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Note-taking effort in video remote interpreting: effects of
source speech difficulty and interpreter work experience
Huolingxiao Kuang and Binghan Zheng

School of Modern Languages and Cultures, Durham University, Durham, United Kingdom

ABSTRACT
This paper reports on an investigation of the interactions
between source speech difficulty, interpreters’ work experience
and their note-taking behaviour in video remote interpreting.
20 professional interpreters and 29 student interpreters
consecutively interpreted two easy segments and two difficult
segments from English (L2) to Chinese (L1), with their eye and
pen movements being registered by a Tobii eye-tracker and a
Wacom digital pen. The results show that: (1) an increase of
perceived interpreting difficulty led to a decrease in the overt
visual attention and physical effort invested in note-taking, and a
longer time to make note-taking decisions; (2) although the
professionals and students reported a similar level of interpreting
difficulty, the professionals devoted more overt visual attention
and physical effort to completing the note-taking activity in
interpreting than the students; and (3) the cognitive effort of
note-taking was not affected by changes in source speech
difficulty or interpreter work experience. These findings indicate
that: (1) interpreting experience accumulation does not entail
reductions in task-difficulty perception or the cognitive effort of
note-taking but increases the amount of effort interpreters
devote to note-taking; and (2) increased task difficulty affects
time management during note-taking but not the cognitive effort
of note-taking.
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1. Introduction

Consecutive interpreting (CI) consists of an input phase of source speech comprehension
and an output phase of target speech production. Since the source speech can last
minutes, interpreters usually resort to notes to reduce the pressure on their memory.
During note-taking, interpreters encode selected information in the source speech into
written notes; while during note-reading, interpreters decode their notes to recall the
source speech and deliver the interpretation. Despite the benefits of notes in memory
retrieval, note-taking does require a certain amount of cognitive and manual effort on
the part of interpreters, as human writing speed is only about one-tenth of speaking
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speed (Foulin, 1995). As a result, less effort is available for other sub-tasks during the
input phase of CI, including listening to the source speech (L), memorizing information
in mind (M) and coordinating these activities (C) (Gile, 2009). If interpreters’ cognitive
effort exceeds their limit, their interpreting quality will diminish.

According to Chen (2017), cognitive load1 in interpreting is constructed from two
aspects (Figure 1). The first aspect concerns task and environmental characteristics,
among which task difficulty has received the most attention from researchers. In a
note-taking context, when the source speech is difficult to interpret, interpreters can
decrease their note-taking effort by noting less or using familiarized abbreviations and
symbols (e.g. Gillies, 2017) to make more processing capacity available for receiving
the source speech; or they can increase the effort to maintain note quantity and
quality. As long as interpreters can retrieve their memory of the source speech from
notes, they can adopt flexible note-taking strategies according to the source speech fea-
tures and their availability of cognitive resources.

Environmental characteristics include the ‘physical environment conditions… , visi-
bility of the speaker and/or audience, and the equipment used’ (Chen, 2017, p. 645)
during interpreting, all of which are difficult to control in remote interpreting.
However, as a result of globalization and advancements in information technology,
remote interpreting has become increasingly popular in the interpreting industry (Euro-
pean Commission, 2020) and for interpreter training (Ko & Chen, 2011). It has even
become a new normal for professional interpreters working at home (AIIC, 2020)
because of social distancing during the COVID-19 pandemic. In remote interpreting,
interpreters can have audio-only or audio-visual access to the interlocutors. The latter
case is usually called Video Remote Interpreting (VRI) or Video Mediated Interpreting

Figure 1. The construct of cognitive load in interpreting. This figure is taken from Chen (2017, p. 644).
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(VMI) (Braun & Taylor, 2012; Napier et al., 2018). In VRI, since interpreters’ vision of
the venue is significantly restricted, they have to make extra effort to obtain the visual
information they need such as the speaker’s body language and the audience’s response.
In that case, fewer cognitive resources are available for other sub-tasks in interpreting
such as note-taking. However, it remains underexplored how interpreters can effectively
allocate their limited visual attention and cognitive resources to process audio-visual
information in the video and take notes at the same time. The need for exploration of
the cognitive mechanism behind VRI is therefore urgent to help professional and
student interpreters to adapt to these remote working and training environments.

The second aspect of cognitive load in interpreting concerns interpreter character-
istics, including interpreters’ cognitive abilities, motivation, experience and arousal
state while completing the interpreting task (Chen, 2017). Of these characteristics, inter-
preting experience has received the most attention from note-taking researchers. Some
researchers have found that professional and student interpreters have the same note pat-
terns (e.g. Andres, 2002), while others have found the opposite (e.g. Abuín González,
2012). This might relate to the highly individual nature of notes, in that there are no
absolute rules governing their form: they just have to make sense to the interpreters.
Therefore, note patterns should be interpreted with respect to an exploration of the cog-
nitive processes underlying the note-taking process.

