture?

(2) If so, how about the impact of additional relevant factors, such as motivation, English 
proficiency, perception and visual attention?

(3) When live subtitles are provided, does visual attention to the subtitles impact per-
formance? How about the difference between live subtitles produced by a respeaker 
and automatically (ASR)?

3 Methodology

3.1 Experimental design

To measure the impact of live subtitling on performance in an EMI lecture by taking into 
account  perception,  visual  attention  and cognitive  load,  we conducted a  four-week 
experiment in which students were asked to follow two EMI lectures wearing Tobii Pro 3 
eye tracking glasses. The present study is part of a larger study of Van Gauwbergen, 
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Robert and Schrijver (2025) focusing on 6 lectures with a higher number of students, but 
without eye tracking glasses.

For  the  present  eye tracking  study,  lectures  of  a  Research Skills  course were 
delivered in English with intralingual live subtitling, using both respeaking and ASR. The 
eye tracking experiment took place from week 3 to week 6 of the second semester of 
academic  year  2021–2022  in  the  bachelor  Applied  Linguistics  at  the  University  of 
Antwerp. The lectures were attended by students who study English and students who 
do not study English. The first lecture was taught by a native English teacher, while the 
next three were taught by a Belgian teacher.2 In other words, a total of 4 lectures were 
examined in the eye tracking experiment, i. e., one lesson per week. As shown in Fig. 1, 
subtitles using respeaking and ASR were alternated each week. During lecture 1 and 3, 
respeaking was used,  and during lecture  2  and 4,  ASR was used.  Throughout  all 
lectures, subtitled and unsubtitled sections alternated in a counterbalanced order. At the 
end of each lecture, students completed a performance and perception online ques-
tionnaire. The EMI lectures were divided into four parts,3 as shown in Fig. 1.

An experienced respeaker delivered the live subtitling through respeaking. She used 
the speech recognition software Dragon Professional Individual version 11. Wearing a 
microphone mask, she was working on-site in the same room as the students, listening 
to the lecture directly without the use of an extra audio device. The teacher displayed the 
PowerPoint slides with the intralingual subtitles (scrolling, word-by-word, over two lines) 
using a Text-on-Top wireless captioning system. The necessary PowerPoint slides were 
provided to the respeaker prior to the related lecture so that she could familiarize herself 
with the terms and make Dragon ready for the assignment. The Microsoft PowerPoint 
built-in function was used to generate the subtitles that were delivered via ASR.

Part L1 L2 L3 L4 Duration

1 Respeaking ASR No subtitles No subtitles 20 min

2 No subtitles No subtitles Respeaking ASR 20 min

BREAK 15 min

3 Respeaking ASR No subtitles No subtitles 20 min

4 No subtitles No subtitles Respeaking ASR 20 min

5 Questionnaire Questionnaire Questionnaire Questionnair
e

10 min

Fig. 1: Lectures’ structure

2 As the lectures were planned as a part of a series of 6 lectures instead of 4, 3 lectures were planned  
for each lecturer. Moreover, the experiments took place during a real lecture series.

3 The questionnaire could be considered as a fifth part.
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3.2 Material

To measure performance, we made sure that the length of the unsubtitled and subtitled 
parts of each lecture was comparable and that each lecture's subtitled and unsubtitled 
segments formed a coherent, well-rounded unit of information. We included an equal 
number of questions about the topic in unsubtitled and subtitled sections. 16 questions 
were used to  evaluate  performance (four  questions  for  each part,  which  implies  8 
questions for the condition with subtitles and 8 questions for the condition without). Every 
question had the same structure, with five multiple-choice possibilities and a single valid 
response.

In addition, drawing on the recommendations of Mayer (2021) regarding Multimedia 
Learning (see section 2.1), we also included a measure of motivation. The students 
completed  an  academic  motivation  measure  that  was  divided  into  two  categories: 
extrinsic and intrinsic (Kotera/Conway/Green 2021). Extrinsic motivation is more closely 
associated with acting to obtain a reward than it is with the desire to accomplish a task, 
as this is the case with intrinsic motivation.