In brief, note-taking is a complex cognitive activity, and note-taking decisions depend
on the interaction between the interpreting task and the interpreter. In order to under-
stand previous investigations of this interaction, we chose ‘note’, ‘notation’ and ‘note-
taking’ as the keywords for searching the following databases, the Conference Interpret-
ing Research Information Network Bulletin (CIRIN Bulletin), Translation Studies Bibli-
ography (TSB) and the Chinese Social Sciences Citation Index (CSSCI), and identified 30
empirical studies2 for these keywords. 13 more relevant articles were found from the
reference lists of the retrieved items. However, among the 43 papers in total, only 3 dis-
cussed source speech difficulty and 6 involved participants with different levels of inter-
preting expertise. All the studies focused on on-site interpreting rather than remote
interpreting, and only 3 explored the process of note-taking. The following section pre-
sents a brief review of note-taking research that includes interpreting experience and/or
source speech features into consideration.

2. Research background

2.1 Effects of source speech features on note-taking in CI

There are three texts in a CI task: source text, notation text and target text (Albl-Mikasa,
2006). Among these, the source text is of particular importance because the notation text
is produced based on the interpreter’s comprehension of the source text; while the nota-
tion text, in turn, serves as an information source for the production of the target text
(Figure 2). In other words, interpreters’ note-taking behaviour can be affected by the fea-
tures of the source speech, and their note-taking behaviour will in turn affect their note-
reading behaviour and the quality of the target speech. This section introduces three
studies that have explored the impacts of source speech features on interpreters’ note-
taking behaviour in a thematic and chronological order.

PERSPECTIVES 3



The features of source speech have been found to be influential for both the product
and process of note-taking. Dam (2004) observed more uses of source language among
4 student interpreters’ notes when the source speech became more difficult, which
implied increased effort for listening comprehension and decreased effort for language
transfer. In other words, note-taking decisions are made based on the interaction
between source speech difficulty and interpreters’ processing capacity. Hu (2008) took
this one step further by examining how the familiarity with lexical and syntactic structures
of source speech affects interpreters’ cognitive effort of note-taking. 10 professional
interpreters and 10 student interpreters completed a secondary task of sound detection
while conducting the primary task of CI. The task-switching time was measured to indi-
cate the cognitive effort of note-taking. The results show that the interpreters reacted to the
secondary task faster when they weremore familiar with the structures, indicating less cog-
nitive effort involved in note-taking. However, since interpreters had to complete the sec-
ondary task by pressing a button while their hands were occupied by note-taking, this
design can be intrusive as it breaks the continuity of the note-taking process. Chen
(2020a) adopts a more natural experimental design, using pen-recording and eye-tracking
technology to compare 18 professional interpreters’ cognitive effort of note-taking and
note-reading in different interpreting directions. She found that the participants’ cognitive
effort of note-taking was higher when interpreting into their first language (L1), but the
cognitive effort of note-reading was higher when interpreting into their second language
(L2). This result implies a joint impact of the input language and interpreters’ language
background on the cognitive effort of note-taking and note-reading.

In summary, existing studies suggest that the features of source speech can exert sig-
nificant impacts on interpreters’ note-taking behaviour. However, our understanding of
this issue is limited because: (1) process-oriented methods such as eye-tracking and pen-
recording have not been widely adopted in note-taking studies, and researchers usually
speculate about what happens during the note-taking process based on the note patterns;
(2) no note-taking study is conducted in a remote interpreting setting, which significantly
decreases the applicability of previous findings to remote CI; and (3) only one study
involves both professional and student interpreters, and the number of participants in
each group is only 10. Therefore, no conclusive evidence is available to explain the
effects of source speech difficulty on note-taking.

Figure 2. Relationships of source text, notation text and target text in CI.
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2.2 Effects of interpreting experience on note-taking in CI

As mentioned above, only six studies have explored the effect of interpreting experience
on interpreters’ note-taking behaviour, and they will be reviewed in this section thema-
tically and chronologically. The first line of the research focuses on the product of note-
taking. Specifically, on note language, Andres (2002) found that both professional and
student interpreters preferred source language over target language; whereas Dai and
Xu (2007), Abuín González (2012) and Gao (2019) have observed a source-to-target
language shift from the less-experienced group(s) to the more-experienced group(s).
In terms of note forms, while Dai and Xu (2007) found that interpreting training experi-
ence facilitated interpreters to use abbreviations and symbols in note-taking, Chen (2021)
reports a lower proportion of symbols in professionals’ notes than in student’s notes. As
for note quantity, Gao (2019) reports no statistically significant difference across student
interpreters with three levels of interpreting expertise; while Chen (2021) finds that pro-
fessionals noted more than students in an L2-L1 task. Overall, inconsistent findings have
been reported on the product of note-taking, encouraging researchers to turn to the
process of note-taking.

The second line of the studies has explored the process of note-taking. Andres (2002)
compared professional and student interpreters’ processing effort of note-taking by
manually calculating (with the help of time-coded videos) the time span between the
source speech delivery and the act of note-taking. The longest time lag for students
was around ten seconds, while that for professionals was about six seconds. Andres
(2002) therefore concluded that the students experienced much higher processing load
during note-taking than the professionals. In line with Andres (2002), Hu (2008)
found that professional interpreters were faster than student interpreters in completing
a secondary task while performing the primary task of note-taking, which indicates that
the professionals bore a lighter cognitive load during note-taking than the students. In
addition, she found that student interpreters speeded up significantly in the secondary
task after receiving intensive training (48 h in the space of two months) in the type of
interpreting materials in the test, indicating a significant reduction in the cognitive
effort of note-taking. Moreover, by adopting pen-recording technology, Chen (2021)
found that compared with student interpreters, professional interpreters wrote faster, fol-
lowed the source speech closer and put less pressure on the pen during note-taking. She
therefore suggests that the professionals experienced less cognitive load and tension
during note-taking than the students. In other CI studies, CI experience was also
found to be beneficial in accelerating information updating and task-switching in the
mind (Dong & Liu, 2016). All of these findings imply that more experienced interpreters
have an advantage over less experienced interpreters in note-taking, in that they can
update source-speech information, switch between listening comprehension and note-
taking, and complete note-taking more easily and quickly.

2.3 The present study

The above review indicates that source speech difficulty and interpreter work experience
have seldom been considered in process-oriented or product-oriented note-taking
studies. Therefore, the present study aims to explore how professional and student
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interpreters conduct the complex note-taking activities in VRI, with a pre-recorded
speech that contains both easy and difficult materials. Since the eye and pen movements
during note-taking in this study were activated by the interpreters’ allocation of cognitive
and manual resources, we collected these two sets of data to probe into the process of
note-taking. Together with the evaluation of their notes and interpreting performance,
the study attempts to answer two major questions:

(1) What is the impact of source speech difficulty on interpreters’ note-taking effort? For
this research question, we hypothesize that, in the difficult segments, the interpreters
would rely more on note-taking because they would not be able to store and process
source-speech information as quickly as in the easy segments. Hence, the
interpreters’ overt visual attention on the note areas and the cognitive and physical
effort of note-taking would be significantly greater in the difficult segments than in
the easy ones.

(2) What is the impact of interpreter work experience on interpreters’ note-taking
effort? The hypothesis is that professional interpreters would be more proficient at
note-taking and less reliant on notes in interpreting compared with student
interpreters. Less overt visual attention on notes and less cognitive and physical
effort of note-taking are expected to be found for the professionals than for the
students.

3. Methods

3.1 Participants

The participants were recruited through voluntary response and snowball sampling
methods. This started from the researchers’ professional and academic networks
and developed in turn through the networks of the first group of qualified partici-
pants. Altogether, 24 professional interpreters and 31 master students from 11 univer-
sities with normal or corrected-to-normal vision participated in the experiment. Most
of the professionals had a master’s degree in interpreting (87.5%). Three who had
learned interpreting from professional training courses (12.5%) had passed the
Level-II test of the China Accreditation Test for Translators and Interpreters. On
average, the professionals had received 1.64 years’ (SD = 0.68 year) interpreting train-
ing, including systematic note-taking. The students had just finished their first-year
master’s program of Translation and Interpreting which included intensive CI training
and note-taking practice.3 The participants have Chinese as L1 and English as L2.
They signed a consent form clarifying their full anonymity and confidentiality and
were rewarded with a supermarket gift token upon task completion. The research
was approved by the research ethics committee of a UK university and the project
ID is MLAC-2019-06-13T14:42:41-tzcw84.

The Covid-19 pandemic broke out on 31 December 2019, and our experiment was
conducted between July and December 2020. At the time of the experiment, all the pro-
fessionals had started to conduct VRI in their work, and the students had attended video-
mediated interpreting classes online for one semester. Both groups had experience in
interpreting speech presented through a computer screen.
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We eventually analysed data obtained from 20 professionals and 29 students (Table 1)
after assessing the quality of eye-tracking data based on Hvelplund (2011). We found
Hvelplund’s assessment criteria suitable for this study for two reasons. Firstly, except
for the popular measure of mean fixation duration, Hvelplund includes a measure of
gaze time on screen which allows us to check whether the participants frequently
looked down at the tablet to position their pen. Secondly, since the total time that the
participants looked at the screen differed, we need the gaze sample to fixation percentage,
which does not presuppose the same duration of eye on screen, to judge the quality of
eye-tracking data (Hvelplund, 2011). Eventually, we excluded datapoints of P4, P15,
P33 and P59 who failed to meet (i.e. one SD below the mean) at least two of the three
criteria (cf. Hvelplund, 2011). In addition, P42 and P53 were discarded as they were
unable to use the digital pen with ease. Overall, the percentage of invalid data was
10.91%. The two groups’ working memory capacity was found to be similar (t(47) =
−1.612, p > .05, d = 0.48) through a listening span task (Cai et al., 2015). All the students
passed the Test for English Majors Band 8 with an average score of 71 (SD = 4.88).4

Besides this, the gender skew (female-dominated) in sampling was not deliberately
designed, but it was not expected to exert decisive impacts on the conclusions (Hvel-
plund, 2011).