As stated before, as research into EMI has shown that English proficiency can impact 
comprehension  (Richards/Pun  2022),  the  students  also  took  an  online  English 
proficiency test. To assess their listening proficiency, we used the listening part of the 
50-minute Education First Standardized English Test (EF SET n. d.). To assess their 
linguistic  proficiency  in  general,  we  used  the  3000,  4000  and  5000  level  of  the 
Vocabulary Levels Test (Schmitt/Schmitt/Clapham 2001), from which we made the sum 
of the three scores. The latter is a measure of vocabulary size (Van Hoecke 2023).

To measure task perception, the students responded to questions regarding their 
perception of content difficulty, their reading behavior, the helpfulness of the subtitles, 
and the quality of the subtitles. Based on Leppink and van den Heuvel (2015), questions 
on perceived intrinsic cognitive load and perceived extrinsic cognitive load were also 
added.

Finally,  eye  tracking  glasses  were  primarily  used  to  measure  visual  attention. 
Students wore Tobii Pro 3 eye tracking glasses so that their visual attention and cognitive 
load could be measured. For the data analysis of the eye tracking data, the program 
Tobii Pro Lab was used to annotate eye tracking data from 16 students, covering 4 hours 
of data per student, resulting in a total of 64 hours. Several steps had to be followed to 
bring the data analysis to a successful conclusion. These steps are discussed below, 
since there is very little research with eye tracking glasses in education and subtitling 
research, which means that researchers might not be aware of the workload of moving 
AOIs (“dynamic AOIs”, Areas of Interest) in comparison to a “traditional” remote eye 
tracker.

First, the eye tracking recordings had to be uploaded into the program Tobii Pro Lab. 
Next, a time of interest (TOI) had to be inserted. We created a TOI for each part of the  
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lecture. Then, we created 4 different AOIs, i. e., “subtitles”, “lecturer”, “PPT” and “notes”. 
This was done by drawing a frame around the subject to be examined. These AOIs must 
constantly cover the subject to be examined and therefore had to be moved manually 
throughout the recording. When the subject under investigation was not in view, the AOI 
had to be set to inactive. The next step was to play back the recording and ensure that 
the  AOIs  constantly  covered  the  subjects  being  examined.  This  was  quite  time-
consuming, since the program quickly locked up, requiring to manually go back frame by 
frame to the moments when motion was detected. The extended duration for this task is 
due to the complexity of the fact that approximately 4 hours are required to annotate 1 
hour, this equals 256 hours of annotation, equivalent to around 2 full working months.

After the analysis in Tobii Pro Lab was finished, different metrics were exported into 
an Excel  file.  In  particular,  we focused on the following metrics  to  measure visual 
attention:

(1) fixation count: the number of fixations inside an AOI

(2) total fixation duration: total duration of the fixations inside an AOI during an interval

(3) average fixation duration: the average duration of a fixation inside an AOI

(4) visit4 count: the number of visits occurring in an AOI

(5) total visit duration: the total duration of the visits inside an AOI during an interval

(6) average visit duration: the average duration of the visits inside an AOI during an 
interval

(7) relative visit duration: the percentage of the time spent in an AOI (based on total visit 
duration) compared to the total duration of the TOI.

4 Results and discussion

In this section, two series of linear mixed models will be reported. The first series of 
models focuses on the general effect of the condition on the performance. In other words, 
we will analyze the impact of subtitles (via respeaker or ASR) and no subtitles on the 
performance, while also considering a series of other potential predictor variables, such 
as English proficiency, motivation, visual attention and CL (RQ1 and RQ2). In the second 
series of models (RQ3), we will zoom in on the subtitled condition, since visual attention 
to the subtitles cannot be included in the non-subtitled condition.

4 A visit corresponds to “all the data between the start of the first fixation inside an AOI to the end of the 
last fixation in the same AOI. From the first fixation inside the AOI until the last fixation inside the AOI, 
all data is considered as part of the AOI visit (even saccades, blinks or invalid gaze data)” (Tobii 2021).
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4.1 RQ1: Effect of condition on performance

We started with a first Linear Mixed Model with the performance scores as the dependent 
variable and the condition (subtitled via respeaking, subtitled via ASR, or unsubtitled) as 
fixed effect, and the participants, the lectures and the teacher as random effects, i. e., 
with 5 parameters (performance score, condition, lectures, teacher, and ID from the 
participants). We added the participant IDs as a random effect, since performance scores 
partially come from the same participants and we added the lectures and the teachers 
as random effect since they can have an impact on the results. The current model had a 
-2 Log Likelihood of 220.37.

Results show that the condition, i. e., subtitled lecture versus unsubtitled lecture, 
significantly predicted the performance score, F(2,42.80) = 6.42, p = 0.004. Estimations 
of fixed effects can be found in Appendix 1. Students performed better in the unsubtitled 
condition than in both subtitled conditions.  Stated differently,  participants performed 
worse with subtitles, and even worse with ASR than with respeaking, as illustrated in 
Fig. 2.

Fig. 2: Effect of the condition on the performance score in the 4 lectures with eye tracking

4.2 RQ2: Effect of relevant additional factors

In a next step, we successively added a series of variables that can potentially have an 
impact on performance, as shown in the literature. In other words, our models are theory 
driven. We started with academic motivation by adding it to the previous model (section 
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4.1) as a fixed effect, but the model was not significantly better, and the factor was not  
significant.

Next, we addressed English proficiency. First, we added the variable of studying 
English (or not), but again, the model was not better, and the factor was not significant. 
Second, we looked at English proficiency measured through the vocabulary test and the 
listening comprehension test (see 3.2). The first model consisted of 6 parameters instead 
of 5, resulting in a -2 Log Likelihood of 216.16. In other words, this model was significantly 
better than the previous one: the difference in -2 Log Likelihood is 4.21, whereas the 
minimal difference with 1 degree of freedom (6 parameters compared to 5 parameters in 
the previous model) is 3.84 at p = 0.05. Results show that the score on the vocabulary 
test significantly predicted the performance score positively, F(1,31.27) = 4.50, p = 0.04. 
Estimations of fixed effects can be found in Appendix 2. We also created an alternative 
model with listening comprehension as fixed effect (instead of vocabulary), but it did not 
improve the model, and the factor was not significant.

Before turning to eye tracking measures and thus measures of visual attention, we 
added a series of perception variables in the model, as described in section 3.2: intrinsic 
and  extrinsic  motivation,  perceived  reading  behavior,  perceived  usefulness  of  the 
subtitles, perceived quality of the subtitles, perceived content difficulty of the lecture, 
perceived intrinsic and extraneous CL. However, none of these variables improved the 
model or was a significant predictor of performance.

The final  step was to look at the eye tracking data. We successively added all 
measurements of visual attention (fixation count, total fixation duration, average fixation 
duration, visit count, total visit duration, average visit duration, relative visit duration) per 
AOI into this model, except for the AOI “subtitles”. Since we were still comparing the two 
conditions (respeaking vs. ASR), we could not include visual attention to the subtitles, 
because in the unsubtitled condition, there was zero visual attention to subtitles.

Total fixation duration, average fixation duration, and fixation count for the AOI’s 
“PowerPoint” and “Lecturer” were never significant predictors of performance. In other 
words, visual attention to the PowerPoint or to the lecturer did not impact performance, 
whatever the condition. However, visual attention to the notes was a significant predictor 
of performance. The best model was the one including the visit count to the AOI “notes”. 
This model had a -2 Log Likelihood of 208.06 with 7 parameters, which makes it a 
significantly better fit than the previous one with 6 parameters.
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Fig. 3: Effect of visit count in notes of the students on performance

As shown in Fig. 3, the visit count to the notes significantly predicted the performance 
score positively, F(1,58.87) = 9.05, p = 0.004. Estimations of fixed effects can be found 
in Appendix 3. Indeed, one could expect that looking more often at notes during class 
would be beneficial for comprehension and memory tests after class. This demonstrates 
metacognitive skills,  as students might  be aware that  taking notes helps to remain 
attentive and to process information. In other words, metacognitive skills can come in 
handy during a multimedia lecture. However, it has to be noted that there is no significant 
interaction between the condition and the visit count to the notes, which means that the 
condition does not significantly change the effect of the visual attention to the notes on 
performance.