3.2 Material

The stimulus was a talk about classical music in life excerpted from TED.com, a world-
wide popular video website. The speech was delivered in plain language and the partici-
pants were allowed to study the pre-prepared vocabulary before interpreting without
time limits. No concerns about the topic of the speech were raised during the exper-
iments. The talk was divided into four segments, with the two at the beginning and
the end being ‘easy’ and the two in the middle being ‘difficult’. This sequence of task
difficulty was deliberately designed to avoid possible order effects. The difficulty level
of the four segments was firstly assessed through a readability test5 (indicated by the
Flesch Reading Ease score), which measures text complexity through word frequency
and sentence length. It was reported in Liu et al. (2004) that interpreters’ performance
was undermined as text complexity increased. Then, a propositional density test was con-
ducted (using the CPIDR 56 programme) to check information density. After that, we
made minor adjustments to the transcripts and videos and ran the tests again. The read-
ability test result showed that Segments 1 and 4 were ‘comparatively easy to understand’,
while Segments 2 and 3 were ‘comparatively difficult to understand’. Segments 2 and 3
also had higher propositional densities than Segments 1 and 4 (Table 2). Therefore, Seg-
ments 2 and 3 were assessed as being more difficult to interpret than Segments 1 and 4.

Table 1. Participant details.
Professionals Students

Number 20 (17 females and 3 males) 29 (25 females and 4 males)
Age 32.9 years (SD = 4.30) 23.3 years (SD = 2.18)
Interpreter work experience 7.3 years (SD = 2.99) –
English listening span 34.95 (SD = 7.85) 31.83 (SD = 6.02)
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With videos and transcripts in hand, 10 interpreting trainers and freelance
interpreters rated the difficulty level of interpreting the four segments in terms of
eight aspects: words, syntactic structure, information density, coherence, logic, clarity,
abstractness, and required background knowledge (Cf. Liu & Chiu, 2009, p. 248). The
results showed that, in every aspect, every ‘difficult’ segment was obviously more
difficult to interpret than every ‘easy’ segment. We received the same feedback from
the 10 MA students in the pilot study.

3.3 Apparatus

Throughout interpreting, the participants’ eye movements were recorded with a Tobii
Pro Fusion-250 eye-tracker, and their pen movements were recorded using a Wacom
CTL 672 digital pen and an equipped tablet (Figure 3). Pen data were extracted
through the eye-tracking software of Tobii Pro Lab, since pen movements were regarded
as mouse clicks in the software. The whole experiment was recorded by the Audacity

Table 2. Source speech details.
Segment Difficulty level Duration Word count Reading Ease score Proposition count Propositional density

1 easy 2’45’’ 406 80.70 220 0.54
2 difficult 2’36’’ 380 58.00 217 0.57
3 difficult 2’47’’ 405 55.00 230 0.57
4 easy 2’47’’ 405 79.20 222 0.55

Note. Propositional density is calculated by dividing the proposition count by the word count.
The higher the density, the more informative the material is.

Figure 3. Experimental settings.
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2.4.2 software. All of the devices were connected to a laptop with a 15’’6 screen which
could simultaneously show interpreters’ writing on the tablet. The screen presentation
was set with two areas: a speaker window for video-playing, and a blank area for note-
taking.

Different from Chen et al. (2021) who studied on-site CI with interpreters wearing
eye-tracking glasses, we focused on VRI where interpreters sit in front of a screen,
which is suitable for a desktop-based eye-tracker. However, writing on a tablet with
eyes fixating on the screen can cause hand-eye coordination problems. Therefore, we
conducted a pilot study with 10 MA students, during which all of them managed to
work with this setting and found it easier than blind typing in translation. Likewise,
Loch (2005, p. 234) described this setting in his research thus, that ‘I found it did not
take long to get used to writing with the pen’. Moreover, the participants expressed
that they were used to such human–computer interactions because of the prevalent
remote working style during the pandemic. Eventually, we kept this setting in the
formal study where only two participants who reported discomfort were excluded
from the data.

3.4 Procedures

The experimental procedures contain five phases (Figure 4). In Phase I, the interpreters
first used the digital pen to copy the background information of the speech. Then, they
were free to write, circle or draw anything they like on the screen for the vocabulary items
pre-prepared by the researcher. After a nine-point calibration by sitting approximately
60 cm away from the eye-tracker, they did a one-minute CI warm-up exercise with
their eye and pen movements registered. Technical advice was given to the participants
where necessary. After a second calibration, the participants interpreted Segments 1 and
2, watched the 45-second music clip from the original talk, and interpreted Segments 3

Figure 4. Experimental procedure.
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and 4 (phases II, III and IV). In Phase V, the participants first explained their notes and
then completed a NASA-task load questionnaire to rate the difficulty level of interpreting
the four segments in terms of four aspects: mental demand, effort, frustration and per-
formance (Appendix) (cf. Sun & Shreve 2014). The videos, transcripts, interpreters’
notes and interpretations were provided for task difficulty evaluation. Finally, they
finished another questionnaire about their demographic information and interpreting
background. The total session lasted roughly 80 min.

3.5 Data analysis

3.5.1 Eye-tracking and pen-tracking data
We drew AOI on each note (Figure 3) rather than on the whole note-taking area, to
exclude fixations on the blank space among notes, through which we obtained precise
fixation data on the notes. Table 3 illustrates the adopted indicators.

It is worth mentioning that participants who wrote more notes usually had a larger
area of notes than those who note less, resulting in a bigger sum of TFD on the notes.
Hence, TFD in our study pointed to the total overt visual attention that the interpreters
paid to the entire note-taking activity during interpreting. By contrast, MFD which is not
affected by the area of notes because of its ‘mean’ attribute was adopted to indicate the
average cognitive effort of taking one note.

On pen data, the sum of CC of each note was used to indicate the total physical effort
of note-taking. For example, the Chinese vocabulary items ‘演讲’ (‘speech’) and ‘讲话’
(‘speech’) were both counted as one note. However, the former has more strokes and
requires more time to write than the latter word ‘讲话’, and this difference could be indi-
cated by CC. Besides this, only 95% of the notes had EPS data because the latter could
only be calculated for notes with corresponding source speech units, and extreme
values that were ‘three standard deviations below or above the mean (of EPS)’ (Chen,
2020b, p. 126) were eliminated. We adopted ‘Time to First Click’ which records the
time that the pen tip touched the tablet, to indicate note-taking onsets and the tran-
scribed source speech to decide word onsets. We understood EPS as a strategic move

Table 3. Eye-tracking and pen-tracking measures.
Measure Operational definition Corresponding activities Uses in previous research

Total fixation
duration
(TFD)

The total time of fixations
on an AOI

Overt visual attention
paid to note-taking

Overt visual attention on consultation in
translation (Cui & Zheng, 2021; Hvelplund,
2019)

Mean fixation
duration
(MFD)

The average time of
fixations on an AOI

Cognitive effort of
taking one note on
average

Cognitive effort of reading for
comprehension (Jakobsen & Jensen, 2008)
and note-reading (Chen et al., 2021)

Revisit count
(RVC)

The number of times that
eyes re-enter and leave
an AOI

Cognitive effort of
checking (un)finished
notes

Cognitive effort of incomplete lexical
processing in reading (Pollatsek & Rayner,
1990) and incomplete note processing in
note-reading (Chen et al., 2021)

Click count
(CC)

The number of strokes in
writing notes

Physical effort of note-
writing

Relative use such as writing distance in note-
taking (Chen, 2021)

Ear-pen span
(EPS)

The time lag between
source speech delivery
and note-taking acts

Time to make note-
taking decisions

Cognitive effort (Andres, 2002) and temporal
demand (Chen, 2021) during note-taking
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of note-taking rather than an indicator of ‘load’, because a shorter EPS can entail more
notes, while a longer EPS leaves more time for listening comprehension.

3.5.2 Interpreting quality assessment
Two experienced interpreter trainers were invited to assess the quality of interpreting,
including aspects of ‘information completeness’, ‘fluency of delivery’ and ‘target language
quality’ (Han, 2018, p. 422). Following Lee (2015), ‘information completeness’ was given
a weight of two, while the other two were given a weight of 1. With an intraclass corre-
lation coefficient at a 95% confidence interval, all inter-rater reliability scores were above
0.7 in each aspect of each segment interpretation.

3.5.3 Statistical analysis
Normality was checked for all data using the Shapiro–Wilk test. If the reported two-tailed
p value was less than 0.05, then the data were considered non-normally distributed. For
between-subject comparisons, we conducted independent t-tests for normally distributed
data and Mann–Whitney tests for non-normally distributed data. For within-subject
comparisons, we adopted paired t-tests for normally distributed data and the Wilcoxon
signed rank tests for non-normally distributed data. A univariate generalized linear
model was adopted to test the interaction effects of ‘group’ and ‘difficulty’ on interpreting
process and product.

4. Results

4.1 Professional interpreters vs student interpreters

Firstly, with AOIs on the notes, the professional group had significantly higher TFD and
CC values than the student group. No significant differences were found in MFD, RVC
and EPS (Table 4).

Secondly, the professionals (M = 19.09, SD = 5.05) performed significantly better (t
(139.25) =−4.459, p < .001, d = 0.66) than the students (M = 16.11, SD = 3.83) in
interpreting.

Thirdly, the two groups reported a similar level of ‘mental demand’ and ‘frustration’
during interpreting (Table 5), but the professionals reported significantly more ‘effort’ in
task completion and better interpreting ‘performance’ than the students.

Table 4. Eye and pen movements in note areas.

Measure

Students Professionals

p-valueM SD M SD

TFD 71.63 26.99 85.90 22.04 <.001
MFD* 0.51 0.14 0.54 0.14 >.05
RVC 1.40 0.30 1.33 0.21 >.05
EPS 4.77 0.98 4.69 1.05 >.05
CC* 231.50 78.33 288.18 80.62 <.001

Notes.
* represents Mann-Whitney test results.
All temporal indicators were measured in seconds.
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4.2 Easy segments vs difficult segments

Firstly, significantly longer TFD and more CC on the note areas were found in the easy
segments than in the difficult ones, while the situation is opposite in EPS. MFD and RVC
data showed no significant differences (Table 6).

Secondly, the interpreters performed significantly better (t(97) = 4.431, p < .001, d =
0.45) in interpreting the easy segments (M = 18.37, SD = 4.64) than the difficult ones
(M = 16.29, SD = 4.34).

Thirdly, in the difficult segments, the interpreters perceived significantly more ‘mental
demand’ and ‘frustration’, put in more ‘effort’ and generated worse ‘performance’ in
interpreting than in the easy segments (Table 7).