In sum, we see that, in this first part, in addition to the condition (with subtitles 
associated with a lower performance), vocabulary and visual attention to the notes are 
both  significant  predictors  of  performance  (this  time  both  associated  with  a  better 
performance). However, there is no interaction between these predictor variables.
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4.3 RQ3: Focus on performance in the subtitled condition

In this Linear Mixed Model, we excluded the unsubtitled condition and focused on the 
parts of the lecture provided with subtitles. First, we added the performance scores as 
the dependent variable and the condition (subtitled via respeaking versus subtitled via 
ASR) as fixed effect. This model had a -2 Log Likelihood of 118.53, but not one of the 
two production methods significantly predicted the performance scores, which means 
there is no difference between the subtitles via respeaking and the subtitles via ASR. 
Indeed, in the perception survey about quality and usefulness, both subtitles via ASR 
and subtitles via respeaking obtained an average of 2.37 on a scale of 5. Although both 
parameters were surveyed separately, they thus both obtain the same score. This means 
that – regarding perception as well – there is no difference between the two production 
methods as far as quality/usefulness is concerned. This might sound surprising, since 
subtitles produced by respeakers are generally considered to have a higher quality than 
fully automatic ones (Ruiz-Arroyo et al. 2024). Next, as in the previous section, we added 
all potential predictor variables one by one to the model, in particular the visual attention 
measures to the subtitles. However, no variable improved the model, except one: the 
total fixation duration in the notes. This second model had a -2 Log Likelihood of 106.06. 
In other words, in contrast with the previous results, there was no impact of English 
vocabulary or visit count in the notes of the students here. Results show that the total 
fixation duration in the notes significantly predicted the performance score positively, 
F(1,27.00) = 4.82,  p = 0.04. Indeed, just as seen with the visit count in the notes in 
section  4.2,  one  could  expect  that  looking  longer  at  notes  during  class  would  be 
beneficial for comprehension and memory tests after class, which is again the case.

In sum, the result  of  this  last  model  is  two-fold.  On the one hand,  there is  no 
difference regarding impact on performance between both subtitle production methods 
(respeaker versus ASR). This effect persists when considering another – and last – way 
to look at the two different production methods, but this time from a perception point of 
view: the perceived extraneous cognitive load. As explained in section 2.1, cognitive load 
consists  in  intrinsic  and extraneous CL,  where extraneous load can be seen as  a 
distraction from the intended learning, such as, for example, subtitles that disturb you on 
(a PowerPoint) screen, hence the reason to look at perceived extraneous cognitive load. 
The subtitles produced by respeaking caused a perceived extraneous load of 2.04 on a 
scale of 5, while the subtitles produced by ASR averaged an amount of 2.50 (descriptive 
numbers). On the other hand, visual attention to the subtitles was not a predictor of  
performance, in other words, in the subtitled parts of the lectures, whether students 
looked more or less at the subtitles did not impact their performance. Consequently, one 
might state that in the subtitled condition, there was no reverse redundancy effect, but 
no redundancy effect either. Hence, we might conclude that the subtitles did not have 
such a disturbing effect as previously expected when comparing both lecture conditions.
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Fig. 4: Effect of total fixation duration in the notes of the student on the performance score