4.3 Interpreter work experience and source speech difficulty

The two groups had similar eye and pen movement patterns in the easy and difficult seg-
ments. One exception was that only professionals had significantly longer TFD on notes
in the easy segments than in the difficult ones. On interpreting performance, we observed
a significant interaction effect between the two independent variables (F(1, 192) = 6.529,
p < .05) (Figure 5). The professionals performed significantly better than the students in
the easy segments (t(70.288) =−5.168, p < .001, d = 1.09), but only slightly better in the
difficult segments.

Table 5. Mann-Whitney test on NASA-task load results.

Measure

Students Professionals

p-valueM SD M SD

Mental demand 6.31 1.23 6.27 1.83 >.05
Frustration 5.68 1.76 5.48 2.24 >.05
Effort 6.19 1.38 6.68 1.64 <.05
Performance 4.82 1.58 5.69 1.67 <.05

Table 6. Eye and pen movements in note areas.

Measure

Easy Difficult

p-valueM SD M SD

TFD* 80.41 26.19 74.49 25.59 <.05
MFD* 0.53 0.14 0.51 0.17 >.05
RVC 1.38 0.24 1.38 0.29 >.05
EPS 4.07 1.51 5.03 2.10 <.001
CC* 237.73 79.55 227.22 73.11 <.05

Notes.
1. *represents Wilcoxon signed-rank test results.
2. All temporal indicators were measured in seconds.

Table 7. Wilcoxon signed-rank test results of NASA-task load ratings.

Measure

Easy Difficult

p-valueM SD M SD

Mental demand 5.78 1.45 6.89 1.30 <.001
Frustration 5.19 2.02 6.38 1.83 <.001
Effort 6.10 1.51 6.92 1.52 <.001
Performance 5.00 1.63 4.64 1.68 <.01
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The task-load ratings showed that both groups perceived there to be significantly more
difficulty in the difficult segments than in easy segments, but the professionals reported a
wider gap between interpreting difficulty and performance than the students (Table 8).

5. Discussion

5.1 Effects of interpreting experience

5.1.1 Overt visual attention and physical effort invested in note-taking
Contrary to our hypothesis, the professionals allocated significantly more overt visual
attention and physical effort than the students to completing the note-taking activity
during interpreting. A possible reason for that could be the difference in note choices.
As Table 9 presents, the students preferred symbols and abbreviations, whereas the pro-
fessionals used many language notes and full words. Chen (2020b) has found that, for
Chinese-native interpreters, noting in symbols and abbreviations entails less physical
demand but higher temporal demand than noting in language and full words. In our
study, the students opted for easy-writing note forms and the professionals preferred
notes that were time-saving in decision-making. As a result, the students invested less
physical effort in note-writing and looked less on the virtual notepad. This is also in
accordance with the finding that professionals took more notes (M = 93.61, SD =
27.59) than the students (M = 86.37, SD = 29.45) although the difference was not
significant.

In addition, we observed the same group difference in the overt visual attention to the
whole screen (for professionals: M = 157.58, SD = 16.68, for students: M = 148.65, SD =
23.22; Z =−3.159, p < .01) and the proportions of fixations on notes (professionals: M
= 54.33% SD = 11.92%, students: M = 47.91%, SD = 15.51%; t(191.69) =−3.27, p < .01,
d = 0.46) during the input phase of CI. Since the two groups had similar working

Figure 5. Interpreting performance scores.
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memory capacity and reported a similar amount of mental demand and frustration after
interpreting, this professional-novice difference in cognitive resource allocation can
suggest two things. Firstly, when facing interpreting difficulties, the professionals
would allocate a larger amount of their processing capacity to address the difficulties
than the students. Secondly, among the allocated capacity, the professionals would dis-
tribute a larger proportion of it to conduct note-taking than the students. The above
findings are opposite to those reported by some studies on on-site interpreting (e.g.
Chmiel & Lijewska, 2019 on sight translation, Stachowiak-Szymczak & Korpal, 2019
on simultaneous interpreting, and Hu, 2008 on note-taking), where professional
interpreters completed interpreting with less effort than student interpreters. One
important reason can be the great difference between on-site and remote interpreting.
It has been found that remote interpreting is less friendly to interpreters than on-site
interpreting, because of its uncomfortable physical environment, poor ergonomics,
high stress and burnout (Roziner & Shlesinger, 2010). However, professional
interpreters could maintain their interpreting quality at a similar level across the two
work conditions, even though they themselves judged their performance as signifi-
cantly poorer in the remote mode (Roziner & Shlesinger, 2010). According to Dong
and Liu (2016), the cognitive advantage in interpreting is achieved through placing
high cognitive demand on interpreters, even more than is needed, to push them to
develop corresponding coping strategies. In our study, the professionals had been
adjusting themselves to working remotely during the Covid-19 pandemic and faced
such real stress from clients and audience more often, whereas the students who
attended online classes within a relatively relaxing environment may have not devel-
oped coping strategies for remote interpreting. This could be the reason why the pro-
fessionals were able to allocate more overt visual attention and physical effort to
conducting note-taking than the students.