In conclusion, we can state, that on the one hand, there was no significant difference 
between the two production methods, and on the other hand, that it is still unclear why 
performance with subtitles was worse than without. The reason might be a redundancy 
effect, although the subtitles are in the foreign language and a reverse redundancy effect 
could be expected (see section 2.1). What might be another explanation (as illustrated 
by Figs. 5–9) is that students engage very little with subtitles, as compared to other AOIs 
such as their notes, the lecturer, and the PowerPoint. This is also confirmed by the 
perception  questionnaire,  which  showed  that  student  indicated  a  low  self-reported 
engagement with the subtitles (2.03 on a scale of 5). Although the use is thus very low, 
the subtitles are being used and probably cause a redundancy effect.
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Fig. 5: Relative visit duration in the AOI’s (Total visit duration compared to total duration of the 
TOI)

Fig. 6: Total fixation dureation in the AOI’s
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Fig. 7: Fixation count in the AOI’s

Fig. 8: Visit count in the AOI’s
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Fig. 9: Average fixation duration in the AOI’s

One final note related to the engagement with the subtitles during the lectures: We found 
no  significant  correlation  between the  self-reported attention  to  the  subtitles  in  the 
questionnaires after the lecture (survey to measure task perception mentioned in 3.2) 
and the real measures obtained through the eye tracking data (average visit duration in 
the AOI ‘Subtitles’, relative visit duration in the AOI ‘Subtitles’, total visit duration in the 
AOI ‘Subtitles’, mean fixation duration in the AOI ‘Subtitles’, total fixation duration in the 
AOI ‘Subtitles’, fixation count in the AOI ‘Subtitles’, and visit count in the AOI ‘Subtitles’). 
In other words, the students do not necessarily behave like they think or indicate they 
do. However, both the self-reported and objective measures indicated little engagement 
with the subtitles, but the two measurement methods were not completely in sync.

5 Conclusion

The aim of this study was to investigate if Flemish Applied Linguistics EMI students 
benefit from intralingual live subtitling. To do so, we conducted an eye tracking study.

Regarding the impact of the subtitles on the performance, the findings demonstrate 
that, on average, when considering all lectures taken together, students’ performance 
with subtitles was significantly lower than their performance without them. This effect 
persisted even when considering other significant predictors of the performance score, 
i. e., vocabulary and visual attention to the notes, which had a positive impact on per-
formance.  However,  we  could  not  find  a  significant  interaction  effect  between  the 
different predictors. In addition, other potential predictors were not significant: motivation, 
task perception, cognitive load and visual attention to the lecturer or the PowerPoint.
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The negative impact of subtitles on student performance suggests the presence of 
a redundancy effect rather than a modality effect. However, it is essential to interpret 
these results with caution since the students minimally engaged with the subtitles during 
the lectures. Furthermore, students exhibited an indifferent stance towards the intra-
lingual live subtitles, expressing overall neutrality regarding the overall utility/quality of 
the subtitles. This might mean that the students did not use the subtitles because they 
might  have  distracted  them,  which  was  obviously  not  the  case  in  the  unsubtitled 
condition, where they performed better. Consequently, there could be a link between 
metacognitive skills and distraction. Finally, in the subtitled condition, the visual attention 
to the subtitles was not a predictor of performance.

In follow-up research, in addition to testing the effect of intralingual live subtitling in 
front of another audience, other objective cognitive load measurement methods could be 
used, such as physiological measurement methods, where heart rate or galvanic skin 
response are measured to determine cognitive load.

References

Anthonysamy, Lilian (2021): “The use of metacognitive strategies for undisrupted online learning: 
Preparing  university  students  in  the  age  of  pandemic.”  Education  and  Information 
Technologies 26: 6881–6899 – https://doi.org/10.1007/s10639-021-10518-y

Baranowska, Karolina (2020): “Learning most with least effort: subtitles and cognitive load.” ELT 
Journal 74 [2]: 105–115 – https://doi.org/10.1093/elt/ccz060

Bolton,  Kingsley;  Werner  Botha,  Benedict  Lin  (2024):  “English-medium instruction  in  higher 
education worldwide.” Kingsley Bolton, Werner Botha, Benedict Lin (eds):  The Routledge 
handbook of English-medium instruction in higher education. London: Routledge, 1–17 –
https://doi.org/10.4324/9781003011644-1