Table 8. Wilcoxon signed-rank test results of NASA-task load ratings.
Professionals Students

Easy Difficult Easy Difficult

M SD M SD p value M SD M SD p value

Mental demand 5.59 1.94 6.93 1.46 <.001 6.03 1.17 6.59 1.24 <.01
Frustration 4.78 2.11 6.18 2.16 <.001 5.41 1.76 5.95 1.73 <.01
Effort 6.21 1.65 7.14 1.51 <.01 6.03 1.40 6.35 1.36 >.05
Performance 5.99 1.71 4.60 1.60 <.01 4.95 1.52 4.70 1.64 >.05

Table 9. Mann-Whitney test results on note choices (%).

Aspect Category

Students Professionals

p-valueM SD M SD

Note form* (in general) Language 53.29 13.39 59.88 13.28 <.01
Symbol 35.40 11.10 29.89 12.27 <.01
Number 4.00 3.69 3.96 3.67 >.05

Word form (out of language notes) Full word 21.67 12.82 33.61 18.66 <.001
Abbreviation 31.62 9.19 26.27 11.67 <.001

Note language (out of language notes) Chinese 21.58 13.86 22.97 11.74 >.05
English 31.81 11.08 36.91 17.88 >.05

Note. *The sums of the proportions were not 100% because there were a few notes that the participants could not
recognize.
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5.1.2 Cognitive effort of note-taking
The finding that the two groups were similar in the cognitive effort of note-taking
conflicts with Andres (2002) and Hu (2008). However, Andres (2002) drew her con-
clusion based on the EPS data, which in our study was not used as an indicator of
‘load’ but as a strategic choice of note-taking. Hu (2008) asked interpreters to complete
a secondary task during note-taking, which might misguide the interpreters to focus on
secondary-task completion rather than on note-taking. Moreover, neither the earlier
studies used source speech with different difficulty levels. Hence, with eye-tracking
data obtained in easy and difficult task conditions, we conclude there were no group
effects in the cognitive effort of note-taking.

Nonetheless, the professionals were more efficient note-takers in that they adopted
more diverse and demanding strategies with the same amount of cognitive effort as
the students. We classified the interpreters’ note-taking strategies into ellipsis and
non-ellipsis based on Albl-Mikasa (2006). The former is a simple reduction of source
speech content with a lower level of language processing, while the latter involves a
higher level of language processing for using different lexis to represent the same
meaning of a speech unit (such as using ‘he’ to represent ‘dad’ in the source speech)
or re-organizing the syntactic structures in the source speech. The results of the
present study show that, on average, 7.87% (SD = 0.44%) of the professionals’ notes
and 7.29% (SD = 0.57%) of the students’ notes were created through non-ellipsis strat-
egies, although the difference was only close to significance (Z =−1.727, p = 0.084).
However, compared with the ellipsis strategy, non-ellipsis strategies are significantly
more effortful in applications (MFD at Z =−3.564, p < .001; CC at Z =−3.833, p
< .001) and helpful in interpreting quality improvement (Spearman test result: rs(196)
= 0.229, p < .01). These results indicate that the professionals could use effortful and
effective note-taking strategies more automatically than the students, presenting
domain-specific expertise in the utilization of note-taking techniques. Research shows
that eight months’ interpreting training is effective in helping students to adopt rec-
ommended interpreting strategies (Dong et al., 2019). Therefore, flexible note-taking
strategies and intensive note-taking practice should be introduced into interpreter train-
ing to help students in acquiring note-taking techniques.

5.2 Effects of source speech difficulty

5.2.1 Overt visual attention and physical effort invested in note-taking
Regardless of interpreting experience, the participants allocated more overt visual atten-
tion and physical effort to taking notes for the easy segments than for the difficult ones,
resulting in significant differences (Z =−3.854, p < .001) in note quantity (easy: M =
92.86, SD = 29.88, difficult: M = 85.80, SD = 27.47) and interpreting quality. The same
effects of difficulty were found when we compared the two groups’ fixations on the
whole screen (Z =−7.294, p < .001). These results could be attributed to the possible cog-
nitive overload of interpreting in the difficult segments. In that situation, increasing
invested effort would not help interpreters to enhance interpreting quality (Chen,
2017). After conducting a Pearson correlation test between the interpreters’ cognitive
effort during the input phase of CI (MFD on the screen) and their interpreting scores,
we found a negative correlation (Rho =−0.226, p < .05) between the two in the difficult
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segments but no significant correlation in the easy ones. This result confirms that the
interpreters experienced cognitive overload while receiving the difficult segments as
more effort devotion linked with undermined interpreting quality (Phase B in Figure
6). For the same reason, the participants decreased their use of symbols (t(97) = 3.047,
p < .01, d = 0.31) in the difficult segments (M = 32.00%, SD = 11.78%) than in the easy
ones (M = 34.30%, SD = 11.91%), as retrieving or improvising symbols entails signifi-
cantly heavier temporal demand than noting in language (Chen, 2020b). These
findings suggest that interpreters’ poor performance in VRI could trace back to the
note-taking process where cognitive resources are inadequate to conduct listening com-
prehension, video watching and note-taking at the same time.