Darvin, Ron; Bonny Norton (2021): “Investment and motivation in language learning: What’s the 
difference?” Language Teaching 56 [1]: 29–40 –
https://doi.org/10.1017/S0261444821000057

Diao, Yali; Paul Chandler, John Sweller (2007): “The effect of written text on comprehension of 
spoken English as a foreign language.” The American Journal of Psychology 120 [2]: 237–
261

EF SET (n. d.): “The leading English test for free online certification.” EF SET –
https://www.efset.org/

Fenton-Smith, Ben; Pamela Humphries, Ian Walkinshaw (2017): English medium instruction in  
higher education in Asia Pacific: From policy to pedagogy. London: Springer –
https://doi.org/10.1007/978-3-319-51976-0

Galloway, Nicola; Takuya Numajiri, Nerys Rees (2020): “The ‘internationalisation’, or  ‘English-
isation’, of higher education in East Asia.” Higher Education 80 [3]: 395–414 –
https://doi.org/10.1007/s10734-019-00486-1

Kotera, Yasuhiro; Elaine Conway, Pauline Green (2021): “Construction and factorial validation of 
a short version of the Academic Motivation Scale.” British Journal of Guidance & Counselling 
51 [2]: 274–283 – https://doi.org/10.1080/03069885.2021.1903387

Kruger, Jan-Louis; Faans Steyn (2013): “Subtitles and eye tracking: reading and performance.” 
Reading Research Quarterly 49 [1]: 105–120 – https://doi.org/10.1002/rrq.59

https://doi.org/10.1007/s10639-021-10518-y
https://doi.org/10.1002/rrq.59
https://psycnet.apa.org/doi/10.1080/03069885.2021.1903387
https://doi.org/10.1007/s10734-019-00486-1
https://doi.org/10.1007/978-3-319-51976-0
https://www.efset.org/
https://doi.org/10.1017/S0261444821000057
https://doi.org/10.4324/9781003011644-1
https://doi.org/10.1093/elt/ccz060


Yanou Van Gauwbergen & Isabelle S. Robert & Iris Schrijver trans-kom 19 [1] (2026): 389–414
Do EMI students benefit from intralingual live subtitles? Seite 408
Insights from an eye tracking study

Kruger, Jan-Louis; Esté Hefer, Gordon Matthew (2013): “Measuring the impact of subtitles on 
cognitive  load:  Eye  tracking  and  dynamic  audiovisual  texts.”  Proceedings  of  the  2013 
Conference on Eye Tracking South Africa. New York: Association for Computing Machinery, 
62–66 – https://doi.org/10.1145/2509315.2509331

Kruger, Jan-Louis; Esté Hefer, Gordon Matthew (2014): “Attention distribution and cognitive load 
in a subtitled academic lecture: L1 vs. L2.” Journal of Eye Movement Research 7 [5]: 1–15 – 
https://doi.org/10.16910/jemr.7.5.4

Kruger-Marais, Elmarie (2024): “Subtitling for language acquisition: Eye tracking as predictor of 
attention allocation in education.” International Journal of Language Studies 18 [2]: 129–150

Kuteeva, Maria (2020): “Revisiting the  ‘E’ in EMI: Students’ perceptions of standard English, 
lingua franca and translingual practices.”  International Journal of Bilingual Education and 
Bilingualism 23 [3]: 287–300 – https://doi.org/10.1080/13670050.2019.1637395

Leppink, Jimmie; Angelique Van Den Heuvel (2015): “The evolution of cognitive load theory and 
its application to medical education.” Perspectives on Medical Education 4 [3]: 119–127 – 
https://doi.org/10.1007/s40037-015-0192-x

trans-kom ISSN 1867-4844

trans-kom ist eine wissenschaftliche Zeitschrift für Translation und Fachkommunikation.

trans-kom veröffentlicht Forschungsergebnisse und wissenschaftliche Diskussionsbeiträge zu Themen 
des Übersetzens und Dolmetschens, der Fachkommunikation, der Technikkommunikation, der Fach-
sprachen, der Terminologie und verwandter Gebiete.

Beiträge können in deutscher, englischer, französischer oder spanischer Sprache eingereicht werden. 
Sie müssen nach den Publikationsrichtlinien der Zeitschrift gestaltet sein. Diese Richtlinien können von 
der trans-kom-Website heruntergeladen werden. Alle Beiträge werden vor der Veröffentlichung 
anonym begutachtet.

Das Urheberrecht liegt bei den Autoren.

trans-kom wird ausschließlich im Internet publiziert: https://www.trans-kom.eu

Redaktion

Leona Van Vaerenbergh Klaus Schubert
University of Antwerp Universität Hildesheim
Arts and Philosophy Institut für Übersetzungswissenschaft
Applied Linguistics / Translation and Interpreting und Fachkommunikation
O. L. V. van Lourdeslaan 17/5 Universitätsplatz 1
B-1090 Brussel D-31141 Hildesheim
Belgien Deutschland

Leona.VanVaerenbergh@uantwerpen.be klaus.schubert@uni-hildesheim.de

Franziska Heidrich-Wilhelms Sylvia Jaki
Universität Hildesheim KU Leuven
Institut für Übersetzungswissenschaft Faculty of Arts
und Fachkommunikation Antwerp Campuses
Universitätsplatz 1 Translation Studies Research Unit
D-31141 Hildesheim Sint-Jacobsmarkt 49–51
Deutschland B-2000 Antwerpen

Belgien

franziska.heidrich@uni-hildesheim.de sylvia.jaki@kuleuven.be

https://doi.org/10.1007/s40037-015-0192-x
https://doi.org/10.1080/13670050.2019.1637395
https://doi.org/10.16910/jemr.7.5.4
https://doi.org/10.1145/2509315.2509331
https://www.trans-kom.eu/
mailto:Leona.VanVaerenbergh@uantwperpen.be
mailto:klaus.schubert@uni-hildesheim.de
mailto:franziska.heidrich@uni-hildesheim.de
mailto:sylvia.jaki@kuleuven.be


Yanou Van Gauwbergen & Isabelle S. Robert & Iris Schrijver trans-kom 19 [1] (2026): 389–414
Do EMI students benefit from intralingual live subtitles? Seite 409
Insights from an eye tracking study

Liao,  Sixin;  Jan-Louis  Kruger,  Stephen  Doherty  (2020):  “The  impact  of  monolingual  and 
bilingual subtitles on visual attention, cognitive load, and comprehension.”  The Journal of  
Specialsed Translation 33: 70–98

Macaro,  Ernesto (2024):  “English-medium instruction:  Theoretical  and applied perspectives.” 
Kingsley Bolton, Werner Botha, Benedict Lin (eds):  The Routledge  handbook of English-
Medium instruction in higher education. Routledge, 21–34 –
https://doi.org/10.4324/9781003011644-3

Machin,  Elizabeth;  Jennifer  Ament,  Carmen Pérez-Vidal  (2023):  “Motivation and investment: 
Exploring  the  choice  of  English-medium  instruction  for  mid-degree  undergraduates  in 
Catalonia.” Journal of English-Medium Instruction 2 [1]: 79–100 –
https://doi.org/https://doi.org/10.1075/jemi.22002.mac

Malakul,  Sivakorn;  Innwoo  Park  (2023):  “The  effects  of  using  an  auto-subtitle  system  in 
educational videos to facilitate learning for secondary school students: learning compre-
hension,  cognitive load,  and satisfaction.”  Smart  Learning Environments 10 [4]:  1–17  – 
https://doi.org/10.1186/s40561-023-00224-2

Matthew, Gordon (2019): Measuring the cognitive load induced by subtitled audiovisual texts in 
an educational context. Doctoral dissertation. Potchefstroom: North-West University

Mayer, Richard E. (2014): “Cognitive theory of multimedia learning.” Richard E. Mayer (ed.): The 
Cambridge handbook of multimedia learning. New York: Cambridge University Press, 43–71