An interesting finding is that the professionals assessed the easy segments more easily
and the difficult segments with more difficulty than did the students. Compared to the
student group, the professional group also showed a wider gap in their interpreting
quality between the easy segments and the difficult ones, no matter in the self-assessed
or rater-assessed types of interpreting performance. This is in accordance with previous
research which has shown that higher-level interpreters are more sensitive to the change
of task difficulty in interpreting than lower-level interpreters. For instance, Hu (2008)
found that professional interpreters’ cognitive effort of note-taking significantly
increased when they dealt with the lexical and syntactic structures that they were not
familiar with than those they were familiar with, while that of student interpreters did
not increase to a statistically significant level. Cardoen (2018) found that, although pro-
fessional interpreters outperformed advanced and novice student interpreters in an easy
CI task, they performed worse than the advanced group in a difficult one. Taken together,

Figure 6. The relationship between the cognitive load of interpreting and interpreting performance.
This figure is taken from Chen (2017, p. 650).
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these findings indicate that, even for professional interpreters, there is a certain limit of
cognitive processing and their interpreting quality is undermined when cognitive over-
load happens.

5.2.2. Cognitive effort of note-taking
No effects of source speech difficulty were found in the cognitive effort of note-taking.
This matches with the note-taking products which were dominated by the effort-
saving ellipsis strategy both in easy (M = 85.80%, SD = 7.03%) and difficult segments
(M = 87.62%, SD = 6.70%). In addition, no significant differences were observed in the
proportions of note form and note language (except for symbols). This inflexibility of
note-taking approach can provide some empirical evidence for Gile’s (2001) Tightrope
Hypothesis, which has not yet been tested in CI studies. Gile (2001, p. 9) claims that,
during the input phase of CI, ‘any increase in processing capacity requirements linked
to source-speech features… is likely to lead to saturation-based errors’. Since strategy
shifting might increase the cognitive load of interpreters who are already working
close to saturation with source speech at variant difficulty levels, they choose to stay
‘safe’ with the simple ellipsis strategy.

In contrast to the eye-tracking data, EPS was significantly longer in the difficult seg-
ments than in the easy ones. This is in accordance with the word frequency effect (Hulme
et al., 1997), that people need more time to process lower-frequency words (in the
difficult segments) than higher-frequency words (in the easy segments). Previous
studies confirm that intensive interpreting training can help interpreters to decrease
EPS (Hu, 2008) and there is a negative correlation between EPS and CI performance
(Chen, 2020b). Taken together, EPS is affected by source speech difficulty, can be
reduced through note-taking training, and exerts impacts on interpreting performance.

6. Conclusion

This study has comprehensively explored the effects of source speech difficulty and
interpreter work experience on interpreters’ note-taking behaviour in VRI. Both
groups made more effort to do note-taking and took less time to make note-taking
decisions in the easy segments than in the difficult ones. However, the professionals allo-
cated more overt visual attention and physical effort to completing note-taking than the
student interpreters. They were also more efficient than the students in that they achieved
higher interpreting quality with a similar amount of cognitive effort in note-taking.

We acknowledge the differences between our experimental settings and the actual
practice of VRI, which could bring some impacts on our research findings. For instance,
the video was placed in the left upper corner of the screen with a small size and the
notepad was integrated on the speaker’s screen. Future studies can try to present the
video on full screen and adopt a Livescribe pen which is equipped with a built-in
camera and a microphone to film the writing scenes on the paper, record the voice of
the interpreter, and upload the recorded videos to computers for further pen-movement
analysis. Although this setting would not allow the desktop-based eye-tracker to collect
interpreters’ eye movements on the paper, it can still show how frequently interpreters
refer to the screen during VRI and reveal some switch patterns between the screen
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and the notepad. Besides this, as we only investigated English-Chinese CI with Chinese
native interpreters using only one text type, research is needed to examine the observed
effects in the other interpreting direction and for other text types.

Notes

1. We follow Reif (2008) to use ‘cognitive load’ to represent the input load of the task and ‘cog-
nitive effort’ to indicate the operator load of the task performer.

2. Papers based on the same research project are not counted repeatedly. For example, Chen
(2020a) and Chen (2020b) are counted only once because they report on the different
aspects of one note-taking study.

3. Students in the master’s program of Translation and Interpreting in China mainly follow a
two-year plan, with the first year completing class training and the second year working on
internships in translation and interpreting.

4. There are four bands in TEM8: ‘excellent’ (score between 80 and 100), ‘good’ (score between
70 and 79), ‘pass’ (score between 60 and 69) and ‘failed’ (score lower than 60).

5. The readability indices include the Automated Readability Index (ARI), the Flesch-Kincaid
index, the Coleman-Liau index, the Gunning Fog index, the SMOG index, the Flesch
Reading Ease Score index, and LIX. Details can be retrieved from https://www.webfx.
com/tools/read-able/.

6. More information about this program can be found in http://ai1.ai.uga.edu/caspr/.
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Appendix. NASA Task Load Index for Measuring Translation Difficulty

Mental Demand How mentally demanding was the task?

Effort How hard did you have to work to accomplish your level of performance?

Frustration How insecure, discouraged, irritated, stressed, and annoyed were you?

Performance How successful were you in accomplishing what you were asked to do?
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