Mayer, Richard E. (2021): Multimedia learning. 3rd edn. New York: Cambridge University Press
Mayer,  Richard  E.;  Julie  Heiser,  Steve  Lonn  (2001):  “Cognitive  constraints  on  multimedia 

learning:  When  presenting  more  material  results  in  less  understanding.”  Journal  of  
Educational Psychology 93 [1]: 187–198 – https://doi.org/10.1037/0022-0663.93.1.187

Mayer, Richard E; Logan Fiorella, Andrew Stull (2020): “Five ways to increase the effectiveness 
of instructional video.”  Educational technology research and development 68: 837–852  – 
https://doi.org/10.1007/s11423-020-09749-6

Milligan, Lizzi O. (2020): “Towards a social and epistemic justice approach for exploring the 
injustices of English as a medium of instruction in basic education.” Educational Review 74 
[5]: 927–941 – https://doi.org/10.1080/00131911.2020.1819204
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Appendices

Appendix 1: Estimations of fixed effects model including effect of condition

Fixed Effects

Type III Tests of Fixed Effects

Source Numerator df Denominator df F Sig.

Intercept 1 35,831 557,578 <,001

Condition_3 2 42,800 6,422 ,004

a. Dependent Variable: Score.

Estimates of Fixed Effects

Parameter Estimate
Std. 
Error df t Sig.

95 % Confidence Interval

Lower 
Bound Upper Bound

Intercept 3,937 ,338 61 11,632 <,001 3,260 4,613

[Condition_3=,00] 1,345 ,383 42,139 3,510 ,001 ,572 2,118

[Condition_3=1,00] ,752 ,472 60,780 1,592 ,117 -,193 1,696

[Condition_3=2,00] 0b 0 . . . . .

a. Dependent Variable: Score.

b. This parameter is set to zero because it is redundant.
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Appendix 2: Estimations of fixed effects Model including the vocabulary test

Fixed Effects

Type III Tests of Fixed Effects

Source Numerator df Denominator df F Sig.

Intercept 1 31,382 2,800 ,104

Condition_3 2 43,557 6,347 ,004

Eng_Prof90_Vocab 1 31,274 4,502 ,042

a. Dependent Variable: Score.

Estimates of Fixed Effects

Parameter Estimate Std. Error df t Sig.

95 % Confidence Interval

Lower 
Bound Upper Bound

Intercept 1,377 1,259 33,511 1,094 ,282 -1,183 3,936

[Condition_3=,00] 1,326 ,380 42,654 3,492 ,001 ,560 2,092

[Condition_3=1,00] ,715 ,460 60 1,553 ,126 -,206 1,635

[Condition_3=2,00] 0b 0 . . . . .

Eng_Prof90_Vocab ,036 ,017 31,274 2,122 ,042 ,001 ,071

a. Dependent Variable: Score.

b. This parameter is set to zero because it is redundant.
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Appendix 3: Estimations of fixed effects including visual attention to the notes

Fixed Effects

Type III Tests of Fixed Effects

Source Numerator df Denominator df F Sig.

Intercept 1 32,201 ,454 ,505

Condition_3 2 42,151 8,956 <,001

Eng_Prof90_Vocab 1 30,041 5,901 ,021

VC_Notes 1 58,873 9,051 ,004

a. Dependent Variable: Score.

Estimates of Fixed Effects

Parameter Estimate Std. Error df t Sig.

95 % Confidence Interval

Lower 
Bound Upper Bound

Intercept ,236 1,296 33,789 ,182 ,856 -2,399 2,872

[Condition_3=,00] 1,355 ,343 40,363 3,949 <,001 ,662 2,048

[Condition_3=1,00] ,525 ,435 59 1,207 ,232 -,345 1,395

[Condition_3=2,00] 0b 0 . . . . .

Eng_Prof90_Vocab ,041 ,017 30,041 2,429 ,021 ,007 ,076

VC_Notes ,009 ,003 58,873 3,009 ,004 ,003 ,016

a. Dependent Variable: Score.

b. This parameter is set to zero because it is redundant.
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